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"PREFATORY.

HOUGH at different times printed directions for ‘the manipu-
.lation of special calculating devices have been published,
these presented the subject in such a limifed and one-sided
manner as to make a more . thorough and comprehensive

treatise of Mechanical Arithmetic not only desirable, but neces-
sary. ‘*The Arithmachinist’’ is the significant title chosen for this
-book, which is intended toserve as a practical self-instructorina com-
paratively new branch ot an old science, and particularly to popu-
larize the adoption of machine metheds in practical accounting.
This has become' possible with the advent of the Arithmachine,
the first and only rapid and reliable Computing Machine of small
dimensions and large capacity, which is low in price and noiselessin !
operation, and therefore answcrs the popular dunand and practical
requiréments in every essent1a1 particular,

The purpose of this book, however is not merely to take the place
of a thorough instructor in thc practical manipulation of the .
ArithmachineTbut to teach the science of Mechanical Arithmetic in’
an exhaustive and interesting manner.” It presents an illustrated,
historical and technical review of the subject of machine computa-
tion; e\pldms the reasons w hy up to the prt,sent it did not enter as
a factor in modern business economies; states the causes of failure
of computing apologies and gives complete instructions. in the use .
‘of the Arithmachine, as a mecans of performing all arithmetical
operations with accuracy and speed, oftering at the satwe fime labor-
saving metheds for ascertaining and verifying results, entirely origi-
nal with the Author. and not confained in any other work published.
The many valuable points of information to be gleaned from the
pages of this book will therefore not only prove beneficial and instruc-
tive to Arithmachinists, that'is, users of the Arithn wachine, but give

ba knowledge and appreciation of the pratticability and utility of
mechanical appliances in a hitherto untried field, and the possibility
of substituting. matter for mind, or rather physical force, for mental
energy The importance and helpfulness of such substitution in an
age, in which the struggle for existence and ‘supremacy taxes the
nervous system to the utmost, must be at once apparent to all who
give the Suth.Ct any con51d<,ratxon )
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Methods of computation which are perfectly natural ‘to the
mental calculator are almost inapplicable to the machine, and
vice versa, and this points out the radical difference and principal
difficulty in writing a really helpful work on Mechanical Arithmetic,
taking the text books now in use, either as guide or starting point.
For it should always be borne in mind that ‘in Mental Arithmetic
the calculator is controlling his own efforts, while in Mechanical
Arithmetic the operator is sunplv directing the workings: of the
machine, which for the time bemg assumes a separate and distinct
personality. S :

"About 95 per cent of the accountmg work requlred by mercantile,
manufacturing and bankihg houses consists of addition, and for this

.

‘no more serviceable mechanism has ever been devised. 1t adds all
~ columns at the same time and particularly prevents errors-caused

by carrying wrong hundreds or crowding two figures into one col-
umn, a frequent source of trouble, experienced by mental calcula-
tors. It further permits giving im_'fhediatc attention to otherimport-
ant matters while engaged in adding long columins, without loss. of
time or the least rlsk or danger of making mistakes, thereby proving
the old saying , “There is nothing so deaf as an adder,” false -and
out-of-date. It performs subtraction with-greater ease than other
computing machines, partlcularl‘v on‘account of the introduction of
the double complemental stales, which is also fully protected by our
letters patent, and represents a scientific achiecvement of consider-
able merit in itself. In multiplication the Arithmachine saves the
carrying and adding of the pattial products, and in division-it mul-
tiplies the divisor by the quotient figures and subtracts the products

' simultanedusly.: Similar advantages are gained in squaring and cub-

ing numbers, extracting square and cube roots, etc.

The Arlthmachme can also be advantageously employed in com-
bined operations, such as, for instance, balancing accounts, in which
the batance is obtained directly, without first ascertaining the -totals

. of both sides: in computing interest, discount, etc. In averaging

accounts and all computations, in which a number of products are
added together and the sum divided by the total, of a number of
items, the final result is found by a single continuous process, which
is a great step forward from the cambersome anental and manual
processes now in vogue. With the aid of simple attachments, chain
covers, digit shutters, bar stop and deciimal point. calculations with -
fractions and denominate quantities can be performed with case and
without the strain and effort attending the methods generally prac-
ticed. Tt can be used with ad\antagg in listing, aggregating, etc.,

’ separa@c or scgttcrcd items; and in conjunction with interest, dis-
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count, exchange, etc., s well as logarithmic, trigonometric, etc.,
‘tables, for the various arithnietical operations, occasioned by thieir
use. .
"It is' free from the objections Mnch may Dbe raised against
other computing dtVICLb. It is low in price. costing less than one-
fifth of the price.of other computing machines, which only do part.
of its work, and that less satisfactorily. It is light in weight,
about equaling that of an ordinary paper weight, and so small in
size that it can be easily covered by the palm ofthe hand. Itis prac

tically noiseless’in manipulation, the sound produced by’ it resem- -
bling that of winding a watch. It can be conveniently held in the

hand, fastened to the desk, moved over a blank book column, sus-

pended-on a hook or carried in the vest pocket.

It acts as a guide'to the figures to be operated on and overcomes
the awkward and annoying necessity of continually changing the
range of vision from paper to machine and vice versa. - The same
glance which takes in the figures controls  the operation of the
Arithmachine, which corresponds in width and general arrangemcent |
with a regular-blank book ruling. It can be operated by one.or two.
perspns, or with one or two hdlldS, as may be rfequired or prow
desirable. - . A

Itis strongly and durably Eonstructed bemg compostd entirely
of metal, every working part properly strcngthcmd and every wear-
ing part made of stecl, capable of pz.rformmg about ten times the
work actually required of it, which ‘enables -us to absolutely and
unreservedly guarantee the Arithmachine for two years, while with
proper care and usage it may last a lifetime. Itis handy and grace-
ful in torm, hlghly finished, an ornament to any desk as well as a
necessity in every office.

The cashier of a leading financial institution, aftcr thoroughly
e‘camining the Arlthmachine expressed himselt as follows: . “Yours
is the machine we have been waiting for. It answers the most im-
portant requirements of a practical computing machine, and is par-.
ticularly desirable, as it can be taken to our books, instead of com-
pelling us to take our books to the machine. We tan use twenty-five
- of them in this bank.” ) *

The operation of the Arithmachine is more rntum] and conven- .
ient than writing, while calling’into play other muscles of the hand
and forearm, and reliéving those employed in writing, thercby pre-
venting and curing writers’ cramp. It saves at least one-third of the
mental and physical energy expended in writi'.ng: the placing of
ciphers being entirely avoided, not to speak of the fact that every
significant figure is registered by a single, short anld straight’ move-

.
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ment of the stylus-pencil. Tt doesaway with the nerve-racking noise,
wear and strain, mcxdental to the incessant poundmg of numberless
keys with the ﬁnger tips. " The movement is “easy, smooth, stralght
forward, horizontal, continuous and natural, furnishing at the same
time a light and healthtul exercise.

The eyes are rested, because in plage of ‘a large and bcwﬂdermg
array of constantly moving and rebounding keys, the operating sur-.
face of the Arithmachine always presents the appearance of complete
repose the movement of the mechanism being so even and. mstan-__'
taneous ‘as not to be noticeable. The number of sections béing
limited'‘to the .number of columns in the machine, and the
operation of each section bemg completed before another section
can be brought into action, the factor of simplicity is combined with
that of safety against errors, not possessed 'by other machines,
having either a multiplicity of keys, or keys requiring separafe and
distinct depressmns of varymg depths, in ordcr ‘to register accu-
rately. -

The practical mampulatlon of the Arlthm'tchme eqpecmlly as far
as the four species of arithmetic are concerned, can be acquired in
leéss than an hour’s time, while after a few days’ practice or actual use
considerable confidence and speed are easily attained. It brings the
ability of rdpid and correct computation within the reach of every-
body, and makes-the remarkable skill of the lightning calculator,
that of adding a number of columns simultaneously or multiplying
numbers without first setting down. the 'partial products, an easy
attainment for school boys less than ten years old. And it argues

---gtrongly in favor.of Mechanical Arithmetic that'our boys and girls,

. after eight years’ drilling in mental and manual arithmetic, are far
_ from"bg:i_ng equipped for the practical requirements of the counting
room, while any one can become expert in the operation of the
Arithmachine with a. few hours’ practice. If the sole purposc of
education consisted of ‘““Mental Discipline,” so-called, the slowest
and most awkward methods of computation would certamly be pre-
ferable, and as a matter of fact the brand of arithmetic' commonly dis-
‘pensed in our schools represents ‘Mental Discipline” with a ven- °
geance. If, on the other hand, practical efficiency is,a desideratum
irmodern education, Mechanical Arithmetic undoubtedly deserves
fhir and unbiased COl’lSldel‘ath'\ on the part of teachers and parents"
as well. :
It is bound to open new channels of employment for those who on
account of their arithmetical difficulties or limitations have been
debarred from higher accounting or office work, while in time it is
very likely to throw out of employment those who wish to stem the



o
—

tide of progress; by stubbornly refusing to accept the advantages
and facilities derived from mechanical computation. Its field of
usefulness is as broad as that ot business and the public schools,
and far from being only beneficial to concerns who deal with large
amounts exclusively, it will prove a spccxal blessing to those who
have little ﬁgurmg to do, but are not fully prepared to do that little.

In short, we believe that the Arithmachine is unquestionably the
most desirable and practical computing machine known, cap'\ble of
performing the arithmetical work requlred by -accountants, actu-
aries, bookkeepcrs, business men, clerks, scientists, - students,
teachers, etc., with accuracy and speed and without mental strain.or
straining physical etfort. -

Naturally a new invention has to overcome some popular preju-
dices, and a computing wmachine is no exception to the rule. After
disposing of those objections which miay be properly urged against
other computing devices in particular, it is well to discuss and dispel
the principal objections raised at*amst the adoptxon of computing
machines in general. ‘ -

- Some argue that computmg machines destroy the mental faculty
of computation. To this we sm\ply reply that the reverse is true.
They permit of the highest mental activity and development, har-

" moniously blending the operation of the hand with that of the mind,
and thereby producing better results with less effort and fatigue.
Modern educators fully appreciate the advantages of manual train-
ing in other brapches and certainly arithmetic must, with proper -
facilities, be susceptible of similar treatment. Mechanical Arith-
metic being an important branch of mathematics, full of valuable,
intecesting and instructive featurcs, necessarily broadens the mental
horizon of every one who becomes familiar with it, and it is ditficuilt
to comprehend how those who have mastered this scientific knowledge
should become intellectually inferior to thosc who are ignorant of it.
Nor need anyone fear that the purchabe or-adoption of a practnca[
computing machine retlects discreditably upon one’s mental’ ability
of computatidn. The world has advanced to a point where the users
of improved mechanical apphanccs whether in the office, the shop
or the 'tarm, are considered superior in accompllshment and etfi- -
ciency to those who struggle along with old and antiquated tools
and methods. Others, less old-fogy, say .that while«the machine

" may be very desirable and satisfactory in its workings, it does not

furnish a proof of the accuracy of the results arrived at. The answer
to this is that the machine works with proverbial *mechanical accu-
racy.”” Itcannot make a mistake! Any possible mistake must be
that of the operator, and there are ten ‘chances for the mind to go
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wrong before one is oftered to the hand. The Arlthmnchine‘rcduc'es
computatxon to the act of re adlng'. and it is evident that t‘he tired
bram is much more pkely to repm't a wrong resulf, than that the
tired hand is apt: to place.a wrong figure. In. addxtlon to this the -
vartous processes by whxch resultsare ptovea mentally. can be applied
with: greater fac1lxty to the machine, and. the. best methods adapted
for thls ,purpose a%e also bneﬂy descnbed in thxs work. It

bu not leas ‘;a few confend that after all “The old way is
the best,” not' knowix% or not havmg experienced the advahtages of
the new way. This i the only ‘obBjection which will not yield to
reasons! Itis the arg‘ument which has preserved the quill pen, the
tallow .candle,..the. stage coach, etc., against the invasion and
“encroachment of the typewriter, the electric light, the railroad,
and other “new—fang]ed 1cleas 7 It proves our c1vxhzat10n a grand
mlstake and the barbarous state the ideal condition of man! It is_
true, -but fortunately. 'w1t . an ever decreasing number of people.
With malice toward none and charity for all, we are not partlcularly
catering to this class. ‘

“The Arithmachinist,” while necessarily condensed to serve as a
handbook, and small \n fdrm to conform with the Arithimachine
(Instructions for the more¥| ulk,y computing machines ought to be
prmted on sheets of newsp per sue), is the result of careful thought,
study, mvest}gatxon and regearch and will, it is hoped, not enly prove |
an interesting and i structive contribution to the Literature of .
. Accounts, but at the s&ne {mle pave the way ?D a" more exhaustwe
work on the sub]ect‘

2 In conclusmn, ackn leagments are due for many valuable. . and
important sources of fafo mation, particularly the Century Dic-
tionary, Davies’ Math, natical Dictionary, Knight’s ontlonary of
Mechanics, as well as un erous,books, magazines, patent reports,
pamphlets, cizculggs, e

der&our smcere thanks! )
THE AUTHOR.
5

.

< tp the authors, publishers and compilers |
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~ INTRODUCTORY..

)

T would transcend the scope and purpose of this work
l and not be in keeping with itS'greatest utility, if the
_ cor:gpilation of a complete and exhaustive arithmet-

" ical text-book were attempted. It is our aim ratherto -
present }he fundamental principles and qperation‘s of -
Mechanical Arithmetic, to illustrate some of their most

. important applications and to eliminate any information
which 'may be either presupposed or can be easily

- found in numerous publications, On the other hand we
will fiot.be content to state rules which are tobe blindly -
followed, or give directions without explaining the
«“why” and “wherefore,” whenever necessary, so that the -

" science dof Mechanical 'A}ithmetic may be thoroughly

- anderstood, and not merely mechanically practiced. '
Contrary tothe opinion of some, who have presented
this subject in a very crude and bungling manner, it
" will become self-evident that no ‘knowledge of higher
mathematics nor any deep mathematical insight is 're-

© _quired to comprehend and master any and all processes
of mechanical cor,np'utation. It is Elementary Arithme-

. .ti¢, pure and simple,-and to even talk of higher mathe- - -
matics in.cofrnection with it, only serves to exhibit one’s
ignorance, In fact, less mental development is required’

~+ to understand the fundamertal processes of Mechanical
Arithmetic than is necessary to become conversant with -
the equivalent processes of Mental and Manual Arithme-

- tic, which are easily learned by boys and girls from six
to ten years old, certainly before -even an inkling of



higher mathematlcs is. acquxrnd And this is as it
" shoald *be. For if Mec.lmmedl Arlthmetlc means any-.
thing, it stands for less mental effort, not only in its
‘practice, but also in its acquisition. -
Another characterxstxc feature. of this work is- the
. teachmg» of. tﬁe most important pplications of princi-
“processes in a. thoroughly practical manner—
rules and me}thods which are in-accord with modern
development and the actual requirements of, the count:
ing room. T offer in a book treating of Mechanical
Arithmetic, which ought to be the incarnation of modern
" thought, ‘adaptations and variations of "the antiquated
and round-about methods still- found in many of our
.school books and‘perpetuated with the beautiful excuse
of “Mental Dlsc1p’hne appears to us a serious mistake.
- With-equal reason could we advogate the most awkward
machine methods for the sake of “Manual Discipline.”
.We prefer to r@co mend dumb-bells and outdoor exer-
cise, as benefiting§mind and body to a greater ‘extent-

than either.
In thi§ connect on it may be well to add that our
public’ school in teaching - the three Rs,. ought to
divide the Ia of the Rs into the three Ms,which
" are, Mental, M3nual and Mechanical 'Rithmetic. Cer-
tainly in the Bigher grades, and- ‘particularly in those
institutions whefe the preparatlon for the diuties of busi-
ness life is aimgd at, instruction in Mechanical Arithme-
tic would formJa very interesting and helpful feature.
And in teachinf§ this new science such methods should
be selected wh1 ht ke into consideration the natural1im- -
itations of-the ; the hand and the' machine, as only -
«by a harmonious b nding of the three mstru‘mentalltles
the best and mdst tlsfactory result$' can be achieved.
Mental Anthmetxc one is msuﬂ"icnent., as it overtaxes
the" memory and tigtefore becomes unreliable; Manual
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Arithmetic alone is unde51rable as it is cumbersome and
cannot keep pace with the operatlons of the mind; Me-
chanical Arithmetic alone would have a tendency to re-
duce the mental aptltude and éfficiency of the pupil. A
well-balanced combmatxon of the three, hOWever, would
be productlve of the’ greatest development, permit
mental exercise without strain and manual training
without waste, besides opening up new ﬁelds of thought
investigation and practice. :
While it is true that in all complex processes of
- calculatlon there are meéntal efforts, manual labors and
mechanical appliances, if the use of pen or pencil may
be included in this broad classification, we can properly
dlstmgulsh the three branches of Arithmetic, according to
the. predominating elements. Under the name of Men-
tal Arithmetic we may iriclude all arithmetical operations
in ‘which the mind performs the largest part of the
work, even if the pen or pencil or machine is employed ,
to make a note of the example or register the result.
We can properly classify under the head of Manual"
Arithmetic all processes of computation, which to a
great extent~depend in their execution on the hands,
" even if a considerable portion of the work is performed
mentally. Wé will appropriately designate as Mechan- ;
ical Arithmetic all operations in which mechanical ap-"
pliances are more fully utilized, though' the' head is-
needed to direct the movements of the hand. 'As a mat-
ter of fact, the three Ms are so closely related to each
other, and can be so intimately combined, that it is prac-
tlcally xmp0551ble to draw the dividing lines with any
degree of accuragy, that is to state absolutely where
Mental Arithmetic ceases, Manual Arithmetic com-
" mences or. Mec.he_mical,Arithmetic springs into play.



1" EXPLANATORY.

FHERE %s'pe;'haps no other branch of human knowl-
-1 edge of equally great importance and util .
o s received so little practical consideration on the

ing toeMechanical Arithmetic in general and comput-

in Dun’s and Bradstreet’s, and women .who have mas-
tered the Odyssey in Greek, betray an ignorance in this
direction which is simply appalling. ~And, as is usual in
such cases, opinions and judgments are continually ex-
pressed with so much energy and self-confidence; that
they would prove positively convincing, if they were not
. so terribly - 'unreasonable "and lamentably ridiculous.
Otherwise intelligent persons regard computing’ devices
as useless toys, some base theirsjudgment on primitive
.counters and permit it to cover the entire field of mechan-
" ical computation, others are afraid that it _might enter
the school rdomfor business office, and throw teachers
and bookkeepefs out of employment. To remove a
comsiderable amount of this lack of information and
plenty of préjudice is a part of the mission o'f’ﬂIi_s work,
_and to begin ith, an explanation of the terms used will

?rgve usefulf and instructive. Mechanical Agithmetic
orms that pgrt of applied mathematics which" teaches
the use of nfechanical appliances for calculdting pur.

poses, as wedl as”the scientific. principles underlying
their practicfl application. Arithmo-Mechanics, on the
other hand, deals with the mechanical .priaciples em-
ployed in thq- canstruction of comi uting devices, and
embraces in fts pcope the study of-the various appli-
ances used dnd lintended for arithmetical operations.
To illustrate:T The investigation of the different kinds of
- CarTying mechari sm, the arrangement of wheels, levers,
etc., evidently pertains to Arithmo®Mechanics, while the

invention of the Double. Complemental Scales, for in- -

stance, greatly siaplifying mé_chahical‘su})traction and

35 in particular. Men who. are ,rated “high”

rtance and utili’ty, which

s, educators and ‘scientists as that re- -

.
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division, and, to which we lay particular claim, is properly
Mz i rithmetic.

The word ““Arithmetic” is derived from the Latin: ‘' drs Metrica,”
yvhlch means “‘Métric Art.” Arithmetic,. the art of computation,
is the most elementary::branch. of Mathematics. The use of
‘the word appears first in the Sixteenth century. The art of using
Arabic numerals was ‘oriin:ially called in English A/gorism, or con-
tracted, . Augrim, from the Arabic, Al-Khowarazmi. which stands
for the native of Khwarazm (Khiva), a surname given to-Abu Ja'far
Mohammed Ben -Musa, an_Arabian mathematician of considerable
renown, who lived.in the Ninth century. His work on- Algebra (de-
rived from the Arabic: Al;jebr wa’l muqabala, which means: Con-
solidation and comparison,) first translated into Latin in the early
gar_t of the Thirteenth century, was the source from which Europe

erived the knowledge of the Arabic numerals. His surname, ex-
pressed in the Latin pa.raﬁ)hrase as Algoritmi, came to .be applied
to Arithmetic, in much-the same wdy that *‘Euclid” was employed
10 sﬁnify Geometry. . . .

“Mechanics,” the theory of machines and motors under the inftu-
ences of forces and restraimts; and ‘‘mechanical,” pertaining to
machinety, are both derived from the Latin, Mechanicus, which
means, belonging to contrivances.

The terms “Arithmachine” and “Arithmachinist” are
entirely new, and have been coined by ourselves to fit .
the importance and requirements of the occasion. They
are compound words, cgae meanings of which are easily
understood and explained. The %rst part is formed bgr

»
a

the root found 1n *“Arithmetic,” and the secon
“Machine,” is -derived from the Latin, - Machkina, -
device or contrivance. The word “Machinist”. de-
notes oné who tends, works or- operates a machine.
Altogether the combinatiens are characterized by what
constitutes-a “good name,” brevity, simplicity and ex-
pressiveness. In the mouths of many they have be-
come natural, every-day expressions, and some would
even be surprised to learn that as yet they cannot be
found in any .dictionary, no matter how elaborate and
complete. Will'dictionar§ compilers take this gentle
hint? These terms.are also easily translated into any of
the civilized foreign languages, without material change
in their orthography or pronunciation, which is an im-
portant advantage, when the stceessful introduction of
the Arithmachine in foreign countries is taken into con-
sidération. .. . . v

The selection of these names appears particalarly desi'rable‘, on
account oﬁhe fact that the middFe M is contained jn both words
making up-the combinations, forming a very smooth and flowing
connection. ' : ‘

-



HISTORICAL.

we possessed of the necessary compre-
hehsive knowledge and ability to_give a de-
tai‘Led and complete description of the count-
less rthechanical contrivances, which since
times immemorial have been designed and employed by
-man (or woman) for calculating purposes, time and inter-
‘est would be lacking with others. We will, therefore,
confine ourselveg to a brief review: or history of the de-
' velopment echanical Arithmetic from the earliest
ages to our own times, and by so doing record one of
-the most interesting chapters of human progress. )
The oldest and in some respects most complex “me-
-chanical” means used for calculating purposes are the
" human hands/ e nations of antiquity, the savages in
distant lands, -thd child in the nursery, and even the
expert accountant of to-day employs the fihgers to a
greater or lesser elxtent in order to facilitate and assist
mental compugation. In fact it is a serious fnistake to
suppose that f§nental arithmetic preceded Mechanical
Arithmetic. Fhe| first ideas of numbers were “unques-
tionably deriv@d from material objects around.us, and
the first calcations must necessarily have been per-
formed with mchhnical assistance. ‘“Pebbles in'chests,
beads on stringy,” ds a'well-known writer on bockkeeping
puts it; were thp fqundation of the accounting.systems of
the world. , ' : - .
When we iffyestigate the different mechanical appli-
ances which infdifferent ages and by different peoples
have been empiloyed to perform arithmeticaloperations,
- we must remenjbey that here as wellas in other branches
~of ‘human endeayor “history always repeats itself.”
And in making'thf& statement we do not intend for a
moment to conveyghe idea that~the most advanced in-
ventions of to-daglwere known by the ancients, but
simply that the hifflan race in different ‘stages of civili-
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zatjon, as well as civilized man in different periods of -
his life, passes with varying rapidity through similar-
-conditions and experiences. - Toillustrate: The methods
‘of computation employed by-the nations of the middle
ages, even. of those who laid claim -to ‘some eultivation,
the methods of calculation practiced by the barbarians
of to-day, the methods of accounting made use of by the
ignorant in our midst, as well as the first attempts at
arithmetic by infants and young children, bear a close
resemblance. .There is the S8ame limitation in mental
comprehension, the same lack of adjustment of medns
to gnds, the same difficulty in arriving at resglts. The
bookkeeper who was pronounced by his ‘empldyer
the “most remarkable adder,” because he could perform
the same addition ten times in succession and,arrive at
‘a different result every time, is a striking case in point.
The first computing device of which history “makes
any record was the “Adar,” a smooth board, sur-
rounded by a raised‘ border or ledge, upon which
the Greek schoolboys 'and accountants drew their dia-
grams and made their computations. Itsname is derived
from the first three letters of the Greek alphabet, A, B, L.
For writing’it was covered with sand, upon which marks
were-made with a stylusz This isthe mensa pythagorea of
classic authors. For aritbmetica‘l calculations the board
was- used, without sand, and contained the counters,
which werearranged thereon in parallel rows, represent-
ing respectively units, tens, hundreds, etc. About 600
B. C. Solon.refers to the denominations of the several
lines in a metaphor, comparing the various grades of so-
ciety to the values of the countefs in the different rows.
The counters were coins, beans or pebbtes. )
Arithmetic found its first development in India, but
.also the Pheenicians occupied themselves with it at an
early date, However, the name “Arithmetic” was given
in antiquity principally to investigations of the forms of
numbers, prime numbets, etc., while the >science of
‘reckoning or computatien was . calied logistic. The
-difficulty of computation was greatly, increased by. the -
clumsijness.of the Greek and Romnian systems of nota-
tion, which furnished one of the principal causes for
the adoption of mechanical devices, while those who
.could perform the four species of arithmetic were al- -



ready regarded as “Mathematicians.” The great ob-
stacle of a cumbersome system of notation may be real-
ized in the fact that Archimedes (287-212 B. C.)was un-
able to express or establish a more accurate ratio of the
circumference and diameter of a circle than 22/7 or
223/71.* - R ,

The Greeks emiployed the first nine Jetters of the Alphabet as the
nine significant figures of-the deC1mé]‘;1,ystem, the second dine letters-,
“£G s, -and the last letters for hundreds, Larger numbers were
ition or with the assistance of thé initials of the
ekaton, Chilioi and: Myrioi for 5, 10, 100, 1000

and 1o0000:  Latérion miiltip

,  Laté 'multiples were also indicated Ly placing signs
over or under the figures written. .
:~The Romansiused the Capital letters I for 1, V for 5, X for 10, -L.
-for 5o, .C for 100:and D for 500; and by placing a lower naumber to_the -
left ot 'a-higher a negative meaning was given to the former. Thus"
the year of the invention of the Arithmachine would be expressed as
MDCCCXCVLIL. Larger numbers were indicated as follows: 5ooo,
g):): 10000, CCIDY; 50000, CCIDDD: 100000, CCCINDD: 1600000,
CCCIH3DD. Intheearly centuries of the middle ages the Roman
) 71 notation was considerably simplified by the

: —7{ utilization of columnar rulings, indicating the
M| C | X |1 | relation by placing numbers at the top. Not
= —===1" only addition, but also the other species ot

IV I IT | "arithmetic_were performed in an analogous
- 1v| I |111 | manner. The use 6f the cipher was still un-
: known, and the corresponding-places were left

IX|{ vacant, resembling our modein ~mechanical

1Ir 1 notation, in which ciphers are also practically

—|—— |+ | iignored. The Roman notationisnow emploved
v lix | - |vi| |on clocks and watches, monumental inscrip-
- :— ltions, for numbering volumes and marking

"

o objects with brush or chisel;- therefore a
Jknowhddge of it emains both interesting and useful. .- :

_ The sciengg of arithmetic is supposed to have béen
introduced fgpm: Egypt into Greece by Thales, about,
only mathematicians of antiquity whose
een preserved are Euclid,-who lived at
ut-300 B. C,, and who treats of arithmetic
-gth and 10th book of his E/lements, alto-
g ing of thirteen books, which are prin-
cipally devotdd to géometry; and Diophantos, who also
lived at Alegandria, probably .in-the fourth century
B. C, and whose chief work is 47éithmetica. From the
first century B, c. we* have 'Nikomachos’ books on

(1824-1861), the notedierman Lightning Calculator; to 200. and Prof.
Richter of Elbing tofilo decimal places, viz.: 3. 1§592_65358979§23846-
o

" *Ludolf van Ceu%it53q—1610) computéd it to 35, Joh. M. Z Dase
26433%32765028841971 . .4 . too numerous to

ntion.
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arithmgtic;deiroted largely to the torms and properties
of numbers. In the sixth century Anicius Manlius
Severinus Beethius (475-524 A. C.), a Roman phil-

osopher, wrote two books on arithmetical subjects. The:

Hindus, particularly,~excelled in arithmetic and alge-
bra, and their best known writers were Aryabhatta
(about 500 A. C.), Brahmegupta (about 600 A. C.), and
Bascara Acharya (about- 1150 A.:C.). The so-called
Arabic 'Notation was known in Hindostan as early as
the sixth century, and was introduced into Arabia about
goo A. C. i ~ -
~ The mathematical scienees- flourished among the
. Arabs, and from them, partly through the aid of Jewish
- scholars, they were carried into the European countries,
surrounding the Mediterranean. . ,
. Among the most noted Arabic mathematicians were
Abu Ja'far Mohammed ben Musa (died 820 A. C.);
Thabit ben Korrah, also in the ninth century; Omar ben
Ibraham (died 1123 A.C.) and Ibn al Haim (died 1412 A.
C.) Some of these wrote algebraical books in verses.
In Geometry the:Arabs followed the Greeks. Al Bettani
‘introduced In 412 A. C,, the use of sines instead of

chords, which greatly simplified trigonometrical opera-:

tions; Ibn.Sinan (died ¢46 A. C.) investigated the prop-
erties'of conic sections; Hassan Ibn al Haitham (died
1038 A. C.), earned the hy-name “Euclid of Arabia,”
Abulkasim Ali Ibn, Afla.(died 1140 A. C.), wrote a com-
. mentary of the trigonometry of Ptolemy (the Alexandrian
astronomer of the second century, whose mathematical
work “Syntaxis” was called by the Arabs A4 /magest); and
the Persian Nasurredin (died 1273 A. C.), undertook a
complete Arabic translation of Euclid, which is still in
existence. Jewish scientists partly preserved - their

- mathematical knowledge in the collective work called

‘the Zalmud, composed of the Misina and Gemara, which
were compiled between the first century B. C., and the

Y

sixth century A. C. Later writers of special renown are:

Salomon ben Isaac,.(1040-1105) also called Rashi; -Moses
ben Maimun, (1135-1204) also called Maimonides or
Rambam (A47r. Abu Amram Musa _ben Maimun Obaid
- A#ah), David Gans (about 1540 Al C.) Simicho Luzzate

(1600-1650), and others, scattered through Spain, France, -

- Hollad, Germaty, Italy and. Greece, and wltose mathe- -,



matical investigations.form a part of the developmént
of the countri ‘which they found a home.
| “abacus’ is shown in the accompanying
1, It iconsisted of a rectangular board upon
- . which were fixed a num-
er ofwods carrying mov-
ble ‘b?ds. ‘Thyereg were
' eads, on the long
"and one bead on each
ort rods opposite,
‘ shorter rods to
~ the right were used to ex---
press fractions. The beads
~ on the long rods, marked
— O, indicated ounces; I,
- e - . units; X, tens; C, hun-
dreds; etc., an ise on the short rods at the top five

=

tilnes these quantitjes. Before beginning a, computation
all‘beads were placéd at the nearer end of therods, and
numbers were represented by moving the beads to the
-opposite ends of the corresponding rods. Several var-
tetres of instruments are represented on the ancient mon-
uments. The Latip “calculus,” from which we derive
our word’ “calculale,” was the diminutive of calx, a -
stone,’ and referred| to the pebbles which formed the
counters of the abacs. - ‘ '
From the flat poard with shifting counters arranged.in
rows to a board Jith grooves, in which the pebbles were
rolled, was an fasy step. Afterwards, we find -pellets
strung upon wiges,land in this form the Chinese have
qsed- it for ages.} The origin of the Chinese abacus, or
Suan-Pan, as it talled by them, has:been supposed
to be the “knotted cord” -
used in China for keeping
accounts before the in-
vention of writing, also -
the mode of keeping t
Chinese Tung-tien, or péer-
forated, ¢oins which are
strung upon a cord.
But vrnot only in the
“abacus,” alse . in the
writing of numbers, s
well as in the system of .

FYTEYIVY VEY
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notation there exists a wonderful resemblance between—
the Romans and Chinese. The latter employ horizontal
lines (—) to -indicate units and "upright crosses (-}) to
denote tens, while the fqrimer used vertical lines (I) to
express units and slanting crosses (X) to represent tens.
This'may be accounted for by the studies of . Pythagoras

- (582—500 B. C.),a contemporary of Confucius, in India,

and the subsequent instruction of Numa in the school

founded by the sage of Samos in Crotona, a city of

Magna Grzecia (Southern Italy.) L :
The great advance of the Hindu or- Arabic system

of notation consisted in giving-a place value to the fig-

.ures. «In Sanscrit, the initial letters of the names of numi-
‘bers are employed from 1tog. An explanation of the

Arabic potation in an imperfect form, without the o, the
places being indicated by means of ruled columns, can
be found in a Latin Geometry, attributed to Beethius,
who died about 524 A. C. The original zero was a
dot, and the Greek letter omicron (o) was afterwards sub-
stituted, forming our nought or cipher,a word derived
from the Arabic 7sapkoera, which signifies “void.” The
same root is found in the Latin ZepAyrum (by association
with Zsphyrus, the west wind, poetically regarded as the
gentlest of all sylvan deities), Italian }qﬁro, contracted
Zero. ‘The German Zzffer, which means figure, can .be
traced to the same root. “Nought™in common parlance
is frequently designated. as “nothing,” while in reality

it represent§’ something, viz., the smallest imaginable

quantity. The decimal and duodecimal systems of
notation were ‘used by the Egyptians at the earliest
period of their known history. The Assyrians counted
by sixties as well ag by hundreds. -

The abacus was probably invented by the Chinese,

-and passed then westwardly through India and
. Arabia to Europe, the evidences of ancient trade in this

direction being found at both.ends and interme-
diate points. The glass bottles with Chinese inscriptions,
found ,with Egyptian mummies, prove the: existence of

. .trade relations between those nations, previous to the

founding of Athens, and somewhat undermine the myth
of Pliny as to the discovery of glass'by certain mariners
of Pheenicia. The compass, gunpowder, the art of glaz-
ing pottery, making paper, producing felt, etc., they all
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came to us from ‘the same source, and along the same
route, and so it seems that we are indebted to the Chirdese
for a great deal more than ruining our shirt‘collars.

- The Oriental ;system of notation was introduced in
Europe by the Arabs and is commonly credited to them,
but should be more properly called the Indian, being de-
rived from the Hindus, and carried by the Saracens into’ -
:Spain, .Gerbert of Auvergne, educated at the Univer-
sity o rdova, which was founded in 968, became suc-
cessively - a  schoplmaster ‘at Rheims; (where he intro-
duced the abacus, the Arabic'numerals, the clock, the
organ and the glabe,) then Archbishop of Ravenna -and
finally Pope SylvesterII. He was the first to use the nine
digits and a cipher,-of which William of Malmesbury
said that they proved “a great blessing to the sweating

calculators.”

The 0 and nine digits ire supposed to have been originally derived
from the circle and two diameters, at right angles to each other. The,
crude form of every figure can be easily traced with this diagram as-
a foundation. o -

__The accounts of the kings of England, before the
Norman conquest, were calculated by rows of coins, dis-
posed,as in the abatusgand after the conquest anamplifica-
-tion of the idea was Mtroduced, the computations being
performied by-the Teller, at a large table, called a'Sacca-
riwm. This had a ledge around it, and was covered by

black cloth ruled with/chequer lines, from which the word.
exchequer, as appled| to English national finances, is de-
rived. The first baf advanced by dozens (pence), th&dec-
"ond by scores (shiflings), the higher denominations %y

tens (pounds). THffe accounts of merchants were kept
Roman numeral§ until the close of the -sixteenth
~century, and the @se |of the abacus remained a branch
_of popular, educatipn.! Offices for changing money came
to be indicated by a jchequer-board, and the sign was
iafed by inn-keepers, showing- that

afterwards approf :
people met at suclf places to settle accounts, a friendly
e to “mine host.” ‘

drink being a trib . .

The Zally syste as introduced in England with’
th¢ Norman conquegt, (1066) not for calculating, but
for keeping account§R The name-is derived from the
French failler, to- cufdthe tally-stieks. being ‘cut and,
notched -with a knife,jiinall notches representing pénce;
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each portion; one part was laid away in the strong room,
the other was given to the creditor of the government.
When the persan called:for payment his portion of the
stick .was laid against that in possession of the excheq-
uer, and if they tallied the claim was paid. A -safer

was then split longitudinally, so as to exhibit the markson -

method -of “proving accourts” can hardly be imagined,-

and compared with it our,modern facilities of fraud, such
as chemital ink’ erasers, loose sales sheets, etc., are
in painful contrast. This .system survived the intro-
duction of Arabic numeralsinto England about 670 years.
In 1834 the pile of sticks in companies, regiments and
brigades: that had accumulated was something terrific,
and a stove in the House 'of Lords was selected as a prop-
er place for the cremation.of this relic of the past. Un-
fortunately the chamber caught fire at this occasion,and,
.communicating it to the House of Commons, both were
burned to the ground. . ‘

A translation of Ptolemy, published in Spain in 1136,
used the Hindu notation, -and Hindu numerals, or the
Arabic-figures, as they are called, were introduced in
Italy by Leonardo da Pisa, born at, Pisa in 1175, who
studied mathematics in the “Orient, and was the first to

applyalgebriical formula$ togeometrical demonstrations. ‘

His real name was Leonardo Bonactf, more frequently
‘known as Fibonacct (filius Bdnacci).: His treatise, entitled
“Algebra .et -Almuckabala’ somewhat resembles the
older work of AZKhowarazmi, who obtained:the Hin-
du figures from India or Afghanistan.” In his “ZLiber
Abaci,” published in 1202, be explains the idea of place
value in the Arabic notation. Arabic figures, though
_ widely differing in form, can be found in writings of the
eleventh and twelfth centuries; they were introduced

T

into England‘in’ 1253 and employed by Italian mer-

" chants in the thirteenth century. But they are seldom
met withiin scientific works even in the fourteenth and
fifteenth .centuries” (another *instance of educational

. lethargy), and did not become generally known before

' the.16th centurv. _ : .
 The banca of thé ftalian money-changers of-the thir-
teenth, fourteenth and fifteenth centuries contained an
arrangement similar to the abacus, and from this table,
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which was also supplied with a money scale and test
~ stone, our modern financial institutions derive the name.
~ With the improvement in the system of notation the
science of Arithmetic underwent considerable develop-’
. ment. John de Sacro-Bosco (who died. in'1226); wrote’
. Algorithmus seu Arithmeticae i uctio, and his con-
temporary | Nemorar iled an extensive
' ‘in 1514-in Gothic

, écioﬁal’ Borgo
xoteif’a book, treating ‘ofvarithmetic "and
’ %}c;sixteenthCentury we find the highly

. geometry;an
. eSteemed classical work of Adam Reese, who carried
S EF(Qggh,,propqrtio s with the assistance of straight lines.
..~ The chain-rule and partnership calculations were taught
. in that century, the latter by Petrus Apianus, bétween
"'~=""1527 and 1540. Thelabors of Purbach, Mueller, Stifel -
 and Duerer in Germany; of Ramée and Vieta in France;
~-and Tartaglia, Bambelli, Cardano, Ferro and Ferrari of .
-, [ltaly, the latter particularly in the sphere of higher
- equations; fall also into this period. ‘ o
- Decimal fractions were first employed by the cele-
brated mathematiciag Simon Stevinus, of .Bruges, Bel-
. gium, in ‘1585, But{ their beautiful simplicity was
obscured by ‘the cumbgrsome notation he adopted. Thus,
* ~ * for the ‘number 258.367 Stevinus would have written
; 258 (0) 3(1)'6 (2) 7 (3), the small encircled figures indicat-
.- . Ing the number ofgciphers following the gure 1inthe -
" '~ denominator, of thef equivalent common fraction. Jahn
Napier, the famoul mathematician, barn at-Merchiston,
-near Edinburgh, a contemporary of Stevinus, retog-
nized the importange of decimals and at the same time
the abselute necesfity! of reducing their notation t6 a
more practicable Yorm. - An example -of their tse in
division was expre by him in the following form:
' .86I’QQ4' - '

i T
: s , 432 C )
- and the quotient, gs 1993,2’ 7" 3"”; but in.a subsequent _
. work he employs the decimal point systematically and
©fully defends its use. { The decimal point appears to
~ have been used by 'Nglier in his “Constructio,” in 1619,
.~ - while the jdea of writif it above the line is credited to ,
- - Newton. - Yet consid le time elapsed before the

;i
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 decimal point was generally ‘adopted. In. medieval"
Europe a unit was ‘divided :into’ twelve or sixty equal .
" - parts, the first being derived from the Romans and-the °
. second ffom the Babylonians, and this use of duodecimal -
; and sexagesimal fractions, of which there are still traces
found in our weights and measures, diverted ‘the” atten-
tion of mathematicians from the discovery and adoption -
of decimals. L " ‘ o :

In algebra the use of exponents was also unknown.
Harriet, in 1631, simply repeats-the letter, expressing
x®, simply as xxx. Herigone, in 1634, used figures af-

. ter the_letter, x2 for x%. Descdrtes first introduced the.
inodern forms, but to Newton belongs the credit of hav<
ing  fully understood the fmportance of exponents,
“which led to his celebrated binomial theorem. Mathe-
_matical writers of the 16th century employed a variety
- .of methods for indicating radicals -or roots, and their

modern notation was not introduced before 1633.

. 1A TA In 1614 Napier pub-
. : lished the first account
' ofrjal3fsls]617}1219R of his great invention of

! XB logarithms, in the “Mir-
) A>B  ifici Logarithmorum
. : ES ' ‘camonis. descriptio,” and
3 also explained their use
< in trigonometry. To Na-
pier is also atpributed
< 2§ the invention of a con-
22 \Y trivance; known as Na-
ier's Bones, deseribed in‘his “Rabdologia’ in 1617, but
in fact first mentioned in the arithmetic of Oronce Finée
- in 1532, and intendéd to facilitate nraltiplication and
division for those who do not have perfect command
_ over the multiplication table. It consists of a number of
rods made of bone or other madterial, the face of each
of whichis divided into- nine little ‘'squares, and: gaqh
square.gxcepting those at the top, further subdivided
by a g’gonal' line into two triangles. These little
: $quares contain the successive multiplies of the num-
: ber in the first, the figures in the tens and units places
being separated by the diagonal luﬁes. There is also an
index-rod, shown to the left, the squares of vyhlch
are not subdivided. To=multiply 789 by 6,  for

i
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instance, place three of theé “Tods, together—so—
that the top numbers form- the multiplicand, then”
look on the index rod for 6, the multiplier, and on the
corresponding compartments of the,three rods' the fol-
lowing figures will be found ranged into two lines to
distinguish units and tens: 284 ‘ . e
; ! 445 which added together

‘give the product: . 4734
Division is performed in an analogous manner.

- In the seventeenth century Henry Briggs (1561-1631),
the inventor of the common system of logarithms; Vlacq,
the author and cqmpiler of the first extensive trigono-
metrical . tables; theé French mathematician, Pierre ‘de
Fermat (1601-1665), who occupied himself with investi-
gations of the:peculiarities of numbers, as well as Kepler,

-Cavaleri, Descartes, Wallis, Huygens and Galilei, areall
deserving of special mention..in connection with the. ad-
vancement of arithmetical science. o .

Blaise Pascal in 1642, and: when only 19 years oid,
was the first to construct a computing machine with ca-
pacity to perform addition, subtraction, multiFlication'
and division, which fqrmed the basis of many calculating
‘devicgs of later daysy It consisted of a train of wheels
'n,umberpd from o toYg, and geared into each other to
represent units, tens, hundreds, etc., very similar to the
usual registering device for gas meters, and thoroughly
described’ in Didefot’s famous “Encyclopédie’ (1751-80):.-
Samuel Morlan§ published a treatise in 1672, in
which he describe tvq)o arithmetical instruments for per-
“forming addition #hd subtraction. Then followed G. W.
v. Leibnitz, the in nt#gr of the differential and imtegral
calculus, in 1673, Holoni in 1719 and Leupold in- 1727
the latter describiflg in his““ Zheatrum Arithmetico Geo-
~metricum,,; his owh improved computing machine and
those of his predegessprs. . :

Sir Isaac Newfon }(1642-1727), the discoverer of ,the
method of fluxions] Lionhard Euler (1707-1783), a Swiss
mathematician, who became blind in his later days,and
then perfogmed 3ab rate calculations mentally; and’
Joseph Louis Lagfange (1736:1813), a French mathema-
tician, whose princi works aré “Mecanique: Analy-
tique” and “Theorie'dlls fonctions,analytiques.'’ are the.
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eighteenth century.- In additjon to. these Bernouilli;
Taylor, Wilson, d’Alembert, Carnot, Laplace, Legendre
and others have been active workers in different branches
of mathematics in the closing years of the eighteenth or
the first part.of the present century. T
S At the beginning of
- ~ our century,now draw=-
ing to a close, the
computing machine
-+ of the English mathe-
. matican; Charles Bab-
bage, created quite -a
sensation in scientific
circles. The idea of
produciiig a machine
which should perform
the drudgery of arith-
metical  calculations
first occured to him in -
1812 at Cambridge,
and in 1822 he com-
pleted his first model.
In 1823 he began the
construction of alarge
thachine for the Brit-
ish government, -and
. . continued it until 1833
~when operations were suspended on aecount of the heavy
expénditures involved, which thén amdunted to £15,000.
The finished portion, shown in the accompanying cut,
is about the size of a square piano-and is still to be seen
in the library of King's College, London. This renowned
_but unfinished machine was not intended for the -execu-
tion of ordinary. arithmeétical operations,but particularly
_for the computation and printing of special tables. It is
based on a peculiar arithmetical’ principle. The differ-
ences between thé successive numbers 1in a tableare em-
ployed to construct the table itself.. For instance in_a
table of square humbers: I,4,9,16,25, 36,49, 64, etc., the
" successive differences bétween the first and second, sec-
ond and third,.etc., are 3,5,7, 9,11, 13, I5, €tC. Thisseries of
_first differences, viewed in a similar manner, presents us
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~with'the 'remarka'ﬁféi-senes,--wz,:%;z;‘2',~ 2,/¢tc. The cubes 1,
- 8,27,64, 125,216, etc,, give the first differential series, 7, 19,
37, 61,91, etc., the second,’ 12, 18, 24, 30, etc., and the
third,:6, 6, 6, etc., again entirely uniform in appearance.
Now it is found-that- almost all numerical tables when
thusanalyZed resultat lastin very simple series, which by
-addition will produce all the numbers of the required
table, T 1 1anical means Bab-
ential Calculating Engine,
thre 5, each containipg six wheels.
r the figures 0 to g on their eliges, and re-.
vertical axes. Toothed wheels, behind the
-acting on these, wedges to - withdraw
ers regulating theiraction, etc., make up
iry assemblage of complex mechanism. .
The lower wheel represents units, the next tens, and so
~on, the last tens of thousands. On the right hand col-
umn the table to be calculated is expressed; the second
is the first difference  column, and the third the
second difference column, by which the differences
are calculated and indicated. To give some idea of the
peculiarities of Bahbage’s eccentric genius.it will suffice
to state that he believed his machine to be endowed"
with almost human faculties, particularly evidenced
in its carrying mechanism, through which each  wheel
‘“remembered not only when to turn,” but “knew before-
hand when its turn came.” He also referred to the machine
as “calling for a table when it needed it” and “refusing to.
accept the wrong table from the attendant.”

Babbage’s Difference Engine served in turn as model
for a Swedish calculating machine, commenced by George.
Scheutz of Stockholm in 1837, and completed with the as-
sistanceof his son Edward in 1843. Itwas brought to Eng-
land in 1854,received a prize at the Paris Expositionin18ss,
and was afterwards bought for the Dudley Observatory,
Albany, N. Y., for £1,000. The British Government au-
thorized- Donkin to construct a similar machine, which is
reported by Airy to have computed and stereotyped in
one hour and fifteen minutes a table, the completion of
which required two hours and fifty-five minutes in ordi-
hary computation. - . . :

In the first half of the nineteeth century the science
of arithmetic has been materially advanced through the

¢
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? 14
auss, Jacobi, L
Vega and'pthers. ¢ »
. The Arithmometer of Thomas of Colmar, Upper Al-
isace, was the first practical machine for computing the
four species ever produced. Though complex in its

Ny construction 1t is easily
manipulated, uniform
and durable in its opera-
tion and readily un-
derstood. It is about
twenty-two inches long,
‘nine inches wide and
three incheshigh, weighs
about twenty-five pounds,

aroix, Riemann, Schloemilch,

~ and::f:f‘sf}i"oizerated by means of a small crank. According

to sike it gives results ranging from ten to twenty places,
and'is particularly adapted for multiplying and dividing.
The working mechanism consists of a series of cogged
wheels, which are engaged by pins or stops-attached to
the shifters, which are projecting buttons in slits, called
figire-grooves. To operate the machine each shifter is
set at a point in its slit, marked with the corresponding .
figure of the number to be registered; and by setting the-
machine and turning the crank we add or subtract the
given number as often as desired. The construction
and operation of the Thomas Arithmometer was fully
described by Reuleaux in a manual published at Frei-
berg in 1862. Similar ma-
chines were constructed by
A. M. Hoart of Paris, and
by Jul. Masseur and Ru-
dolph Dobesch of Vierna.
J. B. Alexander of Bal-

" timore, Md. patented in
1864 a computing machine,
consisting - of numbered
wheels, moved by handles,
sweeping in circular axes.
It performed the operations
of addition, subtraction,
multiplication and division,
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~_ Another form was similar to the arrangement
~of gas "registers. The different wheels were: en-
gaged on separate axes :and usually carried
the numbers on  circular ‘faces. - A revolution of
the  unit wheel gave one-tenth of a revolution to’
- the wheel registering ‘tens, and so on.- Thé numbers of

ot ' .the ‘wheels also appeared
n the openings of the slit
~and were readV consecu-
tively. - .

- Still another type of cal-
- culating mechanism was.
e et designated ' as the Disk
« Arithmometer, in which disks of varying diameter over-

CEE ’ . lie each other and communicate

motion to e€ach other in regular
~order, the units to the tens, the tens
. -to the hundreds, etc. The prindi-
ple was substantially similar to
those previously described, but the
" device had a compact appearance
: gndl the results were reé&) from a
ial. ‘

Davies' Computing Machine,
patented in 1867, consisted of a num-
ber of sectional belts connecting a
series of figure and master wheels.
The’ sections of the belt were per-
: - .- forated so as to be moved by a peg,
the selection of the place for the insertion of which be-

; ing assisted by rows of
numbers on  the -case.
. This device, as.far as
our knowledge extends,
ce ' ¥ has never entered the
market, no doubt on account of its primitive and defi-
c¢ient construction, which on the one hand caused more
friction than could be ily overcome,and on the-other
uous disarrangemerit of the link-

Among the better known mathematicians of . the sec-
ond half ~of the nineteenth century, who have: paid
special attention: to'grlthmetical subjects, are to be
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named Ber%er, Cayley, Clifford, Scherk, Staudt, Steiner, -

Sturm, Sylvester; etc.

- In more recentyears the invention of abbreviated and
contracted methods of computation, which: are specially
adapted to- B;acticalv requirements (Commercial Arith-
metic); the ‘Compilation of an endless variety of tables

for mercantile and scientific purposes (Tabular Arith-

for!

.metic), the utilization of certain properties of numbers
oving accounts and verifying results (Detective

Arithmetic), the application of simplified processes to

statistical work, calcu

lations connected with national

debts, bond issues, etc. (Political Arithmetic), the adop-
tion of better facilities for the instruction of the blind
(Palpable Arithmetic), as well as the introduction of
greatly improved and perfected" mechanical appliances.
(Instrumental or Mechanical Arithmetic), mark the prog-
ress of a science which has hardly kept pace with human-
development in other directions: Among those who -
contributed to the various -departments of arithmetical

evolution, and assisted in
advancement, the names
Davis, Dean, Dyrenforth,

.

bringing about our latter day
of Bryant, Chapotin, Clarke,
Eaton, Haines, Hansen, Jen-

nings, Kathrein, Ladd, Lane, Myers, Olney, Packard,
" Preston, Robbins, Sexton, Sonndorfer, Soulé, Spitzer,

Ware, etc., and last, if no

t least, the humble author of

this work, are also worthy of record. ,
This brings our jaccount practically up_to the

present timie, in - which
. multiplicity of deviges
poses, some mere toys,

we are confronted ‘by a
intended for calculating pur-
others remarkable specimens

of mechanical skill * and genius... And while the
highest type of man has learned to employ ma-

chinery in almost every

line of effort, knowing that

thereby better results can be accomplished and less

vital energy expended, in

the field of arithmetic the vast

‘majority still adhere and cling to the brain-racking and

_nerve-destroying mental
paper, pen or pencil. ‘W

methods, crudely assisted by
hy?. Partly because ‘in some

respects, in spite of our boasted civilization, we have re-

mained barbarians, and
chanical aids, furnished u

principally because the me-
p to the present time for the

work of computation, have been either too cumbersome,
expensive, impractical, inconvenient of unreliable, or

all of these combined.
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and , distinct = types of calculat:
either in contemporary use or at
; ‘or memory of the present genera-
S the subject matter of the following pages.

: in.w
‘available arithmetical mechanism, .the human  hands.
~The ten fingers, promptly and easily responding to the
.impulsesemanating from the brain, would indeed furnish
‘an ideal means of computation, if a carrying and register-
‘ing mechanism had “been provided. They explain bet-
ter than all the books.the origin of the decimal Sys-
tem, and are' em
aids in simple computations. The semi-civilized Indians
of Guiana, for instance, count by the hand and its four
Jfingers. Thus, when they reach five, they call it a “hand.”
"Six is, therefore, a “hand and first finger.” Ten is “two
‘hands;” but twenty, instead of being “four hands,” is “a
man.” Forty is “two men,” and thus they go.on by twen-
ties. Forty-six is expressed as “two men, hand, and first
finger.” : ' : ’

We also take once more
‘notice of the modern form of
the “abacus,” the' numeral

sisting of beads or balls; strung
on wires or rods set in aframe,
and supplied with a handle.
- The illustration shows the de-
_vice arranged for decimal
- counting. The number indi-
cated by the beads on the right
hand of the frame.is 198,764,
and it will be readily seen that
- by transposing the beads to one

A CLASSIFICATION and description of tfie most

¥

e take occasion to refer to the most widely

ployed instinctively by young and old as

frame in our own elementary |
mgtruction, a contrivance con- . .

3
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side or the 'o'ttgar, as required, either addition or subtrac-
tion may be rapidly performed. The Stschotu of the
Russian shopkeepers, and the Suan=-Paan or reck-
oning board of the Chinese are more or less iden-
‘tical in principle, and are "both used as counters
to register thesrsuccessive stages of a mental opera-
tion. *The sum shown in the - ’
annexed engraving of a -
Chinesey abacus is 5,196,301. -
Upon'elch of the nine wires,
which extend across the frame,
there are seven counters, five -
in the largér and two in the
smaller divisions. FEach
counter in the smaller division
represents five times as much , .
‘as oné€ upon the same wire in the larger, and the counters
are moved toward the center partition, if it is desired to
register an amount. It is employed by the wealthiest
and most intelligent Chinese’ merchants, who perform
difficult calculations with amazing quickness and accu-
racy upon this primitive device, which only serves to dem-
onstrate the great possibilities of arithnietical ma-
chinery, when properly developed and utilized.,

An ingenious device, somewhat related to the preced-
ing, is called the Lightning Adder. It consists prin-
cipally of a horizontal and perpendicular rod with but-
tons on the lower rod rejpresenting units.and buttons on
' the upright rod representing tens.

THRe buttons on the perpendicular
rod\are placed above the dropper
and the counting of the buttons on
the "horizental rod is always com-
menced . at the outer end, and
when the inner end is reached, the
count is continued to the outer
end of the rod, thereby making -
the unit-counting continuous. The
_units buttons are moved with a
firm push to make the dropping
‘ of the tens automatic and certain.
88> The number of tens added”are
read from the vertically disposed
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scale, and the units counted on thé horizontal rod.
This contrivance excels the abacus in carrying the tens
automatically, but being only a single column adder its
practical utility is limited. L
Next in order are the disk computing mechanisms,
the most-primitive of which is known under the name of
B . Stephenson’s or the Per-
~ fection Adding Machine,
. high-sounding g#title, if.
what the device ac-
complishes-is considered.
It is composed of two
disks, which are decim-_
ally connected with each’
other and which contain
e i b o small " circular holes for
the insertion of the point of a nail or pencil. It is only
adapted for adding a single column at a time, and has a
: i - - ‘total capacity of 200. -
" Another disk device, recent-
ly offered, is. ‘the Lightning
Adding Machine, so called,
consisting of alargeanda small
disk, the former serving toreg-
:ister numbers up to Ioo and
the smaller carrying the hun-
dreds up to 2,000. Itis essen-
tially a double column ma-
chine, but+ts greatest objection
is the multiplicity of ~holes,
which is rather confusing, and
the looseness of the disks,
-~ which do not permit of accur-’
ate and reliable manipu- °
lation. Perhaps the most
perfect of all disk devices,
from a mechanical stand-
point at least,is Webb’s
Adder, which has a ca-
pacity of three columns; is
similar 'in construction to
the former, but registers
the entire sum in a square
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Jpening betwken the two revolving disks. The objection
toall disk devicesisthat their manipulation requires acir-
cular movement of stylus or pencil, which is unnatural
and awkward, and the annoyance caused by the necess-
ity of separately resetting each disk to cipher.. Their
capacity is aj#o circumscribed on account of the lim-
itations in the practicable size of the disks.: ‘

A separate and distinct class is formed+by the tape
contrivances, of which McClelland’s Adding Ruler
represehts perhaps the best known example. - It con-

o . ' , .
sists of a 15-inch ruler with a longitudinal slit, contain-
ing an endless tape with equidistant holes, correspond-
ing to a double scale on the upper surface of the ruler,
ranging from 1to 45 and 46 to go. The movement of
the tape the entire length of fhe slit, about 14 inches,
registers 45. Numbers between 45 and go require two
and between go and 1oo three movements. = An opening
at the right-hand end of the ruler registers the units and
tens, and a hand and small circular dial the hundreds.
The extreme length of the movements and the destruc-
tibility of the tapes and circular holes are its- most ob-
, jecfionable features. ’

ore complete in its arrange-
mekt, but hardly better in its work-
ings), is Jewett’s Calculator, having
seven tape-bands with figures print-
H. ed thereon, which show through the
¢ ‘small openings at the head of the
¥ . device and indicate the result. Cir-
_cular holes and a pencil are em-
ployed for moving the tape bands
and number scales serve. as guides.
The outer case is of aluminum and

" “about one inch deep. THhe carrying
of tens is accomplished by a men-
tal process, which sacrifices the
most important advantage to be
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- derived. from the .adoption of a_computing machine

Similar in results and general arrangement, though
‘Somewhat more durable, are the bar computing devices,
socalled from their utilization of returning or recipro-
cating bars. The Universal Adding Machine, consist-
' ingof 8 parallel bars witl holes, and en-
e SR : o " “closed in a case 4%, inches

wide and g¥4 inches long, is
probably the simplest de-
viceof the kindg. A series
of number scalds serve as
guides - in- operating this
contrivance, and the carry-
- ing is accomplished by a
' straining. mental process,
7 i - which directs the move-
- ment of the bars to the right or left, adtording to whether

i,

the plain or the marked surface of the bar is exposed at
the point where the desired figure is to be registered.

Higher types of machines of thisclass are represented
~ : © by W. H. Wilson’s Adding
Machine, patented July 1g,
1892, in which a series of
parallel and indexed bars
are actuated by the operator
and returned by gravity; P.

J. Landin’s, patented, Sep-
tember 6, 1892, which em-
ploys parallel bars and re-
turning spiral springs; and
K. E. Wiberg’s, patented
March 26, 1894, employing
— = “rack plates, rocking num-
. , ber plates and pawls inter-
vening between the rack plates and the number platés,
springs for giving end motion to the rack plates and a
pusher for returning the rack plates to their normal
, positions, number rings
and gearing intervening
. between the rack plates,
L and number rings, etc.”
This description, which forms a part of one of the pat-
ent claims, clearly indicates a complexity of construction

A0 Uy .

o
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likely to réS{lt in mechanical difficulties and arithmetical
' : ~ inaccuracies. The prin-

o 14 Jalafs v s - cipal defect of these ma-
o : ; jultiy g:hgnes is the character-
g : g3, - istic feature of rebound-

Pl = T ing bars, which are:

v . noisy, confusing and un-
reliable when rapidly operated, as well as the weak-
ness and insufficiency of the carrying mechanisms.
Cr}nk machines, not those invented or operated by
cranks, but the type of computing machines, in which a
revolving crank forms an essential feature of .construc-
tion and manipulation, are particularly adapted for the
processes of multiplication and division, and in this re-
spect outrank any other kind of calculating instruments
yet devised. - At the head of this class, considering age
and originality, stands Thomas’ Arithmometer, de-
scribed and illustrated in the preceding chapter. To
multiply, for instance, 4,562 by 394, we move the shifters
on the figure plates until they represent the multipli-
cand, then the crank is turned four times for the units
figure -of the multiplier, the slide is' then moved one

place to the right and the

. —qn crank turned nine times
- _ S _J‘»} for the tens figure of the
—_— et = —

oeseeeeeee e et

multiplier, then the slide

LERPP is again n}llovedd o}?e placl({e
% T L to the right and the crank:
Yo l? 1 ul_lw_&“ turned t}glree times for the
L= i— hundreds figure of the
: ‘ \) multiplier. In this exam-
ple the crank would be turned sixteen times, when
the product 1,797,428 could be read from the disks on the
slide. With a maximum speed of about four revolutions -
per second the above example could be easily solved
' ' on this machine in five

seconds. Practically the
same machine is made by
Tate of England, and A,
Burkhardt of Germany,
the latter considerably
improved in workmanship
and durability and offered

=




in this country under the name of Reckoming Ma-
_chine, enclosed in a highly finished. box, and-weighing
ut twenty-five pounds. “Another machine of some-

it similar con he invention of Willgot,

' nown in Ger-

y mafly govern-
1 1siness- institutions of
achi mple in construction, sub-
and compactly put together, ghe ‘accom- -
ition” giving an excellent idea of its

ific- an

erated computing machine is the
I'. Baldwin, of which only a very
been made. It isone of the small-
est machines of this type
ever produced, and rep-
.resents a most ingenious
though delicate speci-
men of mechanical con-
struction, consisting of a
series of toothed type-
wheels combined with a
. S e cylinder, carrying teeth,
which admit of being adjusted to revolve one or more of
said wheels. A screw shaft and locking device, where-
by the cylinder may be rotated with the shaft or retained
while the shaft rotates, and disks having a frictional at-
tachment with arms or stops, so to arrest the movement
of one or more wheels while the shaft s turning, are
L some of its most charac-
teristic features.
- <The best American ma-
chine of this class is the in-
vention  of George - B.
Grant, who by a peculiar -
streak of modesty, pro-
claims the calculating ma-
chine as “an acctiimulation
of ingenuity to which no one
man has contributed any-
thing of very great import-
ance.” - Granting this in
- Grant's case and for the:
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Sakeof nTny, we still are inclined to believe that the

field of calculating appliances offers as much room
forthe display of originality and genius as that of any .
other complex mechanism. It is to be hoped at least
that the apparent limitations of Grant will not provs in-
surmountablg obstacles to other inventors ot computing -
machines. #This criticism, however, does not in any way
reflect upon the merits of Grant’s “Ciphering Hand-
organ,” which in its arrangement and construction, sim-
plicity and durability excels every other machine of the
same type in existence. As above referred to, while
practically valueless for.the processes of addition and
subtraction, the crank machines are particularly adapted
for multiplication and division, involution and evolution.
They all require two distinct operations, that of sét-
ting the figure pins, etc., and turning the crank, in order
to register a number.. These machines range in price
from $60 to $400. _ '

We now approach a group of calculating instruments
which fall under the broad and somewhat indefinite cfassi-
fication of key miachines. And in enumerating and de-
scribing the most important members of this class we will
proceed from the simple to the more complex kinds,from
the primitive and inefficient to the most effective and
practical specimens. -

In Spaulding’s Adding [llachine, or the “Surprise

_ Adder,” as it has been recently
named, the keys slide horizon-
tally towards the operator.
There is a key for each of the
nine digits and two dials, a large

" one for the totals up to 100 and
a small one for the hundreds,
up to twenty. It is a single
.column adder, and the inventor
suggests that “with practice
the column may be added men-.
: ) tally, and with the machine at-
the same time,” which isindeed a very poor recommenda-
tion for the miachine.

Bouchet’s Adding Machine, patented March 3r,.
1885, is another single column key machine, provided
with ninefkeys and three decimally connected - nu-




meral wheels, which ex-
hibit the result through an
opening in the case. * The
it of capacity of this .
nachine 'is 999, and its
principal features are key-
bearing levers, curved
racks and toothed rollers,
which connect¥ with the
numeral wheels.
Machine, patented July 7,
1896, has. only five square
keys, the remaining four-
figures being obtained by
striking combinations of
the other five. Totals up
to 100 are registered on
the large side wheel and
the hundreds are carried
to the small wheel in.
front. The keys may be .

L o described as piano keys,
which point’to the conclusion that it was perhaps never

‘intended for calculating purposes. :
The Centigraph is also a five-key, single column
adder, somewhat resembling the Stenograph Shorthand
: : -~ Machine, which has been heard
of more in former years. It con-
tains a powerful spring which
turns the saw-like wheel a certain
distance, when released by the
striking of the keys. The totals
~up to 100 are shown in the square
- opening to the left, the hundreds
up to 5 are pointed at by the
hand on the dial segment. The
metal parts are nickel-plated and
the base of the machine is made
~of black walnut. The machine is’
eight inches long, six inches wide
and six inches. high, and weighs
about two pounds: When run
down it has to be wound up

ulating
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h ought to be a healthful recreation for the
office boy, ahdinsure its adoption in dull times. It is very
difficult to speak of these machines seriously as adding or
calculating machines. They lack all the essential char-
acteristics of such instruments, and their failure as busi-
ness propog#eions speaks highly in favor of the sound
judgment of a discriminating public. = ‘
Among the key machines of larger capacity and
dimepsions D. E. Felt’s Comptometer dcserves a prom-
inentt place. Briefly described, it consists of a box
. 15 inches long, 8 inches
wide and ‘5 inches high,
e L I weighing _about ten
] — "pounds. Its mechan-
- — ==d ism 1is’ composed of a
series of numeral wheels, each standing for an order of .
numbers, and on the surface are arranged key;,for every
figure of the different denominations. The eight col-
umn machine has not less than seventy-two keys, of
varying depth of depression, asshown in the accompany-
ing illustration, which somewhat interferes with its speed .
and sometimes -affects its accuracy. The “nine” keys,
~ for instance, must be de-
pressed about nine times
- as deep as the “one” keys,
and if in rapid operation
any depression is not fully
completed, a wrong answer
necessarily results. It is
naturally adapted for ad-
dition and subtraction,
while multiplication and
“division can also be per-
formed on this machine
by repeated addition and
subtraction. On account
of its bulk 'and weight it
cannot be brought close
to the figures operated on,
which either necessitates
the services of an assistant
for calling oOff the items, or compels the operator to keep
track of the work with one hand, to prevent omissions or

-again, whi
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repetitions, leaving but one hand to manipulate the keys.
Furthermore, as every key must be struck separately
and distinctly, to prevent inaccuracies in registering.and
carrying, the advantage of keys, so striking in type-
writers, is rather doubtful in computing machines.
he Comptograph is essentially a Comptometer with a
g or typewriting attachment, recording the amounts
re paper roll. - For reasons best known to
ifacturers this maghine has never epgtered the
competitor of Bufroughs’ Registering Ac-
s © . countant, the most suc-
cessful listing machine
on the market at the
present time. Owing to
its great cost,size,weight,
etc., its adoption has
been confined to the
largest business and
.~ financial institutions. It
has found particular
favor in ‘the®-leading
metropolitan banks, for
‘ _ . the special purpose of
o preparing check-lists for
the clearing house. Its speed is greatly impeded by the
double operation of depressing the keys and turning the
printing lever, which is necessary torecord an amount.
The accompanying cut givesa fair idea of its appearance.
There are about 1,200 parts in this machine, some ex-
posed to view through the plate glass panels in the sides.
Its éven apd uniform stroke, and the opportunity to verify-
aqd gorréct the amount last registered,-before making
the printed record, are its most desirable features: )
Another machine of this kind is W. W. Hopkins’
Adding, Subtracting and Recording 'achine, patented
‘March‘27, T1894, which, however, has as yet not been
offered to the public. In it the dumber of-keys are re-
duced to nine, the record of the various denominations
bf:lﬂg_ effected by an automatic shifting mechanism. It
is briefly described by the inventor as: “An-adding
machme having a series of registering mechanisms, one
for each numerical order, printing devices recording the
T{Umbers registered, a motor impelling these registering
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mechanisms and printing de-
vices, a carriage determining
the numerical order in which
the machine is working and
keys controlling said- motor
and carriage.” ~Some idea of
the complexity of the ma-
chine will be formed by in-
specting the patent applica-
tion, ‘which is composed of
not less than fourteen sheets
of drawings and forty pages
of closely printed matter.
The objectiorrable feature
of the large key machines
is principally the mental confusion caused by a multi-
plicity of keys, requiring considerable practice and dex-
terity in their manipulation, which difficulty is greatly
increased in some by a hard, noisy and uneven stroke.
They are also upsuited for the regular routine work of
accountants or bookkeepers, being too large and clumsy
to be brought in close proximity with the work. Besides
“the practical utility of listing machines$ is limited, over
9o J;er cent of the calculations required in business offices
and which a practical computing machine ought to facil-
itate, making a listing attachment absolutely super-
fluous. : . '
In conclusion we wish to briefly describe a few devices,
which, while partakig of some of the features of com-
puting machines, aredn reality nothing else but tabular
arrangements with chanical improvements. At the
head of this class, considering its complexity and scope, :
stands Thatcher’s Calculating Instrument, consisting of
acylinder 18 inches long and 4 inches in diameter, revolv-
ing within a framework of
triangular bars. The scales,
the longest ever made,
contain upwards of 33,000
] divisions and 17,000 - en-
, k- graved figures, executed by
‘W. J. Stanley of London, England, upon a dividing ma-
chine made expressly for this instrument. Examples in
multiplication, division, proportion, powgers or roots are




solved, usually by a single operation, and results can be
obtained accurately up to the fifth place.

Fuller’s Spiral Slide Rule is another device of this
kind. A single logarithmic scale, 42 feet long, is wound
spirally around a wooden cylinder, which can *be moved
up or around a wooden axis held by a handle. ~ Simpler
S contrivancesof a similar
nature are Thompson’s
‘Lumber Calculator, in-

W  dicating the number of
uently-occurring dimensions of
r; an : ’s Multiplying Machine, con-
taining a table of multiples of the numbers from 1 to 25,
arranged in cylindrical form. :
- Among circular tables with mechanical features Sex=
‘ton’s Omnimetre deserves special mention.. It is a cir-
cular slide rule, for which is claimed that it requires
fewer motions-to solve the most intricate probléms than
any form of calculating instrument known. With its aid
squares and cubes, square roots and cube roots can be
computed, as well as trigonometrical problems solved.
- The utility of slide rules is limited, owing to the fact
that they are not adapted for addition and subtraction,
and solve other problems only to four or five places. The
vast assembly of minute figures crowded into a small
space is also a serious ocular objection, .productive of
mistakes and inaccuracies. - , L

The limitations of this work compel us to exclude

from this condensed presentation numberless counting
and tallying devices, cash and fare registers, computing
scales, etc.,, which all perform one or the other of the
functions of calculating machines, and to confine our-
selves to a description and illustration of the principal
devices, exclusively employed for calculating purposes.
We reserve for the following chapters a more elaborate
account of the Arithmachine, its scope, construction and
manipulation, .believing it not only to combine all the
desirable qualities of other computing devices, and to be
free from their most f"é‘_ibljeCtionable ﬁ:atures, but to pos-
sess many new, original and important points, which
ought to insure its adoption by progressive accountants,
business men, educators and scientists everywhere,
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. ARITHMETICAL

- ¥ TITH a+firm faith in the educational ¥mportance
W _practical utility of Mechanical Arithmetic,
and. the positive conviction that a computing
~*  machine, answering the every-day requirements’
of the office or counting-room, had as yet not made
its appearance,.the labors of developing and perfecting
the Arithmachine were carried on, until at last the fin-
ished and corgpleted product is within everybody’s reach.
And while weldonot claim for it absolute.perfection, and
are ready to grant that further investigations and in-
creased facilities.of manufacture will enable us to make
other valuable improvements, we still believe that we
have come nearer to what a really practical computing
machine ‘ought to be than any of cur predecegsors in the
same field of human effort. ~And this is quite natural.
Inventions are but stepping stones to greater achieve-
ments, and it is a good deal easier to avoid the errors of
the past than to foresee the possibilities of the future.
In constructing the Arithmachine the following indis-
pensable characteristics of a practical computing ma-
chine were continually borne in mind:

I. Simplicity. No Philadelphia lawyer should be re-

quired to fathom its mysteries. : o

2. Rapidity. Limited practice should enable anyone

to operate it quickly. o ‘
3. Accuracy. The results arrived at should be ab-

solutely reliable. .
4. Durability. No mechanical skill should be neces-

-sary to keep it in good working order.

or carried in the pocket. -
6. Smallness. It should compare in size with the
often missing phrenological bump of the mental

5. Lightness. It should be easily moved over a column

‘calculator.
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7. Noiselbssness. The modern counting-room is
already ovenburdened with unavoidable noises.

- 8. Convenience. It should act as a guide to the
figures operated on. o '

9. Capacity. It should carry any desired number of
columns sinMltaneously. P ‘

10. Cheapness. It should be within ‘easy reach of
everybody who has use for it, the presumption that
bookkeepers arecapitalists being sometimes unfounded.

Th& arithmetical features of the Arithmachine, which
cannot be found in any other computing machine known,
and greatly facilitate its manipulation, are: T

1. The arrangement of the operating surface, which
closely resembles a blank book ruling, and makes the
placing of figures natural and easy. - :

2, Theintroduction of distznguishable partitions, which

" greatly assists the eye in distinguishing the different

columns. , : .

3. The invention of the dowble complemenial scales,
which simplifies the instructions for subtraction and di-
vision and at the same time relieves the eyes con-
siderably. , ' o ;

4. The disposition of the indicator opening at the
head of the machine, practically out of sight when

_operating it, and at an angle most convenient for reading

the results. : _ : .
5. The utilization of ckazn covers to prevent the actu-
ation of certain chaigs and to interrupt the decimal
connection .of the numégral wheels to any desirable extent,
which is of material dssistance in computations with
fractions or denominatd quantities. . o

6. The adoption of a removable stop, which aids con-
siderably when the repeated placing of a series’of num-
bers in the same row is desired, having also the effect of
reducing the operating surface. ’

7. The attachment of a movable decimal point, as an
aid in numerous computations, particularly division, by
pointing off results and indicating the figures last
considered. . . ‘ )

8. The distribution of s/ZZding shutters, which effect
the hiding from view of any desired figure in the indi-
cator opening, most beneficial in subtraction and divis-
ion. ‘ ) e
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- . 9. The position-of .the ‘vesetting whee/ on the right
hand side of the machine, closely fitting to the case,
and-effecting the return of ciphers in the indicator open-
ing, by means of a single movement. -

10. The insertionof an érasable tablet, which will be
found a great convenience in making memoranda: of
examples or results, being always on hand.and nearest
to the indicator opening.- - g e S

~But not only in certain material features of the Arith-
ine do we'claim superiority over other gomputing
n the methods of utilizing-it have we
m: ' es forward from the crude and antiqua--
ted ,instructions, now commonly practiced by the users

of arithmetical appliances. - . )
. In Addition the method of grouping amounts as ap-
plied to the Arithmachine, and which can be easily prac-
ticed, as the eye is guided by the machine itself in con-
sidering the items next to be placed -on the chain-board,
will. prove a time and labor-saving improvement of con-
siderable value. In Subtraction the introduction of the
double complemental scales greatly simplifies the rules
to be observed in connection with this process and élim-
inates the mental feature, which complicates mechanical
subtraction onother computing machines. Multiplica-
tion on the Arithmachine is a natural and easy operation,
the mind performing those ,mechanical processes for
which it is'best adapted, and the machine co-operating
simultaneously, which gives ' more satisfactory results
and requires less effort than the machine méthods pre-
viously employed. Division is greatly simplified, as a
natural consequence of theimproved processes employed
for subtraction and multiplication, it being in reality
nothing but a combination of the two. '

_ Calculations with fractions are easily performed on
the Arithmachine, by making use of the chain-covers
and reserving thetwo right-hand columns for fractional
items; and denominate quantities offer no difficulty, if
the instructions regarding the use of the chain-covers
and shutters are carefully observed. Incidentally we
may state that the above-named attachments, which have
never before been utilized in connection with any com-
puting machine,yare almost indispensable assistants in
certain operations and materially increase the general
practicability of the Arithmachine. :
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The computation of jowers and extraction of roots

can be acc6mplished on the Arithmachine by means of
simple and advanced methods, -which, with a limited
amount of study and practice, will present little difficulty
to the ambitious arithmachinist. ' ) ,
The Arithmachine also lends'itself. to the execution of
combined *ptpcess‘es, such as: Balancing: accounts,
computing inferest, avéraging dates, etc., and can also
be advantageously employed in conjunction with inter-
est, discount, exchange, etc., tables, as a means of
regi‘steﬁng the partial results, and arriving at the final
answer. e o '
A new principle, not previously dwelt upon in Me-
chanical Arithmeétic, though practically invaluable, con-
sists in utilizing the right-hand columns of the machine
for the placing of amounts in calculations' where the
tendency'of the process is towards increase, as for in-
stance: Addition, multiplication, involution, etc.; and -
the left-hand columns for registering the amounts in com-
putations which have a tendency towards decrease, such
as subtraction, division, evolution, etc. The object is
obvious. In the first class of problems places are left to
the left of the given items, to permit of arriving at the
larger result, while in the second class places are left to
the right to allow the annexing of ciphers or the com-
puting of additional places of the result. The carrying
out of this principle In subtraction has the additional ad-
vantage of eliminating the figures in the highest place,
which have no bearing the result, but are the nat-
ural consequence of the complemental method. The
only exteption in the agplication of this principle is the
desirability of leaving imNdivision and evolution a place
to the left of the registered amounts for the accommo-
dation of the first quotient and rootfigures. The placing
of amounts in the left-hand colurhn of the Arithmachine
need not cause the least confusion, especially as the de-
cimal point or digit shutter can be utilized to mark the
lower places of an item, ending in ciphers. The rela-
tion of the places being decimal (unless changed by the
- insertion of chain covers), it makes little difference, as'far
as reading the items is concerned, whether they are
placed at the left or right side of the indicator. In fact,
" 1t is comparatively easier to register to the left than to
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~the right,“as~no-notice-need-be=taken -of - how-many-
‘places are required to accommodate all the figures of a
given amount. : i o o
- In many instances problems can be solved en the
Arithmachine according to accustomed methods, and the
knowledge of mental and manual arithmetic one pos-
sesses can frequéntly be utilized in conjunction with the
machine:. The Arithmachine can also be employed to
-partial results or to combine separate items,
would have to be first writfen out and
: cther.. In fact, we believe that only
through the combined' utilization of thé three branches
of arithmetic—mental, manual and mechanical—can the
latter be made popular and us<ful andthe greatest arith-
metical efficiency attained. In the light of modern de-
velopments one’s knowledge of arithmetic must be con-
sidered sadly deficient, if it only embraces the first two
branches, and many important points of information, as
well as useful methods of computation, are beyond the
reach of those who do not investigate Mechanical Arith-
metic and its best mechanical representative, the Arith-
machine. i : Cog
But Mechanical Arithmetic, in order to be practicable,
must be practical; it must be presented with the. ac-
countant’s insight, nat with the mechanic’s skill alone.
It must combine the natural functions of the mind and
hand with those of the machine. Some processes of the
mind are purely mechanical, and any effort of making
them more so simply results in burdening the brain.
Think of the nonsense, therefore, advocated in the in-
structions to one of the largest (not greatest) computing
machines known, according to which the multipiication
of g by 8, for instance, is performed by depressing the g
key eight times, which involves: 1. the concentration
of the mind on the ¢ key; 2. the mental counting of
eight strokes, and 3. an amount of pressure on the finger
tips, resulting in nervous strain certainly in excess of
that occasioned by the mento-mechanical process of re-
‘porting g timeés 8 as 72. The constructor of the machine:
above referred to. also asserts (without any proof)
that “mental and mechanical arithmetic ‘do not
mix very well.”” At the saine time he advocates
a method which in order to multiply ¢8 by 87, for in-
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and fingers) each to be guided by a separate mental im-
pulse, nottospeak of the repeated counting of a certain
number of depressions of separate keys in. different
rows, and the necessity of considering the columns in

which the keys have to be struck. If mental and Me-
‘chanical Am#hmetic do not- mix very wgll,,they are cer-

tainly badly mixed here. We contend, on the other

hand, that the products of the multiplication table (the

“Einpmaleins’ of the Germans) are recalled by an auto-

mati@ operation of the reproductive faculty, the mem-

ory, which is more natural and mechanical than the

mental counting of a certain number of depressions,and

more reliable, as it abreviates entirely the errors re-
-sulting from a “mistaken count.” Besides the addition

of numerous ones is regarded even. by experts as the

most difficult and tedious task in mental addition, as

evidenced by the fact that lightning calculators, capa-

ble of arriving almost at a glance at ‘the sum ofa com-

plex column of digits, break down completely when

specially prepared columns containing an excessive .
number of ones are presented to them. Now, whether

ones are to be added in a column of figures or by count-
~ing separate strokes, makes very little difference, as far

as the mental gffort is concerned.  The machine has

done all that shoald be reasonably expected of it,if it

registers the results arrived at by mechanical merntal

processes, and if it relieves the mind of the burdensome
-carrying of figures,apd the time consuming addition of

the partial products.

In this connection it ay' prove -quite interesting to refer to
the catch question: Abouthow long does it take to count 1,000,0007
Without reflection many would consider two or three days ample
time to accomplish such a comparatively easy task. ' But, even sup-
posing that oné could count 60 every minute. which is @ rather high
estimate for the larger numbers, especially 1f the condition of pro-
nouncing them is imposed; and could keep it up for 8 hours every day, .
which would prove a rather trying occupation, considering-the mo-
notony of the work, it would still require not less than six weeks to
accomplish the task. But as the actual average could probably be

not more than 10 numbers a minute, about eight months_would be

- occupied by this useless pastime. To count a billion would require
about 693 years, allowing only Sundays or holidays for recreation.

The change from writing to “placing” figures in
itself will prove restful to many, while the fact that the’



59—

senses of touch _and sight are’gently stim: by _the
manipulation of the Arithmachine will be found a relief
from the purely mental effort in arriving at results,
dealing entirely with abstract numbers. -

..

It is unquestionably due to the advocacy of awkward
and unreasonable methods in combination with the ob-
jectionable computing mechanisms hitherto introduced,
that' Mechanical Arithmetic did not-enter more gener-
ly as a time and labor-saving element in the counting-
‘has not ‘met with a- wider app[qeciation by a
calculating public. But it is codfidently hoped
i e Arithmachine and advanced mechanical meth-
ods applied to it, will disperse the prejudices ‘commonly
entertained with regard to computing machines, and give
to Mechanical Arithmetic the place which it ought to
occupy as a scientific studv and educational factor. And
if Mechanical Arithmetic has the educational and prac-
tical importance we know it to possess, it forms an essen-
tial part of the science of arithmetic and ought to be
taught and studied- in our schools and colleges. The
knowledge of:arithmetic must be considered incomplete,
as long as one of its most important branches is entirely
ignored, especially as in this age of mental over-pressure
mechanical computation is. likely to prove more bene-
ficial than mechanical processes in any other field of
human effort. C ' -

HENRY GOLDMAN'S
SQUARE OF DIGIT_S.
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MECHANICAL.

]Tlis one thing to produce a calculating contrivance,
" *and ignore every practical consideration of size,
, weight, shape, noise, price, etc.,, and quite another.
thing to construct a computing machine, which can.be
easily moved over a blank book column or carried in
the vest pocket, which is conveniently shaped, rapid,
accurate, reliable, durable and noiseless in its manipu-
lation, small in size and light in weight, and within reach
of all who may have use for it--qualities which charac-
terize the Arithmachine, and cannot be found in any
other computing machine'in existence. ’ :

- Without dwelling on the trials and disappointments
which an inventor invariably experiences in the uninter-
esting pursuit of “interesting capital’’ as it is commonly
called, it is unquestionably true that a wonderful amount
of enthusiasm and stick-to-it-iveness is required to bat-.
tle against financial and mechanical difficulties on_the
one hand and the *‘assistance’ of advising relatives,
criticising friends and patronizing acquaintances on the
other. )

We will not aftempt to offer in these pages a
learned treatise on gtatics or dynamics, kinematics or
odontics, but explaintin a po'pulaf way the various me-
chanical problems which had to be solved, in order to
make the now completed product; known as the Arith-
machine, possible. And this will indirectly answer the
usual question, why such a simple and practical inven-
tion has not made its appearance long ago. It is easler
to admire or belittle an accomplished fact than ‘to ac-
complish it. The steam engine, the telegraph, the tele-
phone, the phonograph, etc., are all examples of inven-
tions which, gccording to the opinion of the wiseacres,
have been unnecessarily delayed more than a thousand

ears. . :

Y The first difficulty which presented: itself after the
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general plan of the Arithmachine had been conceived,
- was the construction of the chain links, which connect-
«edly form the operating surface of the Arithmrachine,
and serve the double purpose of actuating the numeral
- wheels, while being moved themselves by the pencil
stylus. A year of investigation and_experiment was
necessary to bring the manufacture of the chains fo its .
tate o i !

ent state of perfecti o

er important problem, which had fo be solved-

ily, was the contact of the chains and numeral

‘, in order to reduce the friction to a minimum,
wher umber of wheels are turned simultaneously,
and to prevent the disarrangement of the chain links.
The utilization of the natural pressure of the stylus

- pencil, exerted while operating the machine, solved this

- problem in a simple and effective manner.

« A third question of considerable moment consisted
of making the depression of the chains automatic and
effective, limiting it in depth and coatrolling it in both
directions, viz.,upward and downward, at the same time
arriving at a satisfactory solution of the locking prob-
lem, which: prevents the accidental movement of the
chains or numeral wheels, and of the ' alignment

- problem, which keeps the chain links and numeral
wheels evenly arranged on the chain-board and in the
indicator opening. ' _

Next in order was the carrying problem, of vital im-
portance in any numbering device; but -particularly dif-
ficult of solution in connection with the Arithmachine,
owing to the limited dimensions of the numeral wheels.
The construction finally adopted answers every practi-
cal requirement, -being of remarkable size and strength,
considering the smallness of the wheel, and in itself a
mechanical achievemeént of considerable importance,
Associated with it is the return problem, which required

~much thought and study, resulting in an arrangement
entirely distinct from the carrying mechanism, relieving
both of mechanical strain and ‘thereby increasing their
durability. 5 e . : '
. The complete separation of the various sections of '
the _Arithmachine, particularly to prevent friction .re-
sulting in inaccuracies, has been successfully. accomp-
lished by the introduction of distinguishable partitions,

~_pres
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which therselves form a part of the carrying mechan-
ism, ‘protect the/exposed chain sections and wheel faces,
- serve as rests for the lever pins, roller pillars and cen-
tral arbor, and in combination with the outside frame
plates give éxé operating and registering mechanisms a
strength a stability. which, without them, would be
practically impossible. . :

'Space ‘does not permit us to enumerate here the
m minor problems and difficulties in designing, per-
fectthg and completing the Arithmachine, which pre-
sented -themselves with a promptness and persistency
as to incline one to the b:lief that the forces of the uni-
verse are all united in the one effort of counteracting
and annoying the struggling inventor, and to delay and
destroy the results of his labors-and investigations.

“Thé Arithmachine is composed of a number of per-
~ fectly identical sections, according to the number of
columns provided, and the construction of each section
may be properly divided -into two distinct parts, which
we will briefly designate as the operating and the indi-
cating mechanism. '

The operating mechanism consists of an endless
chain composed of 35 uniform and peculiarly shaped
links, joined so perfectly that the connections are
invisible when viewed from above, and permitting the
free movement of the chain. The transverse teeth,
which form a part of the chain links, serve to actuate the
numeral wheels whin thrown in contact with them, fur-
nish a hold for thg -stylus pencil when operating the
chain, and also lock it by means of a bar and roller
lock at the forward ¥nd of the machine. The endless
chain passes in its movement over two pentagonal
rollers, which reduce the friction to a possible minimum,
their being absolutely no slipping of the chain links, but
a2 simultaneous arrival and departure of a link at or from
the pentagonal roller. Three of the chain links at either
side of each section are at all times relatively at rest on
the pentagonal roller. Between the two pentagonal
rollers and on the underside of the chain-board or operat-
ing surface is a platform lever, which forms a solid
foundation for the movement of the chain, with a foot at
one end causing, when depressed, an immediate opening
of the chain-lock, and connected with it near the other end
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is.a contact lever, which throws the chain in tangential

- contact with the numeral wheel; as soon as depressed

“and moved by the stylus pencil, and when at rest assists
~in locking the Chain by preventing the turning of the
- adjoining - pentagonal roiler. - A slightly curved spring
‘presses the platform lever and chajn’board upwards
in bar and roller lock, and joined to it is a ten-
which prevents any undesirableg looseness of
ar and roller lock at thd forward end
nd a similar combination at the farther
also to the uniform movement of the
at the same time to prevent friction on
b s of the chain by keeping the separating parti-
‘tions equidistant. Co B '
. The.indicating mechanism is composed of a ratchet

100 SPrin,

‘wheel, bearing on its faces the ten figures in raised type,

‘and having - within. two circular depressions, the one
‘containing ten circumférential ratchets, and the other
the carrying and return levers and springs appropriately
arranged. ng or collar between the gumeral wheel
and the central arbor, serves to hold the return disks
in position, and, being slightly wider than the wheel, al-
lows it to move freely. ' :

. A resetting wheel on the outside of the case, fas-
tened to the neck of the central arbor, and held in -posi-
tion by the release pin and spring; a comb spring  be-
hind the ratchet wheels, which regulates their movement
and insures the alignment of the figures in the indicator’
opening; partitions which separate the sections, hold.
the lever pins in position and through a larger opening .
between the numeral wheels form a part of the carrying
device, and two outside frame plates, which, hold the in-
net mechaunism together and permit it to be removed
from its' case like a watch, complete the mechanical

« construction of the Ari hmachine, which, including the
outside parts and attachments. referred to in the “de-
scriptive” part of this book, is compased of not less than
750 parts, or rather 440 working parts held together by 310
Screws and rivets.: The-Arithmachine is made entirely -
of metal; in other words, no breakable or deteriorating
wooden or rubber parts enter into its construction,
Every working part is properly strengthened and every
wearing. part made of steel or other suitable material,
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and capakle of performing about ten times the work ex-
pected of 1t, which enables us to unreservedly guarantee
the Arithmachine for two years, while with proper- care
and usage it is likely to outlast the operator. o
"~ The demand for a practical computing machine which-
may be cdfried in the pocket is neither of recent origin,
nor is it limited to any particular section of the globe.
A good many years ago, when Babbage's Difference
Eréinecreated a considerable sensation in the scientific
world, Count Strelitzky related that while traveling in
China.he was frequently questioned regarding. this in-
vention, and that Chinamen were particularly anxious to
know whether it could be carried in the pocket. Mr.
‘Babbage is reported to have resented the “insinuation”
with the remark: “Tell them it is in every sense an out-
of-pocket Machine.” Up to the. present, however, this
demand has been practically ignored by inventors, part-
ly on account of the seemingly insurmountable obstacles
which had to be overcome, and principally because in-
ventors of computing machines had comparatively little
experience in practical accounting work, and a corre-
sponding lack of appreciation of actual requirements.
Particularly the more efficient key-operated machines -
have honestly earned the title of * out-of-pocket ‘Ma-
chines,” which may be applied to them in gvery mean-.
ing of the phrase. ' A
All the important features of the Arithmachine, as
well as many minof details and improvements, are thor-
oughly protected by a series of U. S. and foreign patents.
One of our fundamyntal claims covers the use of end-
less chains in tangehtial contact with numeral wheels,
_etc., broadly, which practically reserves ‘for us the en-
tire field of a durable and reliable computing machine
of small dimensions and large capacity. The use of re=
acting keys necessitates a large key-board, with the ac-
companying noise and strain; the employment of re=
bounding bars is objectionable on account of the inac-
curacies caused by the jar and friction and the wearing
out of the controlling springs, etc.; resetting pins ‘and
cranks are too clumsy devices to be employed in per-
forming the computations of the counting-room; return~
ing tapes are too weakand elastic to form the basis of
a mechanism the essential features of which are accu-



racy and durability, and revolving disks are too awk-
ward in manipulafion and limited in capacity to;be even
thought of in connection with a practical computing
machine. The utilization of endless chains in combi-’
nation with the development of other important features,
solves the problem which we have set before ourselves,
and ‘places. the computing machine, which has hitherto
‘been a luxury of the favored: few, within t?c reach of
everybody who has use for it. ' R

_ To those who are compelled to exercise their
mjnds excessively, the Arithmachine brings rest and re-
laxation,\while those who strain the muscles of the hand
and forearm by writing, making themselves. subject’ to
writer’s cramp and nervgus disorders, find .relief in
bringing into action différent sets. of muscles when
manipulating the Arithmd€hine. The operation of writ-
ing, frequently performed under very unfavorable con-
ditions, 1s also straining to the eyes, being creative in
its nature.and requiring close attention to direct and
control the mévement of the hand. The manipulation
‘of the Arithmachine, as well as the reading of the results
arrived at with its aid, is purely receptive, as far as the
eyes are concerned, and therefore restful, the forms be-
ing plainly visible and all glare removed. -

Size, 4% x 174 x 34 in. Weight, less than 1 Ib.



DESCRIPTIVE.

JYHE graceful apnd harmonious outlines of
the ‘Arithmachine are likely to impress
themselves first upon the casual observer.

- The systematic arrangement and disposition of

the operating elements will no doubt be noticed

on closer examination, while the small size

(4% x 1% x % in.), light weight (less than 1

lb.), and smooth, noiseless action, as well as

the convenient proportions of the machine,

" which permit it to be satisfactorily handled in

many different ways and under varying condi-

tions, are bound to please the operator and

-will be fully appreciated after a few mo-

ments’ manipulation. ' Lo
The operating surface, more distinctively

called the chain=board, consists of the. visibie
surface of a ngmber of parallel and endless
chains, the links\of which present the appear:
ance of straight and toothed bars, the joints ox
connections being- invisible. The automatic

alignment of the chain-links produces the im-

pression of horizontal -and equidistant lines

across the chain-board, while the plain and’
milled, light and coloréd vertical partitions
serve to complete the similarity to a blank

‘book ruling, at the same time protecting the

chain-links against disarrangement and break-

age. .
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' The indicator opening at the head of the
Arithmachine is in the most favorable position
for reading the result, and the erasable tablet,
in close proximity to it, proves a great ‘conve-
-nience for making memoranda of examplesand
results. The eyes, glancing from the figure
columns or-given amounts to the chain-board
and vice versa, remain in the samé line of
a great advantage over the large and
sy mechanisms previously introduced, and
“the front and rear ends of the machine are so
formed and shaped as to furnish a convenient
“hold for the fingers, as well as a guide to the
figures operated upon. The front end.of the
machine is also.graduated to’conform with the
sectional division of the chain-board and blank
"book columns, and the hole at the rear end -
serves to.fasten the Arithmachine to a hook on
the desk, or to suspend it whenever it is de-
sired to have both-hands free or to have it out
of the way. . It can also be fixed in position by
means of a clamp or by resting. it against a -
ledge or elevation at the edge of the desk or
table, the operation of the machine causing a
straight downward and forward pressure.

The double numeral and complemental scales
are composed of two inside columns of large
figures, which are intended to direct the plac-
ing of amounts in addition and multiplication,
and two outside columns’ of small figures,
which serve’to guide the placing of amounts in
~subtraction.and division. It will be observed
that the large figures ‘are repeated on both
sides of the chain-board, which greatly facili-
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tates the placing of amounts in addition, the
_most important and frequent operation per-
formed on any computing machine. Thescales
of small figures are different on both sides, the
left hand- scale being composed of“comple-

~ments of the adjoining large figlires' to nine,
»while-the right hand scale of small figures is
con of complements of the ad-'j‘oixﬁng large
figures to ten.© The number “10”. at the bot-

tom of the small right hand scale is indicated
by placing the 1 inside of the large O, which is
intended to make the appearance of the scales
‘symmetrical,and to point virtually to the large
I in the tens column, which must be registered
in place of it. The left hand scale of small
figures is taken as guide in placing the figures
of the subtfahend or divisor, excepting the
units figures, which are placed according to the
small figureg of the right hand scale.

- The sliding shutter, fixed in transverse,
parallel grooves, serves to shut out from view
any place or section in the indicator opening,
or to separate it into.two or more distinct di-
visions. It can be easily slipped out of the
way by pushing it to the right or left, over
either side of the case. The small head or
catch on its convex surface serves to facilitate
its manipulation, and a pin on the under side
prevents it from falling off or being lost.

A similar ‘mechanical arrangement is em-
ployed in fastening the decimal point, which
serves as a means of connecting the indicator’
above with the chain-board below, or to point
off or separate any of the figures appearing in
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generallj;kept as a'means of separating the dol-
lar from the cent columns. ' :

The removable chain-covers are employed to’
cover up,pr to prevent the use of any chain or
chains, which is very desirable in some compu-
tations. -It can be easily placed in position, as
its phape and material act like a spring, and
the curved ends fit on the cylindrical rollers at
both ends of the chain board sections. The
surface of the chain cover contains the large-
numeral scale, which assists the eye in follow-
ing the horizontal lines across the chain-
board. ’ i} :

The movable stop, gliding forward and back-
ward over the chain-board, can be readily slid
out of the way at both ends, and its smooth
and parallel movement is assured by the curved
and turned compressing ends. It serves to facil-
itatethe repeated placing of numbers in thesame
row and to limit the operating surface of the
Arithmachine, which even in the full dimensions
of the eight colymn machine covers only about
214 square inchgs, and enables the operator to
place thereon an¥ number or amount between
I and 999,999.99. o o

The resetting wheel, which has a milled or
nurled periphery, serves to return the figures in

‘the indicator opening to ciphers. It.is held in

position by a projecting pin on the underside,
which is easily withdrawn by means of a lever
spring and release button, and permits a com-
plete revolution of the wheel.

. The case, which is made of aluminum, highly
finished, is principally intended to protect the



64—

operating mechanism, which is-complete in
itself. It also serves as a means of dlsposmg
and attaching some of the minor parts of ‘the
‘Arlthmachme such as the number sca}es, slid-
ing shutter, decimal point, etc., on the'upper
and the small circular posts or rollers (which
reduce fnctlon when moving the machine over
a blan book column) on the under 51de1

- colors .of the chain-board," nurnber-
etc., are subdued, to. prevent any un-
asant effect on the*eyes, and to reduce the
llab lity to mistakes. -
* The figures on the numeral’ wheels visible
‘through the indicator opening, as well as those
on the U frame.in the numeral scales, are
raised and - poahshed and the background
is finished in a dark steel blue or oxydized
copper, which produces a distinct and pleas-
ing contrast.

NOTE.—With some slight modlﬁcatlons the Arithma-
chine can be  easily transformed .into a computing
machine for the blind, the raised ﬁ(rures and its entire
arrangement fitting it for this purpose. This would
open up a channel of utility hitherto not thought of
in connectlon ‘with any computmor machine.

Another unique feature of the Arithmachine
is the arrangement of the name-plate at the
front end of the chain-board, utilizing thé M in
the inventor’s name also as the M in the word
“Arlthmachme, an illustration of economy,
which the Machme is intended to give in other
dlreEtxons )

The pencil stylus, with which the machine
is operated, consists of a triangular pencil and
‘a triangular tip, which can be easily attached.
The latter ‘has‘a curved stylus end, the curva-
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ture beihk intended to bring the chain-links
fully undet the roller-lock at the forward end
of the Arithmachine. :It has the effect of
strongly grasping the chain-links, enabling the
operator # take a firm hold and to prevent
slipping. L " : ,

The form of the Arithmachine, particu-
larlyl its profile, reminds one to some ex-.
tent of the Sphinx, who, according to
Greek mythology, proposed. a riddie to
every Theban who passed her, killing " all
who were unable to guess it. The riddle,
according to tradition, inquired what being

‘has successively four, two and three. feet and
‘is weakest when it has most feet. Oedipus an-

swered: man, who creeps in childhood, after-
wards goes erect, and walks with a staff, a
third foot, when old. The Sphinx, in com-

‘pliance with her own conditions, thereupon

threw herself from the rock and died. Here,
naturally, the comparison ceases. The Arith-
maching, a modern sphinx, does not ask any

-arithmetical questjons, but answers those put

to it quickly and akcurately, and as far as the
temptations to condnit suicide are concerned,
they must remain greatest with those who
decline to accept its beneficial ministrations.




DIRECTIVE.

. 'T"HOUGH it is a great deal better to do
' ‘right instead of wrong, and, asga rule,
-7 more convenient and profitable, the ten-
dency of man since Eve’s fruitful opportunity
has * always been towards transgressions.
Therefore, directions are also necessary in re-
_gard to the treatment and -operation of the
Arithmachine; and while their non-observance
will neither cause dn explosion, as would be
the case with a steam engine, nor an electrocu-
tion, which might easily happen with a dyna-
mo, careful consideration of the advice and
suggestions contained in'the following para-
graphs, will have the effect to reduce the wear
and tear of the Arithmachine to a possible
minimum, to increase its utility and durability
and to insure its smooth and. uniform action.
As above indicated the directions herein
offered are naturally and. necessarily of two
kinds, those which refer to the ‘“treatment”
and those which pertain to the “operation” of
the Arithmachine. )

‘Treatment.

A complex mechanism, like the Arithma-
chine, possesses an almost human individual-,
ity. . It will notdo to handle it according to
‘one’s own notions, if it is desired to secure the



best resylts and greatest efficiency.  One
must try=t{o enter into the-spirit—of- =
anism, as\it were, to get closely in touch with

it, to become familiar with its “peculiarities,” .
and it will perform its work without unneces-
sary weargand to one’s entire satisfaction. A
machine ‘of this kind bears the same relation
to its owner as the slave of bygone days. It
pa_yﬁ‘hto take good care of it. One may drive
and hound a free man, and let him go-when he
becomes worn out or inefficient, but the ma-
chine is your own property, and if ruined
through carelessness it is your ewn loss. o
. Before leaving our factory the Arithmachine
is thoroughly tested and all the bearings prop-
erly examined and “lubricated.” A few drops -
of the finest watch oil -are employed for this
purpose, and after this has been done the ma-
chine may be allowed to remain ‘‘dry,” and no
further attention need be paid to this point.
The adjustments are so accurate that a few
weeks' operation cause them to become as
-smooth. as a mirror, and the addition of any
oil or lubricant Would only have the effect of
interfering with the proper running of the-
mechanism. | - ' :
Considering the value of the Arithmachine
and its practical utility, -t is almost superflu-
ous to state that it is at least desirable to keep
it free from dust and other harmful influences,
such as extreme heat or cold, etc,, and to in-
sure it against the. ravages of fire, water,
_cyclones, etc. ) . :
When carrying it in the pocket it should be
properly protected by means of the Leather



Pocket Carrytng Case or any other suitable
enclosure, and its outside finish may be pre-
served by wiping it occasionally w1th a dry,
soft cloth or chamois skin. =~

 While accidental dropping of the Arlthma-

~chine will not necessarily interfere with the

workings of the operating mechanlsn% it is re-
spectfully suggested that sudden jars br knocks
of any kind are not likely to improve its out-
side appearance or strengthen the numerous

‘parts, which make up the interior construction.
~ The case is made in a very substantial manner

and is interded to protect the operating
mechanism against breakage, while giving the
machine at the same time a very attractive and

| graceful appearance.

As there are, no doubt, a rrreat many grown
persons ‘who have mheuted from their little
ones the desire to know the ‘“‘inside of every-
thing,” the injunction not to open the Arith-
machine, unless one is thoroughly familiar with
the construction of complex scientific instru-
ments, must not be deemed out of place. Itis

) practlcally impossible for any one not versed in

every mechanical detail of the Arithmachine,
to properly put it together after it has been

- taken apart, .and those who cannot control their

cur1051ty are either referred to the “mechan-
ical” part of this book, or will be furnished
with a sectional dlagram of the interior con-
struction of the Arithmachine, which can be
fully investigated without causing any damage
to the latter.

Last, not least, it should be reinembered that
the demand for the Arithmachine is so great.
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and'the supply yet so limited, that those who
wish to remain.in its’ possession -should care-
fully guatd it against any undue desire of un-
authorjzed persons to become too famlhar with
its adrvantages Our guarantee does not cover .
this point, while a lock and chain may accom-
-plish the desired end. ‘

Operation

~In approaching the Arithmachine with a view
to operatlng it, it should be taken for granted
that it objects to being” abused by those un-
acquainted with its workings.

- Those who at all aspire to the distinction of
‘becoming successful arithmachinists must not
fail to observe the following directions:

- The oper,jémg surface or chain-board islocked
‘when not in use, and it requires a special curved
stylus, which is furnished with each Arithma-
chine, to set any of the chain sections in mo-
tion. Lead pencils, tooth picks, coffin nails,
hair pins, etc., while splendidly adapted for the
purposes for- which they were originally de-
vised, were never intended, nor can they safely
or conveniently ‘be employed, for properly.
mampulatmg the Arithmachine.

But even with the proper stylus some knowl-
edge and judgment is required to use it satis-
factorily. When operating the Arithmachine
the stylus- penc11 should: be held in a nearly
vertical position, as shown in the accompany-
ing illustration, which prevents friction with
the adjoining partltlons permits the proper and
easy insertion of the stylus point in the desired
chain'section and subdivision, and enables the
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operator to most conveniently and naturally
exert the necessary pressure on the chain sur-
face and underlying lever, to open the-roller
lock at both ends of the operating surface, and
to insure the smooth and free movenient of the
corresponding chain. The curved stylus re-
~ally représents a key to the Arithmachine, and, -
if retained by the operater, little fedr need be
~entertained that any unauthorized. person will
interfere with the result, exhibited in the indi-
~ cator, a great advantage over all other caleu-
lating machines, in which the slightest.touch

- of the operating mechanism causes a derange-

~ment of the mechanism. _ _
The ‘“‘touch’ .of the Arithmachine is not hard
. but elastic, which greatly contributes towards
ease and comfort in operating it, and the de-
pression of the chain section, which automatic-
ally opens the chain lock, becomes after a little
. practice an unconscious ‘act of the mind, like
dipping the pen into the ink-well when writing -
rapidly. The habit should be acquired a$ early
as possible to first depress fully and then pull the
chain link, which not only results in the easy
running of the chain, but also materially re- -
duces the wear and tear of the machine.

The required depression of the chains is about one-
sixteenth of an inch, which is* hardly noticeable in rapid
manipulation. The foundation of the chamn-board be-
Ing very. substantial, no fear need be entertained of
breaking any part by depressing fully; the danger lies
ratherin forcing the chain through the chain-lock with-

out proper depression.

Tlle-_.~p1‘eési11'e’ of the stylus pencil on the
operating surface should be uniform. and the
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stroke”§an be executed as slowly—or—rapidly—
as may be desired by the operator or be required
by the occasion:. The moment necessary to
insert the stylus-point and depress the chain-
link cange profitably employed to make sure
thatthe proper subdivision of the chain-board
has been selected, and in case of an oversight
on?has‘time to change the position-of thestylus,
before any harm has been done. The stylus
should be held firmly and with the curved point
toward the operator, which is accomplished
without difficulty, the triangular Arithmachine
stylus-pencil being an aid in this direction.
‘When the roller-lock at the forward end of the
chain-board is reached, the curvature of the
stylus surrounds the cylindrical roller and
brings the tooth of the respective chain-link
sufficiently under the roller, to lock it in po-
~ sition when the stylus is removed and the pres-
sure of the: platform lever spring asserts
itself. o : ,

The stylus-point should always be held.
slightly above fhe chain board, not to waste
any time in tryipg to reach it, and the curved

nd of the stylu) does not hinder its gliding
/Eack over the chain links, which may become
esirable when .the registration of the same
figure is to be repeated a certain number of
times. _ - _ o

In order to reset the indicator to zero, the re-
lease button should be depressed with the mid-
dle finger, then the nurled resetting wheel is
given about two semicircular turns in thre oppo-
‘site direction of the movement of the chains..
The release button need only be pressed for a
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moment in order to unlock the wheel, and the
latter may be turned by the thumb and the
middle finger one complete revolution. if pre- -
ferred. In the  latest construction of the
Arithmachine the resetting wheel must not be |
returned to its original position, after the nu-
meral wheels have been set to zero, ?ut is. m

RESETTING TO CIPHERS

SN

‘About Half Size.

place for the operation of the mechamsm while
in the earlier arrangement it is essential to re-.
turn the resetting wheeluntil the release pin en-
egages the hole, which may be neticed by a’
napping sound. Otherwise the machine is
likely to carry incorrectly, and besides is sub-

jected to considerable wear and strain.
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Whefi{resetting the indicator to zero, it s quiteimnter=—
esting to ‘note, the manner in which the faces of the
numeral wheels are changed. . By turning.the resetting
wheel slowly from the opérator the figures are picked
“up and carried along in numerical order, irrespective of
the positigm in which they are found, which will give a
due appréciation of the mechanical construction of the
Arithmachine. The ones disappear first, then the twos,
threes, fours, etc., until finally all the zeros are reached.

The Arithmachine can be easily moved over
a blank book column, acting as guide to the
figures operated on, and being held in position

SUSPENDED.

"About Half Size.

by the tﬁu_mb' and middle and digit ﬁr‘ig.ers of
the left hand, as shown in the illustration on
page 85. It can be firmly.. held in the



left hand by s"rroundmg it with the thumbon
one side and the remaining four fingers on the
other. It can be fastened to the desk by a
hook which is inserted into the hole at the
head of the machine or a clamp which holds -
the head and foot. It can be suspendcd by a
hook, used as.a paper weight, carried in the
vest pocket, in short, it" quickly confbrms to
any conditions thch are likely to arise while
serving the purpose for which it is intended.

CARRIED IN THE POCKET

:,om)m |

About Half Size.

In 1‘eorard to the attachments and accessories,
which accompany the Arithmachine, a few re-
marks will be found of practical assistance in -
their manipulation.

. The chain cover can.be readily atfached'to
any section by pressing the farther end against’
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: ‘ ‘vylindrirn] Vr'(_\«”Pr,‘and’ annwihg the
forward epd to-snap in position. )
The sliding’'stop can be moved out. of the
way at both ends of the chain-board, and be-
ing rarely used may be entirely detached from
the machifle and kept in reserve. ~

The decimal point slides easily to the left or

righ& but is generally kept between the dol-
lars ind cents columns, pointing upwards. to
the indicator and - downwards to the chain-
board. .It can only be detached by -using
force, which is very appropriate in war, but not
required in handling the Arithmachine.

The digit shutter is generally placed over
the left-hand side of the case, and may be easily
moved in position to cover or hide any of the
figutes or figure spaces in the indicator. It can
also be moved out of the way to the right, and
slipped over the side of the case close to the
resetting wheel. :

The erasable tablet serves to record an ex-
ample or result, or any of the facts or figures
required in perfogming a more complex com-
putation, which cqdnnot be easily retained by the
memory. _ '

The graduation marks at the front end of the

-machine are intended to conform with the unit
lines of a blank book column, and a similar ef-
fect is produced by the distinguishing features
of the separating partitions of the chain-beard
and indicator opening. :

The stylus-point is easily fastened to or de-
tached from the triangular stylus-pencil; and
‘remains a permanent fixture, which, with or-
dinary care is likely to outlast the Arithmachine,
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“while the  triangular stylus-pencil~can DP used
wp and replaced. '
" The Pocket Carrying Case serves to preserve
the finish of the aluminum. case and to prevent
any particles from cloggmg up the operating’
mechamsm

Directions which more specxﬁcally refer to
‘the ut1h7at10n of the Arithmachine as a¢alculat-
ing instrument, partlcularlv the instructions
necessary to perforrn with it the different arith-
metical operations, are properly reserved for
the following subdivision of this work.

A remarkable demonstration of the conven-
ience and practitability ‘of the Arithmachine
consists in hiding it from view by the palm of
the hand. To be able to accomplish this with
a mechanism erforming all arithmetical.oper-
ations, and carrying eight or more columns
simultaneously, represents not only a mechan-
ical achievemeént of considerable importance,
but is bound to prove an interesting feature of
commercial value, by .exciting the curiosity and
attracting the attention of many, who could.
otherwise not be induced to investigate 1ts;
manifold advantages. The “Arithmachine grip’
is likely to introduce the science of Mechanical
- Arithmetic to those contented souls, who have
succeededin fortifying themselves agamst mod-
ern influences with that Chinese wall, com-
monly called indifference..




INSTRUCTIVE.

E enter now upon the most important sub-
division-of this work, which, while prim-
. - arily intended to serve as a practical
self-instructor in the proper manipulation and
utilization of the Arithmachine, contains many
valuable points of information, which have a
direct bearing on Mechanical Arithmetic in
general, and will be found useful in connection
with other computing devices of similar capa-
city. : :
The knowlédge of Mechanical Notation, of
the use of the double complemental scales,
‘the methods of performing the four species of
arithmetic, as well as involution and evolution
.and complex computations. by mechanical
‘means,.is likély to become an indispensable
feature of moders education, and invaluable as
a practical acconjplishment.
- Mathematics, tAg oldest and most firmly es-
tablished of all sciences, welcomes its latest
- offspring, Mechanical Arithmetic, as yet un-
known to the vast majority who are. likely to
' be benefited by its services, and hardly recog-
nized by those who lay claim to a broader sci-
entific training. But a few years are likely to
change this condition of things, and anyone
not familiar with the principles of mechanical
computation may be pronounced a “back-num-
ber,” if not an ignoramus.
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— .~ —* Mechanical-Notation. ——

A superficial examinationof the Arlthmachme
will disclose a rectangular surface, called the
chain-board, lined on either side by a double
scale of numbers, and divided into a series of
narrow sections by means of dlstmgulshable par-
titions. Back of the chain-board and ina slightly
elevated position is the indicator opening in the
case, which for the sake of breVIty we will call
the indicator. - The .same partitions which sub-
divide the chain-board into a series of columns
subdivide the indicator into a number of places.

The relation of“these columns and places

conforms with the decimal notation, the - first
section to the right denoting units, the second
tens, the third hundreds, the fourth theusands,

or in case the first two columns are reserved for
cents, the remaining columns stand for dollars.

Thus it will beinoticed that the arrangement of
the Anthmachlne is perfectly natural, and there
oughtto be not the least difficulty of - familiar-
izing one’s-self with it. .

To place a number on the Arlthmachme the
large figures on both sides, constituting the fun-
damental numeral scales, are taken as guides,
and the stylus-point is mserted in the proper
place in the desired column of the chain-board
and moved forward to the chain-stop, as des-
cribed in the preceding chapter. To indicate
3, for instance, the stylus-point is inserted in the
place. oppos1te the large 3 in the numeral scale
in the first right-hand chain-column and moved
forward to the chain-stop; to indicate 70 the
stylus-point is inserted opposite the. large 7 in
the second column and moved forward to the
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_ _S_LQP,_% 19 either case it \vi”’-hP; nhqu_ed;
that the figure registered actually appears in the
proper place in‘the indicator, provided the latter

; - had previously been set to zero. | ‘

A number composed of two or more signifi-

| cant figuréS is placed on the Arithmachine, by
| indicating the several figures successively, as
abolvi described, and it is practically immaterial
whetBer the figures are placed from the left to
the right or from the right to the left, as far as
the mechanical operation of the machine is-€on-
cerned, though it is most convenient to register
numbers and amounts as they are pronounced,
viz., from the left to the right. Ciphers, in
whatever position they may be found, are not
registered on the Arithmachine, the place value
of the significant figures being clearly defined
by their position in the indicator and the col-
umnar arrangement of the chain-board.
- Thedecimalrelationofthechainsectionsorcol-
umns may be interrupted or ignored by employ-
ing the chain cover and wheel shutter, to cover
up or remove fromyview any of 'the chain sec -
tions. This originalifeature of the Arithmachine
is of particular valdein operating with common
fractions, denominale quantities, etc., and will
be more fully explained under these heads.

Double Complemental Scales.

- We have so far only referred to the placing
of a number according to the large figures, com-
posing the fundamental numeral scales, on both
sides of the chain board. This operation will
be briefly described as placing a number “large.”
But there are two other numeral scales in the

. B . . .
L ‘ ) ‘ '
. - o
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outside-columns of the frame plate; smatlerin
size'and different in arrangement, the purpose
of which has not yet been explained. = . .
A careful inspection will disclose the fact
that the small figures on the right-hand side of
the chain board are the complements of the
adjoining large figures to 10, while the small
figures on the left-hand side form complements
‘to g with the adjoining large figures. These
‘scates, characterized by smaller figures, are
termed Complemental Scales, and their inven-
tion and utilization is entirely new and original
with the author. ‘ ‘ :
The regu,_lar,"d'eﬁnitior'x of an arithmetical complement
is the difference which a number lacks to 10 or the next
higher power of 10; but we employ in the Arithmachine,
for practical reasons to be explained, two complemental
scales, the one composed of complements to 10, and the
other of complements tog. - :
To place a number “‘small” or ‘“‘complemen--
tally” on the Arithmachine, the small figures
" on the left-hand side of the chain-board are
‘taken as guidance, excepting for the units
figure of the amount or item to be registered,
which is placed according to the small. figures
on the right-hand side. The efféct of this
operation is clearly shown in the following
example: o
By placing 567 “small,” we actually register
T 433 accordingto the largenumeral
—— scale, the sum of which is
= 1000. - In other words, by placing
a number according to the double complemental
scales, we really succeed inregistering the com-
plete arithmetical complement to the next
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comes of\special importance in all arithmetical
processes, involving subtraction, division and
“evolution by mechanical means, and will be
thoroughly explained when the instructions for
‘these op€rations are presented.
The terms “positive” and “negative” for the funda-
_mer‘;al and complemental numeral sqéles'are mislead-
ing,land have been carefully avoided in this connection.
Other calculating machines, having only a ‘single com-
plemental scale, overcome this deficiency by the instruc-
tion to register “1 less” for the units figure, which is a
mental process liable to be ignored and to cause inaccu-.
racies. ) . ’
‘Nines in numbers which are to be placed
“small” or “complementally” are notregistered,
excepting when they appear in the units places.
The small 0-in the  right-hand complemental
-scale points to the small 1 in the large O of the
right-hand fundamental scale, and requires the
registration of 10 according to the large figures.-
In other words, a cipher in the units place of
any number is registered “small” by placing 10
“large” on the pArithmachine, the reason for
this being self-eWident, when the relation of the.
fundamental andicomplemental scales is’ once
understood. With the aid of the fundamental
and complemental numeral scales all operations
of arithmetic may be reduced to addition,
which, while not always practicable, contributes’
. to a better understanding of these processes.

Machine Addition.
To add a “column of figures” or rather a

‘“‘page of items” on the Arithmachine, the
amounts are placed successively according to-
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the latge numeral scales. The best niethod

consists in starting at the head of.the page,
‘resting the machine on the book or sheet, and "
keeping, the figures to be operated on at the
front end of the machine; then moving the
machine forward and downward, always fol-
. lowing up the ‘amounts, and employing the
machine as guide to the figures. 1f in errupted
in the middle of a page or column, the indica-
tot - exhibits the total of the figures added,
while -the forward: end of the ‘Arithmachine
points to the next item to be registered. When
. the bottom of the page is reached the machine
can remain in its last position until the total
has been copied from the indicator.

~ An indirect benefit resulting from the adoption of the
Arithmachine is the ability to at all times pay immedi-

ate attention to outsiders, without sacrificing any part of-

the 'work dane, which is bound to obviate dissatis action
‘in front of the bookkeeper's desk and a considerable
amount of swearing behind it. -

In following this course the items to be
-added are always kept between the ~Arithma-
chine and the operator, while the result ap-
pears at the farther end of the machine, which
is the best disposition, in order to avoid mis-
takes and to-attain speed. With the larger.
computing machines, requiring separate desk
space, these important points . are ‘necessarily
sacrificed. ; .. :

The advantage of being able to keep the
eyes continually on the work while operatin
the Arithmachine, or the convenience: of foigj
lowing the figures of the given column with
the machin¢ itself, must be experienced in or-
der to be thoroughly appreciated. '
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" ILLUSTRATION.

423.56 Partial Results.
12.98 . . 423.56
5645.27 : " 436,54
. 36.18 o 608181
- 5.9 , 6117.99
. 617.23 6123187
+589.46 . | 6740.41
763.25 - 7320.87
200.00 8093.12 -
50.00 ° . 8293.12
8343.12 . 8343.12

Explanation.—By placing the amounts .on the left-
hand side of the above illustration in their regular order
in the Arithmachine, the partial results exhibited on the
right-hand side appear successively in the indicator. It
is evident that columns .of any desired length ‘can be
added by this process without increasing the difficulty
or in any way complicating the operation. -

. The operation of machine addition can also.
be performed by commencing with the items
at the bottom of the page and proceeding to-
wards the top, in which case the head of the
machine serves as guide, and the -Arithma-
chine is particularly adapted tor adding separ-
ate or scattered items without listing them, and
for footing amounts, which appear side by side
instead of under each other, so-called “horizon-
tal addition,” as is often required in retail
ledgers, summaries, recapitulation sheets, etc.

: . ILLUSTRATION. ‘

423.61, 129.82, 647.23,  845.26, = 320.04 | 2,375.50

523.82. ~ 156.24,  635.43, 143.26,  720.63 | 2,238.38

'457.86, 247.89,  720.56,  527.62, ~ §51.422,014.35

124.23, 642.23, 223.42," 323.40, -843.56] 2,656.84

627.49, 529.84, 716.25,  621.52, 122 57 | 2,617.67

2,157.01, 1,706.02, 3,001.89, 2,061.06, 2,076.82 I11,002.80
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_ Zhation.—-The amounts are added horizon

and extepded in each line. They are then footed verti-
cally and'placed under the cOrre§ponding colurnns‘,. The
partial totals are then footed horizontally and vertically,.
which final results'must agree. All these operations are
conveniently performed with the Arithmachin€, and the
danger offconsidering a figure in the wrong place or
column is entirely eliminated. - The skipping over
amounts, in order to place the figures in numerical order -
aiordmg to their ‘location on the chain-board, is not
d

irable.

A-great step forward in mechanical addition
is accomplished and considerable time saved

PLACING SEPA-

P — pare iTENS.
%_—-‘—%__—:— — = ) About1 Half Size.

by grouping amounts, viz.: assist_gng the ma-
chine by performing some of the simpler oper-
ations mentally and registering the intermedi-



ate results, the machine acting virtually in the
capacity of an automatic memory, which, car-
ries the partial totals from the top to the
bottom of the page. The ‘Arithmachine is
thoroughly adapted for this class of work, as it
can be conveniently employed to keep track
of the items already considered, andf because
the itéems to be combined are readily seen in
front of the machine, while those already
added are covered by ‘it. The grouping of
.amounts is-thas easily accomplished and with-
out the least danger of mistake or confusion.

ILLUSTRATION.
: . Amounts Placed. - ‘Partial Results.
450.23 |
12.20 § ..ol 462.43
BOO0.00 } taevennanasonnnnnunesoneennnnnesnn 462.43
6.90 ,
310 ) ceil ... 510.00 »
255 T0 | v et e e e s 972.43
40.00 |
50.00 >
5.00 |
200.00 | ... ... 550.10
1,522,530 cesieriienseeniinnnnn. 1,522,583

Explanation.—The first column contains the given
items, the second column exhibits the amounts placed
in the machine, while the third column shows the partial
results, which appear successively in the indicator. The
braces mark the items which have been combined by
mental operations. T , '

When totals are to be carried forward from
page to page the Arithmachine performs the.
.operation automatically, as ,it retains the last
footing in the indicator, and .is immediately
ready for proceeding with the following page.
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"If a ndw addition is to'be commenced the in-
‘dicator can be set to zero instantaneously: :

Additions, exceeding the capacity of the
‘Arithmachine, can still be performed with it,
by prefixing 1 in front of the highest, and: de-
ducting 1 in the lowest place of the result, as
‘spown in the indicator, for every time the full
I#mit of the machine has been passed. ' For
instance: If the indicator exhibits .042360.43,
and the limit of the eight-column Arithma-
chine has been passed once,. the correct total
would be 1042369.42, which can also be ob-
tained by the lengthy process of adding
999,999-99, which is 1,000,000.00 less 1, to the

result found in the indicator. This rule, of -

course, refers only to such columns, in ‘which
there are no larger amounts than can be placea
on the machine. If such items should occur,
the figures exceeding the capacity of the

Arithmachine must be left for a separate regis-

tration, to be performed after the main process
has been compjeted. ' ~

An extreme tedt, sometimes applied to computing - g

machines and numering devices, isto carry the entire’
series of nines, by the addition of 1 in- the lowest
column. While the Arithmachine is perfectly equipped
to accomplish this task, it ought not to be subjected to
it in a playful spirit, for two reasons. In the first place
there is hardly any practical requirement which necessi-
tatesit,and secondly, it subjects the carrying mechanism
to useless wear and strain. k

If desired by the operator additions can also
be performed by single columns, as in.ordinary
mental footing, with or without mental combi- .
nations, but the great advantage of the Arith-

N
N
i
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machine consists in enabling anyone to add.
any desired number of columns sifmultaneoug»ly,

bringing within easy reach of ordinary calcula-

tors the. enormous advantage’ possessed by

lightning calculators, a comparatively limited

number of specially gifted minds. The simul-

taneous addition of all columns.also sayes the

‘careful going over lengthy columns, the pick-

ing out of scattered figures, the frequent mis-
takes of carrying wrong hundreds or resulting

from crowding two figures into one place’
Considering inadditionto these unquestionable

-advantages the feeling of mechanical accuracy
inthe place of the usual mental uncertainty,

the relief from - nervous strain, the absolute

ease, quiet and comfort. with  which the

Arithmachine can be- operated, and the
ability of grasping the amounts and con-

trolling the chain-board without a turn of- the

head or a move of the hand, who, excepting

those in straitened financial or intellectual

circumstances, would be willing to do without

Goldman’s Arithmachine, when its merits and

benefits have become. fully known?

Machine Subtraction.

. The process of subtraction is performed on
the Arithmachine. by registering the minuend
gccording to the large or fundamental numeral
scales, and placing ‘the subtrahend according
fo. tl;e sr_n{all or complemental numeral scales,
eliminating the 1 .in the highest place of the
result, which appears in the indicator. Inother
words, .in order to subtract we add to the



minuend \the complement of the subtrahend, .
and dedutt from the sum the next highé;:
power of 10. Y
: ILLUSTRATION. _
Minuend  45692.37 Minuend 145692.37A
Subtrahend 16458.79 Complement 83541.21;

) l Difference 29233.58 Total 129233.58

Explanation.—The first illustration exhibits. the
ordinary method of subtraction, while the second shows
the process as performed with the Arithmachine. "By
registering the subtrahend according td the comple-
-mental scales, the difference between the subtrahend and
the next higher power of 10, in this instance 100000.00,
is added to the minuend. The total, therefore, must be
reduced by 100,000.00, in order to be equal to the diff-
erence of the given amounts. _

The elimination of the 1 in the highest place .
of the result in the indicator can be accom-
plished by one of the following methods:

1. It may be simply ignored by the
operator, who fully understands its meaning.

2. It may be rgmoved from view by moving
the wheel shutter pver the place-adjoining the
highest figure in tllg minuend. ,

3. It may be thrown out of the machine
entirely by registering the minuend and sub-
trahend in the left-hand columns of the Arith-
machine. ' | -

The method of removing a figure from the indicator :

“as explained under the head, “Correction of Mistakes,
being somewhat laborious, need not be resorted to In.

this connection.

In placing the subtrahend complementally, it
should be remembered that it must have as
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many places as are contained in.the minuend,
and whenever the subtrahend has a tesser num-
ber, these vacant places are indicated by Treg-
istering ciphers (nines) complementally.

ILLUSTRATION: -
453.26 | 453.26
1681 g8o.19
43345 143345

. Explanation.—The vacant place in the subtrahend is
supposed to contain a o, and the complemental g is reg-
istered instead. - Nines in the subtrahend are entirely
ignored, as they are equivalent to fundamental ciphers,
‘excepting in the units place,where they call for the plac-
ing of the large 1. A o in the units place of the subtra-
hend is registered by placing the large 1 in the second
column, the-complement of o being r1o0.

A more complex method of subtraction
consists - in registering the minuend “small”
and the subtrahend “large,”’ in which case the

difference, appearing' in the indicator, must
also be read complementally.

ILLUS’I"‘RATION.
7. 864329 . - 1356.71
287457 2874.57
576872 4231.28

Compiemental difference, 5768.72. "

Explanation.—The only advantage of this plan is the
elimination of the 1 in the highest place of the result by
means of doubling the complemental process; but it is
an advantage too dearly bought, unless the numeral
wheels. could dlso present-the complements on their
faces, which again would be rather confusing in some
instances. A method of complemental addition is also
possible, but entirely. impracticable.

Subtractions of numbers,exceeding the capac-
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—of tt Arithmachine, can be performed
with its aidl by separatmg the given items into
two sections-and registering the units figure of
the left hand.section of the subtrahend ac-

‘cording- tge the left hand complemental scale,

in case the adjoining figure in the right hand
section of the subtrahend is larger than the
corrg§sponding figure of the minuend. Other-
wise the two sections are treated like two

separate subtractionsand the differences joined

afterwards.

Machine Multiplication.

The process of multiplying is best performed
on the Arithmachine by simply registering the
partial products of the multiplicand by the
figures of the multlpher taking care that the

results of these operations are placed into the

proper columns. The machine does all the car-

‘rying and adding, requiring the operator to do

no more than to register successively -the pro-
ducts of the mulgiplicatien table. The plac-
ing of these proddcts can be proceeded with
from the right to {he left or vice versa, at the
option of the operhtor, the machine carrying
the tens correctly elthe; way.

ILLUSTRATIONS.

1. Tomultiply: 44 by
: _"21 register successively

- 44 then move one place to

the leftand register, 88  when the product

g24 will appearin the indicator.
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2. Tomultiply: - ' 457 by L
~ 324 register successively
.28
20 ) )
16 then move one column to
the left and place- . I4 o : .
" .. 10 o :
; 8 - then move againcone place
to the left and indicate, 21 '
5 . '
£ 12~ when the product -

148068 will be seen in the indica%

 Explanation.—The mind reports 'the products of the
multiplication table mechanically and the ma-
chine does the rest. The advantage of this method
over the old way must be -experienced in or- .
der to be fully - appreciated, and certainly no distinct
illustration in print can do it justice, as all processes
are performed on the Arithmachine on asingle line inthe
indicator. ‘

A still shorter method consists in carrying
mentally the tens of the partial products,

which saves placing a number of figures. on the -
machine. ‘

- ILLUSTRATION. ‘
461.23 - Successive results
21 45. ‘ " .as theyappear
in the indicator.
. 230615 _

184492 2 - 23.0615
46123 - ' 207.5535
92246 - -7 663.7335
e e ————
9893.3835 © 9893.3835

Explanation.—Only the figures shown in the above
illustration are actually placed on the machine. The
tens are always carried mentally. The decimal point is
moved to the fourth place, four being the sum of the
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number of{decimals in multiplicand and multiplier, The
results‘of-a\} operations appear: successively in the indi-
cator. Care must be taken’that the figures are placed
n the proper columns, which can best be done by hold-
ing the stylus-point in the position of the operation just
completedg‘.l.ntnl the -operator is ready to proceed with
placing thé next figure. S

A method of machine mutiplication. advo-
catqd in connection with alarge computing ma-
chine, -consists in placing the multiplier and
the figures of the multiplicand as often on the
-machine as .the figures of the multiplier indi-
cate, or vice-versa. This operation- is some-
what simplified by placing each figure in the
multiplicand as often as the figures of the mul-
tiplier successively indicate, which permits re-
maining in the same row of figures for a time,
by simply chdanging the column.

ILLUSTRATION. :
87 Explanation.—To multiply
- €5 ' 37 by 65, place successively
— 7 five times in the first-col-
77 umn and six times in the
77 second column; then move
77 one place to the left, and
77 place 8 five times in the sec-
77 ~ond.and six times in the
7 third column, when the an-
88 swer 5655 will appear in the
38 indicator. A small example
33 has been charitably taken
38 to illustrate this awkward
38 method. The same problem
8 can be solved by the first
o . method with seven move-
5655 ~ ments, and by the second

with six, while it reduires - not less than twenty-two.
strokes to follow out this plan. : )

In multiplication particularly thé province



—.96--

of a computing machine is. to perform those.

. operations, which are laborious and tedious to
' the mind, particularly the carrying of figures

and the addition of the partial products. These
processes the Arithmachine performs automati-
cally and simultaneously, as soon as the partial
product of anytwo figures-is placed. 4nditis
a great deal safer, better and easier to register
four separate partial products of two figures
each, than to ‘place two different figures in
 different columns, together twenty-two times;
- twenty-two dlstmct .impulses-of the mind car-
- ‘ried out by the ‘hand, not to speak of the
bad effects on eyes and ears, caused by these
~ continuous and rapid vibrations and the
~ deafening rattle of numberless keys. Of
course to the few desmng to become brainless
idiots with strong fists a’similar course is open

on the Arithmachine, while all who wish to re-
- tain their.mental facultles unimpaired, or rather
develop them by congenial and restful exercise,
will never heed such folderol. It is partly due
to the advocacy of such awkward and un-
natural methods that Mechanical Arithmetic:
~has not yet taken the place it deserves in the
school room and the business office.

To multiply ‘large numbers, the product of
which-exceeds the capac1ty of the machine, the
process of “sectional” multlphcatlon is . rec-
ommended. .It consists in separatmg the mul-
tiplicand or mu1t1p11e1 in two or more sections,
to perform the sectional multiplications on the
machine and to’'combine the partialresults. In
deciding how best to do this it will be helpful
to remember ‘that the product of a multiplica-
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tion genérﬁlly requires as- many places as the
sum of the! number of places in multiplicand
-and multiplierindicates. - To illustrate: A mul-
tiplicand of six places and a multiplier of four
places, willeras a rule, result in a product of ten
places, therefore if an eight column machine s .
at one’s command, it, would be desirable to
separhte the multiplier into two sections of two
figures each, the sectional results of which are
both within the eight column capacity of. the
machine. o ’

Note.—The sectional separation of multiplicand and multiplier is
not desirable, as it divides the computation unnecessarily-in too
many disconnected processes.

ILLUSTRATION.

684329 684329 684329

2761 -, 61 : Co27
41744069 684329 4790303
18476883 4105974 1368658
18809432369 - 41744069 18476883

Explanation.—The multiplier .2761 ‘is separated in
two sections, 27 and 61, The ‘separate multiplications .
are then performed oy the machine, and the results
recorded on the erasable tablet or on a separate sheet,
placing the second resul{ two placesto the left, but under
the first. The addition dan then be performed on the
machine, while the two highest figures, for which there
is no room, are simply copied. ~ :

- Space does not permit to present here the
‘numerous contractions, contained in various
books on arithmetic, all more or lessapplicable
or adaptable to machine computation. Those
who are inclined to developtheir ability in this
direction will find a large number of valuable
short cutsand“lightning methods” in Goldman’s
Expert Calculator, which offers also’ many new
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ideas and suggestions with reference to the
manipulation of numbers, not presented in any
‘other work pubhshed

Machine. Division.

To divide with the Arithmachine, place the
dividend in the 1nd1cator, accordlngt the large
| number scale, reserving one place to t}qe left for
the first quotient figure. Then see how often
-thé.divisor is contained in the first partial divi-
‘dend, and register the former according to the.
complemental scales, in the columns occupied
by the latter, as often as it is contained therein.
The first. quotient figure. will appear in the
vacant place of the indicator, and the place or

places first occupied by the partial dividend
will exhibit. the figures of the first rémainder.
A figure of the.dividend is then annexed, and
the operation repeated until every figure of the
dividend has been -employed. Additional
decimals can be computed by annexing as
many cxphers as the capacity of the machine
will permit. Toshorten the process materially,

the products of the divisor by the quotient

figures can be reglstered at once, according to
the instructions given for multlphcatlon which
saves the repeated registration of the figures of
the divisor. The quotient figures appear suc-

cessively to the left of -the partial divisors, in- =~

dicating virtually the number of complements
to the next higher power of ten, which have
been added by theoperation. And so it hap-.
pens that what in mechanical subtraction has .
been found a slightly awkward feature, proves
in mechanical division of considerable value.



ILDBUSTRATIONS.

I, ) 76804
Compl. 5, 5
o 126
25
518
I5
339
35

744
40

8

' 4
2. 89) 986974
Compl. 11, 11

1096
II
10797

88

8854

99

“ 953

3. 327) 684.53
Compl. 673,1346

203053
6057

91100

2019 -

—

3110

2019

3209
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- Explanation.—1. The black-

- faced figures are the figures of

the quotient, which appear suc-
cessively in the place of the

'dividend, until at last the div-
-idend has been entirely re-

moved and quotient and re-
mainder are shown in the indi-
cator. The movable wheel
shutter may be advantageously
employed to follow up the oper-
ation and to point off the partial
dividend nextto be considered.

‘2. The products: of the
arithmetical complements of
the divisor by the -quotient fig-
ures are registered according
to the fundamental numeral
scales, and if complete, this
can be done from the right to
the left, in the order that the
partial products are arrived
at.  Whenever
remainder is larger than the
divisor or the quotient fig-
ure is smaller
number of the multiple reg-
istered, it is a sign that the
quotient figure is 1ncorrect.
In this manner the method of

complemental division calls at-

tention to any mistakes made.

3. In this example two ad-
ditional places of the quotient
have been ascertained by
means of annexing ciphers;
which on the machine is done
automatically, the ciphers ap-
pearing in the indicator to the
right of the dividend. The -
decimal point can be. utilized
to mark the decimal places of
the quotient. - . o

the partial _‘ '

than the-
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NOTE —The units ﬁgure of the d1v150r must always be reglstered
according to the right-hand complemental scale

A little pra&gtlce ought to enable anyohe to
perform division on the Arithmachine without
material difficulty, the processes bemg com-
paratively simple, and, to the beginner at least,
‘exceptionally" instructive and fascn&atmg It
‘the short method of division here ‘explained
provesat first too difficult, the repeated regis-
tration of the divisor can be employed for a
time, until thorough mastery over the process
is attamed
" Whenever the dividend exceeds the capacnty
of the Arithmachine, it can be parted into two
distinct sectxons and the two divisions per-
r tcly The remainder of the:left
s then prefixed to the right hand
section and the operation continued, while the
result of the first division is placed on the
erasable tablet, to be combined with the quo-
- tinent of the second division.

A large variety of- short cuts may be em-
ployed .in*connection with the Arithmachine,
and somel!of the most valuable ones will be
found in Goldman's Expert Calculator, referred’
“to in the- prcf:cedmor chapter. Division can also
be transformed into multiplication with thetaid
.of reciprocals, and extensive tables have been
prepared for this purpose. The best of these
are Barlow’s tables, containing the reciprocal.
values of numbgers from 1 to 10,000, besides

tables of squares and square roots, cube and
cube roots, etc.

‘NoTE.—The Jblack- faced tycf)e denotes the quotleut ﬁguxes, whxch
successively appear inthe indicator.
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Combined Operations.

The fundamentai processes ot computation,
as explained in the ‘preceding chapters, are
frequently combined in actual work, and a few
practical suggestions will prove of value in this
connection. - o

The operations of addition and subtraction
otcur most often in balancing accounts.” The
Arithmachine accomplishes this task by a
single and continuous operation, by registering
the amounts of the larger side of the account
according to the large figures, and the amounts
of the smaller side of the account according to
the small figures’ on the numeral scales. The
difference or balance. of the account appears in
the indicator, without having first obtained the
totals of the two sides.

ILLUSTRATION.

Dr. 43.56 Cr. 61.23

' 3877

21.47 735.46

6434

89 61 ©27.32

. ‘ 7268

57.42 :88.05
Explanation.—\The balance ®88.05 is practically

arrived at on the Arithmachine without: any knowledge
of the total on either side of the account. The small
3, which also appears in the register, indicates the num-
ber of items which have been placed according to the
complemental scales and must be disregarded. 4

This method is particularly valuable in bank
ledgers, as it greatly facilitates the daily ex-
tending of the undivided balances. ,
.- Addition and multiplication are generally
combined in the work of bill clerks, etc., which
requires the making of extensions and foot-
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ings. The products registered on the Arith- .
machine are’ simult@vneously -added and the
totals can be seen at”any time, '

.

Addition and division occur most frequently
in averaging accounts, etc., and the total of the
itemsregistered can be allowed to remain in
the indicator, as it represents at the sar‘xe time
the dividend of the succeeding division. "
" The Arithmachine readily demonstrates its
superiority over mental and manual computa-
tion in preblems of interpolation, which con
sist in dividing the difference of two given
amounts by a certain number, and adding or
deducting the quotient successively to or from
the smaller or larger amount, ‘until the other is

reached. o C
Subtraction and multiplication and subtrac-

tion and division are not required as often as
any of the preceding combinations, though
they can also be performed with ease on the
Arithmachine, and as a rule permit the result
of one operation to remainin the indicator, and
to be employed in connection with the other.

- Perhaps the most common of-all combined
processes is multiplication and division. It
occurs in the solution of preportions and
equations, in the ‘reduction of ‘denominate
quantities, and in a hundred and one computa-
tions too numerous to mention. In nearly all
instances it pays to divide first and to multiply
‘afterwards. By so doing the calculation is
materially decreased, and while this suggestion’
may appear superfluous to -many, it is a fact,
nevertheless, that it is seldom heeded. ‘
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mmon Fractions,

In corhputing with- common fractions it is
best to reserve the right-hand columns of the
Arithmachine for the purpose, and to make the
separatioff complete the chain-cover is inserted
over the third column. L

,'ilo-ad_d comman fractions of the same de-
nominator the numerators are registered. in the
right-hand columns, .according to .the large

numeral scales, and the sum reduced by regis-
tering the next lower multiple of the denomina-
tor, according to the small numeral scales, and
placing the number of the multiple in the .
columns to the left of those reserved for frac- -
‘tions, representing integral or whole numbers.
In case the fractions are not of a common de-
nominator, they should first be transformed, by
employing the process applied in such cases in
mental or-written arithmetic, utilizing the Arith-
machine to register the partial results. The
movable wheel shutter can be used to exhibit
the same separgtion in the indicator, which
has been-effected on the operating surface with
the aid of the chhin-cover. ‘

When adding cemmon fractions, which have
a common denominator larger than 10, it is de-
sirable to set aside the -three right-hand col-
umns of the Arithmachine, to accomedate the
placing of the required multiple of the denom-
inator on .the chain-board, in order to extract
from the sum the number of wholes contained
therein. o ‘ .
This process is illustrated on the succeeding
page. '
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~ ILLUSTRATION:"

4% | 3 Explanatron —The chain-cover is placed
15/ 4 over the 3rd column, and the number of
6 eighths correspondlng to each fraction are
14 / | 1 registered in the first rlght—hand .column.
254 | 2 - Over the total 37 register eomplement-

65% | 5  allythenext lower multiple of 8, which s 32,

27% | 7 and the 4, ¢ presentmg the number of the
2538 (- 3. .mt e, is.carried in the column to the
6% | 2 ‘left of the chain-cover. Thel whole num-
45% | 4  berscan be registered SImultaneously with
.+ ‘| —  the numerators, so that the final total is
e ¥4 reachedin the whole and fractional columns
4 32 at the same time. The'r appearing in-the

e e indicator between the spaces reserved for |
177: ad ;%f whole and fractional numbers’is removed

from ' view by the wheel- shitter, which
completes the separation of the Arlthmachrne into mde-
pendent subdrvrsxons
xample simply serves to illus-
1ethod of utilizing the Arithmachine.
n operatmg with common fractions, which can
be modified to fit specral requlrements and con-
ditions.

Subtraction is performed by registering the
numerator of the common fractionin the minu-
end, according to the large numeral scale, and
the numerator of the fraction in the subtra-
hend, according te the small numeral scale.
Whenever the numerator in the fraction of the
minuend is smaller, increase it by one, ex-
pressed by the denommator before qubtractmg .

ILLUSTRATION
15 316 16 Explanatron—The one which s car-

3 ried is made allowance for by register-
.~ ing. the units figure of the subtra-
. 19 hend according to the left-hand ‘com-

8 916 9 .plemental scale. The 1'which appears

9t 91 in the highest place of ‘the difference

is ignored, as is usual in’ subtraction
o6 110116 of whole numbers.
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- Multiplications with common' tractions re-
solve themselves into the-corresponding op-
erations of whole . numbers, according to well-
known principles. But the method of multi-
plying, b# making use of aliquot parts, which
is favored by many on account -of its brevity,
is perfectly adapted to machine computation,
as will be seen in the following illustration,
especially if only a limited number of decimals

;s required:

ILLUSTKATION.
16.27 Explanation.——The partial products
1474 of the multiplicand by the whole num-
ber of the multiplier are registered
18508 . first, then the parts of the multiplicand,
4627 | - which constitute the 7% of the multi- .
2314....%  plier, are successively registered, pro-
1157.... % ducing an approximately correct re-
578.... %% sult, which is exhibited in the indicator
: opening. ’
688.27 .

~ Division can be resolved into multiplication
by inverted divigor, therefore no special in-
structions need b given in this connection.

In employingithe Arithmachine common
fractions can oftén be readily reduced to deci-
mals and the computation performed as with
whole numbers. ' : '

Denominate Quantities.

~The machine fﬁqthods ot computation with
denominate’ quantities somewhat resemble
those employed with common fractions, the
chain-cover being utilized in a similar capacity.
The resemblance is indeed quite natural, if one -
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considers for a moment that fractions are sim-
ply quantities of different denominations.

The foﬂqwing ill‘usévratiqns‘ elucidate the pro-
cesses and require no lengthy explanations:

1ILLUSTRATIONS.

1. £ 14 "5 3 Explanations.—The chain-
6 17 1II ‘covers and shutters are placed, as

8 3 5 shown in the cut, in order to re-

29 II 7 serve places for shillings and
65 23 8 pence. The amounts are then
.2 14 IO registered in the regular way, and
.14 8 o the resulting totals are reduced by
23 7 6  deducting the next .lower multi-

5 18 3 ples of 12 and 20, by placing these

16 5 I complementally and adding the
5475 quotients in the respective col-
- - = umns. Spaces for a gross total of
116 63 599 pence and ggg shillings are

100 6o provided for, which covers all prac-
B tical requirements. . This method
4187 16 3 makes the addition of pounds,

shillings and pence as simple as that of doliars and
cents, the reduction at the bottom of the page being
practically instantaneous, if the operator has any experi-
ence with English currency. .

2. 67 bu. 53 Ibs. - The figures of the subtra-

16 ¢ ‘14 “ hend are ‘placed complemen-
84 86 - . tally, the wheel shutter between

—_— — "~ the bu. and lb: columns cov-
51 bu. 39 lbs. ering up the 1, which appears
, in the indicator. The r in front
of the difference in thie bu! columns is either ignored
or eliminated. In case thé number of lbs. in the minu-
end should bé less, add first the number of lbs. con-
tained in a bushel, and register ‘the bu. of the subtra-
hend, according to the left-hand complemental scale, to
allow for the 1 which has to be carried. -
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3.23 11”7 ° 3. Insert the chain-cover and shut-
y 8 ter over the third column and register.
— —  first the product of 23 by 4 in_the ft.
92 ~ columns; then of 11 by 4 as inches,
+ 8 . reducing as you proceed, then of 23

15 4 by 8, and 11 by 8 as inches, dividing
7 the last product by 12 before placing

— it on the machine.. By deducting 12

19 from the sum in the in.{fcolumns and
L 12- ' addipg 1 to the ft.columns,the correct
-, result appears in the indicator.

Denominate quantities :may also .in many
instances be advantageously reduced to deci-
mals, and can then be manipulated like  whole
numbers, which greatly simplifies the process of
Divisi¢n. . . ‘ | ' :

Note.—It ,r'r‘igy .be new to some that one cannot multiply

dollars and cents’by dollars and cents, which is nearly as absurd as
taking four apples three pears times.’ . .

‘. Miscellaneous Computations.

‘The natural limitations of this work - do
not allow us toexplain in detail the many prac-
tical applications of the basic processes of
arithmetic for the different commercial, educa-
tional and scientific requirements. We will
briefly touch upon a few, each representative
of aclass, and giving some idea of the broad
field of usefulness of mechanical computation.
Problems of percentage are, perhaps, the most
frequent, and .among these the addition of a
certain per cent of profit to -a cost price, the
computation of interest on a note, or the figur-
ing of discounts are of constant occurrence.
The Arithmachine assists in performing any-
~and all of these processes, and a few examples
will serve to fully demonstrate its utility.
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TLLUSTRATIONS.
. L Cost price $1.54, profit 334 &; selling price?.
, 2% :

e

B4

© $2.05 Answer. A
The simplg-registration of the cost price and profit
gives the result. The addition is performed simultan-
eously by the Arithmachine. ‘
2. l$546°23 for 3 mos. 14 days, at 6%; interest?
0.0 . o
.. 36

—

’

$0.46 Answer.

- Five straight and short movements of the stylus, per-
formed in less than three seconds by one familiar with
the rule, produce the result. .

-3, Amount, $45 23; discounts, 5¢, 10 and §%; net?
~ 22.62 : '
- 20.36 : '
. $10.34 Answer. ‘ :

Not more than 12 figures need be placed on the Arith-
machine to give the correct answer, an effort conven-
iently performed in half the time required by the pencil
methods. :

The shortest methods of computing interest
and discount, partipl payments, present worth,
compound interes}, premiums and annuities,
foreign exchange) arbitration, investments,
ctc., are contained in Goldman’s ** Short
Methods  for  Computing. Interest and Dis-

count,’ to which those who wish to post them-
" selves thoroughly in this direction are referred.
The Arithmachine will also prove of consider-
‘able assistance when interest and discount
tables are employed, performing all the inci-
dental additions as fast as the amounts can be
- read, and doing away entirely with the use of
pencil or paper in this connection. :
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“NOTE=Smith’s, Pt‘estons “Dean’s; Clarke s,*etc “are among the
best interest tables, and for compouud discounts we can recommend
‘Ladd’s Discount Book, Jennings’ Discount Tables and the Combi-
nation Discount Calculator S e,

“Another class of computatlons often neede\d
and rarely understood, is that refetring to the
averagmg of accounts equation of ‘payments,
‘ nt, etc. The Arithmachine can
e advan eousl employed to perform all the
'operatlons connected with these computations,
and, Goldman’s “New Method of Averaging
Accounts)’ etc., presents the' latest and best
methods of solving problems of this kind.

'Powers and Roots.

number to the 2nd 3rd, 4th, sth,
“the following formulas will serve
in the place of lengthy instructions; « and &
representing the figures of which the number
~is composed, @ being supposed ‘to represent
tens with reference to 4. The arrangement of
the results is somewhat different from that
generally found in algebraical text books, but
~s believed to be better adapted for use inm
connection with the Arithmachine. The ex-
ponents not only indicate the powers to which
the different figures of the number must be
raised, but at the same time the number of
places which must be reserved for the partial
results. From this. it "is readily inferred that
the 2nd power of a number, composed of two
figures, cannot contain more than four places,
the 3rd power not more than six, the 4th power
not more than eight, etc. ‘ [
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FORMULAS.

2nd Power :Ma+b)= a2_|._(}z_'l_2 ab
grd ¢ (atbP=a*+bH3al+- 3ab®
ath ¢ (atb)r=att+b' 407+ 6a%6* - dal?

5tho. (a {-bP=a’+8°+5a*6-+10a%0* 150"+ 1000
. ele. | ele. o ele. .
ILLUSTRATIONS. - EXPLANATIONS.
I. l472 = 1649 ~ I, Place the squares of 4 and 7.
‘ 28 in the indicator, allowing two
28 places for each. Then register

L — the product of the two figures re-
2209 peatedly in the second place,. and
~ the complete answer is obtained.

2. Place the cubes of the two

. figures in the indicator, allowing
2. 62°—216008  three places for each. Then reg-
' 216 ister in the third place the prod-
72 uct of the square of the first by

—_— the second figure three times, and
238328 in the second place the product

' of the first figure by the .square of

the second figure three times, and

- the result appears in the indicator.

The same methods can also be applied to
_larger numbers, and higher powers may be ob-
tained by multiplying those of a lower order,
the second and skcond producing the fourth,
the second and thitd, the fifth, etc. - A number
containing two decimals exhibits four in the
second power, six in the third, etc.

To extract the second, third, fourth, fifth,
etc., root of a number the following formulas
will suffice to point out the process, @ repre-
senting the figure ‘of the root already found,
and & the next figure to be ascertained, also
remembering that 2 is to have ten times the
place value of 4. The number must be separ-
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ated from the right to theleft into periods, and

the highest exponent of 2 indicates also the

number of figures in each period.
FORMULAS. . s

2nd Root : (a-+b)*~a*+b (*a+0) DO

37d Root: (a0~ @6 (a*+3 ab’+0b) -

4th Root. (a--b)t =a+-b(y a’+-0a°b+y ab"—l~/§€£jr v
5th Root : (a+-b)°=a’+-b( sa*+tr10 a® b-+15 a* 6% -10 ab*+04)
e Aot e ko
 TLLUSTRATION. " Explanation.—Place thegiven
s number in the indicator, leaving
4, 45, 20 - eneplacevacant to the left, and
16 - .. part it in periods of two figures,
e . with the aid of wheel shutter
20, 45 231 and decimal point. The first fig-
BG.E ure being 4, its square root is 2,
—— ‘ which, registered twice com-
104.21 421 plementally, produces 20, the 2
Sy of this sum being the first root
- - figure. Considerthe next period,
1000 _ 45, and form the trial divisor

to the right, by doubling the
first root figure 2 and annexing I, indicating how often
41 is contained in 45. By registering 41 complementally
_as §g, the next root figure 1 and the remainder o4 are
obtained. ‘Bring down the next period 21, double the
number expressed by the first and second root figures,
. annex I, which indicates how often 421 is contained in
421, and register this number complementally as 579,
which produces the 3rd figure of the root and leaves no
remainder. It must be remembered that all these pro-
- cesses appear in the indicator of the Arithmachine ina
single line, the given number being registered to the
i left and the trial divisors to the right. If -preferred,
especially in extracting higher roots, or when operating
on larger numbers, the trial divisors can be placedon the
erasable tablet or on a separate sheet. e *

Whenever it is desired to obtain a larger
number of ‘decimals, ciphers can be annexed,
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acqordin”% to the limit of capacity ot the
machine eémployed. About ‘as .many more
places as have been computed by the regular
method can be ascertained by simple division
of the las#remainder by the last: trial divisor.
" The method of  extracting squdre roots by
regigtering successively the odd numbers 1, 3,
5, 7,19, etc., complementally until the largest
square_contained in the first period has been
deducted, is too cumbersome for practical use.
Supposing the first period to be 83, it would
require the complemental registration of 1, 3,
5, 7,0, 11,13, 15, 17, in place of the simpler
process of registering 9 times 9 complementally, -
which is equivalent to 9 times I or 9, which
added to 83 produces 92, the root figure 9 and
the remainder 2. The above method is based
on the fact that in the series of the odd num--
‘bers: 1, 3, 5 7,9 II, etc, the sum of ‘the
terms is equal to the square of the number of
terms. . o

2. L .

43

t 134
P37

¢ 143454749, etc,, etc.

bt

[P

un .I-‘-I-

NoTE.—In the series of the even nuu}bers', 2, 4, 6, 8. 10, 12, 14, etc.,
the square of the number of terms, increased by their number,
cquals the sum of the terms. L :

1e-b1o2 . .
2t 21
a3 26
4y 240+
S5 2t
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- ILLUSTRATION.
v'99,252,847=463 48 -
64 - .72
36 .36
135,252 - 15556
33,336 6348
66,664 414
ety 9
lar1,016,847 e
1916,347 : 638949 |
8083 1_5 3 i N
looooo‘oo

Explanatlon —In the above illustration the result is
recorded in the erasable tablet, while the computation
‘ot the trial divisor can ‘be pcrforrned on a separate
'Anthmachme or.an extra sheet- of paper. The 11-col-
umn Anthmachme is particularly adapted for problerns
of this kind.

For extracting higher roats the methods em-
ployed in “manual arithmetic may be utilized,
with slight modifications, in connection with
the Arithmachine. The fourth root can also
be ascertained by extracting the square-root of
the square root, the sixth “root by extracting
the square root of the cube root, etc.

Logarithms.

The Arithmachine is splendidly adapted for
the performance of all logarithmic and trigo-
nometric computations. In order to utilize its
capacity to the fullest _extent, it may be desir-
able not to reglster the characterlstm but.
only the mantissa of the logarithms to be-
operated upon. The movable decimal point
and sliding shutter will prove of great’ assist-
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ance, whil¢ the double complemental scales will

be found ah indispensable feature in this con-

nection. - :
ILLUSTRATION.—Express the circumference of the

globe in inches, knowing its radius to be 3,958 miles:

Radius of the globe in miles 30958 . 3.507486
Relation of radius and diameter 2. 0.301030
Relatijon of diameter and circumf. - 3.141593 0.497150
Feet cbntained in a mile , 5280 3.722634
Inches equivalent to a foot 12 1.079181
‘Answer, 1,575,690,000 in. “Total, 9.197481

Explanation.—The logarithms of the given numbers
are taken from the tables and immediately registered on
the Arithmachine, which simultaneously accomplishes
their addition. As soonas the sum is ascertained, the

corresponding numerus is found in the table.

The subtraction of logarithms, another freé%
quent requirement, is performed by simply’
registering the subtrahend complementally on
the Arithmachine. o

"Thereare two systems of logarithms in use—
the hyperbolic or Napierian system, the
base of which is 2718281828, and the common
or Briggean syst§m, generally employed for
-practical purposes,{the base of which is 10 The
best logarithmic aNd trigonometric tables are
those by Schloemilch with 5 places, Bremiker’s
with 6 places, G. von Vegas with 7 places,
_Callet’s with 8 places of decimals, while the
more accurate astronomical calculations re-
quire 10 place logarithms, and as a natural
consequence Arithmachines ofatleast 11 column
capacity. Gaussian logarithms, named after
the German mathematician Karl Friedrich
Gauss, are intended to facilitate the finding of
the logarithms of the sum and difference of two
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numbers and are often demgnated as addltlon
‘and subtractlon logarithms. ; ,
We cannot attempt in the hmlted space at -
our command to give any instruction in the use-
- of logarithms, but simply desire to point out
the utility of the Arlthmachme in thbs connec-
txon o
Correotlon ot' Mlstakes

A The mere placmg of the stylus pointin any
‘subd1v151of1 of the chamzboard or its depres-

sion even, produces no change in the indicator; -.
V"therefore if a mistake is noticed before the for-
ward movement of the chain has been started,
this initial step to ‘the registration of a ﬁgure
may be entirely ignored. This. point repre-
‘sents a great advantage over other computing
machines, where the’ slightest touch of the
- operating mechanism results in a derangement
of the register. In the Arithmachine. the
chains, forming the operating surface, are
locked and only the deliberate effort of the
arithmachinist can set them i in motion, so that
an .error can even be corrected “bef01e it is .
‘made.”

If, however, the placmg of a figure has ac--
tually been commenced, viz, if the chain has
changed its position, it is safest and best to
complete the stroke and to em ploy one of the
following methods of correcting the mistake:

If a mistake has been made in placing a fig-
ure and noticed at the time, it can be speedlly
corrected by addmg or deducting the differ-

Nore.—The: correctmg ‘of ' 'mistakeés during the very act of

placing a figure, while possﬂalc with specxa] care, is not recom-
mended., i

o
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ence bétyeen the corrcct and wrong hgures to
or from the figures next to be registered in the
same column. A S B SR
To remove-a figure from theindicator, which
is equivahent to erasing it, place the figure com-
plementally in the same column, and complete
the process by registering ciphers (nines), ac-
cotding to the small left-hand scale to the left
of the figure in question. | S
ILLUSTRATION. ‘ ; .
; Explanation.—The registration of the
00045632 complement of the figure to be removed
999994 and of complemental ciphers to the left
—_— of it, has the same effect as deducting
00045032  the figure from the amount which ap-

: . pears in the indicator. "

To increase a figure in the indicator add the
-desired difference in the corresponding chain
‘column, and to decrease a figure in the indica-
tor place the desired difference complemen-
tally in the corresponding chain column and
register complemental ciphers (nines) to the
left of it, according to the instruction above
given. ‘ o
~ To remove twé or more figures from the in-
dicator, register Yhe desired figures comple-
mentally.in the corresponding chain columns,
according to the instructions given, and place
complemental ciphers to the left of them.

ILLUSTRATION.

-4

002347.81 Explanation.—To remove the fig-
999992 2 ures 7 and 8, register 78 complemen-

—-- - _tally and place complemental ciphers
00234001 to the left of them.

NoTe.—This process can be shortened by placing the wheel
shutter over the first unoccupied place in the indicator, and stop-
ping the registration of complemental ciphers (nines) as soon as the
corresponding chain column is reached. T
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~To remove an amount entirely from the in-
dicator, set the Arithmachine to zero, which is
desirable in all cases when more than three
figures are to be removed or corrected.
’ o Machide - Proofs. -

A thoughtless argument ‘againvst'th% adoption

of computing machines is that the results ob-
tained by mechanical processes are not proved
to’be correct. When a bookkeeper has com-
pleted the mental addition of a long column-of
figures he is certain of one thing, and that is
‘that he does not" know whether the total is
‘right or wrong. . He generally repeats the
work in the opposite direction, and if he finds
the same result, well and good, if not he is in a
“muddle.” ‘In neither case is there any mathe-
matical certainty with regard to the accuracy
of the work. If the Arithmachine saves time
and labor and mental strain in the first ‘opera-
tion, it is self-evident that it will also do so in
the second, with this advantage that there is
much less liability of repeating a ‘mistake on
the machine than in mental computatioen.

But while the repetition of the process is still
employed by many as a means of verifying re-
sults, there are a number of methods fer prov-
ing computations, known as ‘“check-number
methods,” which are much mere rapid and at
least as reliable, and which are well adapted
for use in connection with the Arithmachine,
by reserving the two left-hand columns of theé
machine for proof-work, and registering the
check-numbers simultaneously with the given
amounts or' separately.. These methods are
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fully described and illustrated in a separate
pamphlet, entitled “ The Arithmetical Detec-
tor,” which explains all known check-number.
methods thoroughly, and -besides contains
many’ applications which are entirely new and
original with the author. = -
When taking off trial balances the Arith-
m}chine can be employed to perform all the.
additions and subtractions in the ledger ac-
counts, as well as the drawing off of balances,
and in all cases where a trial balance contain-
ing the names of the accounts is not required
the Arithmachine will- serve as a means of
proving the ledger, by registering the bal-
ances on the machine and proving every
section of the work with the aid of
Goldman’s Advanced- System for Locating
Errors, which is now successfully employed by
thousands of bookkeepers throughout the
United Stateés and Canada, who have either se-
cured the complete knowledge from the author
and his duly appointed representatives, or some
imitation or adgptation through traveling or
resident impostdrs. This system, with many
recent improvements, is extensively treated’in
a copyrighted work puyblished by the inventor,
and those who are not-in possession of it will
do well to secure it, if at all interested in the
subject. We particularly warn our readers
against a number of book pirates, North and
South, offering this system in incomplete form,
or some impractical variation of it under fan-
tastic titles, and by making false claims or
promising catch prizes, try to entrap the un-



—120—

suspecting and to appropriate the results of
our labors. R T
Speed Drills.’

It will, perhaps, appear somewhat out of place
that the chapter bearing this title is presented
in the last pages ofthis work. A good excuse, '
however, is found in the fact that gll a book:
can y accomplish is to convey useful

d to give practical directions,
and that the attainment of speed depends al-
most wholly upon individual qualification and
application, over which .neither the author nor -
the book have any control. Furthermore, the
first considerations in the study of Mechanical

t any other science are the acqufsi-

nd the mastery of principles, .
inment of speed is something
which does not belong to- the science itself, but
rather to the art of applying it.

In comparing the speed attainable on. the
‘Arithmachine with that of mental or manual
arithmetic, the following facts will demonstrate _
the advantages of Mechanical Arithmetic. In
addition the mental carrying as well as the
combining of different figures into one sum are .
saved ‘and the danger of mistakes in perform-
ing these operations avoided. In subtraction
the mental process of ascertaining the differ-
ences as well as the carrying and borrowing, with
their accon}p»a;tfy,i‘ng liability to error, ‘are re-
moved. -In multiplication the mental carrying:
and adding of the partial products are done:
away with, -the, machine performing all pro-
cesses simultaneously. In division the multi-
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phcatlﬁi of the divisor by the quotient figures
as well the subtraction of the products, are
performed at the same time. - Besides the men-
tal and manual effort of writing or forming the
figures "is#practically avoided, the motion of
the hand and fingers being equivalent to that of
forming the figure 1, the simplest and most
rapillly executed of all digits.. The length of
the stroke makes little difference within cer-
tain limits, as one can drawa straight line of 1/,
Y, 101 2 inches in about the same space of
-time. . The machine also saves the registering
of all c1phers which in ordinary columns repre-
sentabout 20% of the work, being employed to
indicate the place value of the significant
figures. For instance, $2,003.50 is placed with
three strokes-on the Arithmachine.
- To attain speed and precision in operatmg
the Arithmachine the following fundamental
rules must be 1nvar1ab1y and scrupulously ad-
hered to:

1. Depress the Stylus point fully, to insure the .
free and easy mov Pnent of the chain.

2. Hold the sty§us vertically, to prevent frza‘zon :
with the partitions dnd to preserve the prover align-
ment of the chain links.

3. Look akead while comp!ez‘zwg @ stroke, so that
not a moment's fime will be wasted in ﬁzzdmg the
place for registering the next figure. T

These rules are very easily observed, and as
soon as the correct habit of mampulatmcr the
Arithmachine ‘is formed, they will be almost
instinctively complied with.

In addition to these rules, a few practlcal
suggestions will prove of value:
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1, Always consider a number of amount ag
a whole, which is to be placed ‘continuously, to
avoid the delays:occasioned by repeatedly re-
ferring to the blank book page, etc. .
2. Keep the next item or number to bereg-
Jistered in full view, so that the éye becomes
accustomed to reading the flgures, while the
‘through the mechanical ptocess of

ylus point. i
3 neither the Arithmachine nor
ything else covers the figures to be operated
on, holding the example clearly before you,
er i mind, on paper or on the erasa-

ble tablet attached to the machine. ,
. When performing addition| the most fre-
‘quernt and impqrtant of all arithmetical opera-

tions; try to take single amournts in one men-
‘tal grasp,and two or more if practicable. Com-
bine these items into one, whenever this can be
accomplished without mental strain. For in-
stance: $345.00, $5.00 and 75 cents can be
easily and quickly combined and $350.75 regis-
tered. This will increase the operator’s speed
wonderfully, and besides develop. one’s mental
alertness, fully as useful as the mental aptitude
at figures in general, and much less straining.
.The greatest advantage of the Arithmachine
‘will become apparent in very long and heavy
columns, as the carrying of figures is entirely
avoided, all- columns being added simultane-
ously,and the' liability to error materially de-

creased.

NotTe.—~The Arithmaghine could also be operated with two
stylus points, the one placing a figure while the other takes its posi-
tion for registering another, f s ) s
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~One of{the most important elements in the
_acquisition of:speed is a thorough knowledge
of the chain-board. The accompanying illus-
tratlon glves the imaginary appearance of the
chain-board, the location of the
- figures and the distinction of
-the columns, which must be-
come so famllxar to the operator
that any desired number , can
be instantly placed, w1thout
- reference to the numeral scales.
A very helpful drill adapted
for. this purpose consists in
repeatedly and systematically placing the same
figures in different columns, commencing with
the row of ones and proceeding to the row of
~nines and vice versa, and then registering the
different figures in the same columns, com-
mencing with the one and proceeding to the
nine and vice versa, and going from the first
column to the elghth and back again to the
first.
Another exerci?ﬁ quite as serviceable, is to

=N WA U O\ 000
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register certain arpounts containing a variety
of figures, such as X43.59, 647.81, etc., 10, 25 or
. 50 times in succession, or to perform a given
example repeatedly, and to note the time it re-
quired to complete the task. In trying to at-
tain proficiency, however, accuracy and preci-
sion should never be sacrlﬁced on the altar of
speed, as it is ev1dently much better to obtaina.
correct result in ten seconds than to arrive at
two wrong ones in half that time.

There is practically no limit to the speed
with Wthh the Arithmachine can be operated



—124—

_as the rnechamsm responds-to-the most-ra
movement of the hand. Everything depends
upon individual skill and alertness. The rec-
ord of one opelator may be easily broken by.
another, and a tew months’ practice will de-
_velop operators of such a degree of proficiency
- as to enable them to make a profession of
operatmg the Arithmachine and secureta hand-

me income as arithmachinists. Fornotonly
in the service of other firms, but also in the
interest of spreading the adoptlon of the Arith-
~machine, exceptional opportunities will be
offered to those who have become expert-in
its operat:on and it is our intention to encour-
age practice and development by arranging
from time to time speed contests with cash
prizes for expert manipulation, to which Arith-
‘machinists in all parts of the United States and
Canada will be admitted free, and, by a novel
plan of competition, without leavmg their own
home or locality. Particulars will be cheerfully
furnished by the author to all who wish to
participate in these prlze contests.




CONCLUSIVE.

OI![PUTING machines in general occupy a unique
' Position in the mechanical world inthis particuliar,
- that they are practically the only  appliances
intended to perform brain work, and the Arithmachine
takes an exclusive place among computing machines,
being the first and only mechanism ever invented,
possessing the essential requirements of a practicaland
popular device of this kind. Itis confidently believed
to mark a new era, not only in the construction of
arithmetical machinery, but also in the instruction in
practical arithmetic, demonstrating- the commercial anyd
scientific importance of Mechanical Arithmetic,and mak-
_ing its wider dissemination and adoption possible.! . |
The substitution of matter for mind, of physicsil
force for mental energy, the = utilization of space to
save time and labor, form the characteristic features and
advantages of a practical computing machine. The
Arithmachine possesses these features and gives these
advantages in a higher degree and to a greater extent
than any other computjng device known at the present
time. It saves time befause it carries any desired num-
ber of columns simultageously, responds to the slightest
impulse of the hand,‘does away with the placing of
ciphers entirely and registers the results as fast as num-
bers can be read. It saves labor because it relieves the
mind of all straining effort, and the hand of the nerve-
racking depression of keys. - .
It is claimed by those interested in key computing
machines that thése are superior to any operated by
other means, stating by comparison that the key type-
writers are considerably in advance of the single-hand
writing machines. = But the analogy is lame. In adding
long columns, for instance, it is not practicable to fix
one’s eyes upon the keys and to use both hands in strik-
-ing the keys, but, to avoid omissions, repetitions.and

A
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other mjstakes, it is necessary to employ one hand as a
guide to the figures, which bkg‘efgre becomes useless in
operating the machine. TakMg into consideration the
delay and annoyance and mental strain occasioned by the
continuous change of the field of vision from the key-
board to the figure column and vice versa, and the
ground which has to be traveled over by the fingers of
both: hands in- different places, it becomes évident that
the fancied superiority or claim of superiority off the key-
cor r machines, by which we mean those of consider-
ble proportions, carrying all columns simultaneously, is
based upon-a fallacy. In fact, practice .demonstrates
yre than arguments that a compact and efficient me- -
1anism, like the Arithmachine, which permits the sim-
“ultaneous observation of the operating surface and figure
~columns, which avoids the constant twisting of the head
or moving of the eye, which does not require the going
over a wide space by the eyes or -fingers, which does
away with the noise and rattle characteristic of -all
key machines, and. so objectionable at the accountant’s
desk,and which relieves the nervous strain caused by the
constant pounding of the finger tips by the keyboard or vice
versa, not to mentton other advantages, as difference in
price, size, weight, etc., is much more desirable and effect-
ive for general office use, than the high-priced andheavy
-weight devices. While it is possible that one operating
these for a long time, keeping in continued practice and
doing nothing else, could attain slightly greater speed
than 1s practicable on a really practical machine, the
fact remains that the Arithmachine is better adapted for
99 % of the work which is required of a computing ma--
chine, that it can be much more rapidly mastéred and

with much less practice than is required by the key,ma-*
chines, in order to attain even ordinary speed. Further-
more the delays occasioned by excessive size and weight,
the getting ready for work, etc, being removed, the
Arithmachine more than matches the key machines as a
labor saver, while eclipsing them altogéther, when can-
venience of manipulation, lightness, noiselessness and
cheapness. are taken in consideration. ‘ o
-Inthe key-operated machines every. key must be de-
pressed separately, distinctly and until'a hard bottom ‘is
reached, in order ta properly actuate the carrying me--
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chanism, whidh permits only thé use of a single finger

“at a time, and theé multiplicity of figures (144 in the

eight column machines),and the continuous vibration or

-banging of the keys, are serious obstacles to the at-

tainment of. tgé'greatest speed. Inthe Arithmachine a]l
these conditioffs are changed. An operating surface of
234 square inches takesthe place.of a large area of keys,

“The “touch” of the Arithmachine is light.and elastic, the

movempnt of the chains easy and natural, and the eye:
always "rests upon a surface in complete repose, which
greatly assists in selecting the place for the next figure
to be registered, Inthe key listing machines, a lever or
crank and printing mechanism must be .operated in ad-
dition to the manipulation of the keys, while a listing
Arithmachine could easily be nstructed, avoiding
these objectionable features, should the demand justify
its manufacture on a large scale.

A few imagine that the Arithmachine] being small in
size and light in weight, ought not to cost more than the
different toy devices now offered to the public under the
name of adding or computing machines. But the fact
is generally lost sight of " that there is no other comput-
ing machine known which accomplishes as much, and
that not quite as satisfactorily, which is offered for less

~ than five times the price asked for the Arithmachine. It

costs time and money to construct a mechanism of the
quality and accuracy of, the Arithrhachine, and its small
size, which is one of ity most important features, if con-
sidered from a practica) standpoint, is at the same time
an element of consideraple expense. In fact it would
be mich cheaper to build it twice its present size and
weight, which, perhaps, would make it appear more
precious to those who judge the value of a computing
machine by its outside dimensions. But a Waterbury
watch costs less than a fine Elgin or Waltham move-
ment, and a large alarm clock can be bought for fifty
cents.: N - :
The fear, entertained by some, that the introduction
of a really practical computing machine, would bave a
tendency to .decrease the mental ability of operators,
somewhat resembles the misgivings expressed in former
days that the invention of the steam engine would result
in the shrinking of the muscles of civilized man. But



juxgt‘ the reverse is true. ‘Nfe(‘ihaniéafl,Arithme_‘tic judie-

Ioisly applied has & tend

10 enlarge the intellectual
capacity of those Who

ersant with 'it, by
saving it for work
not one dulled by the
avoiding the wear and strain -
ng and tedious computations.
noble souls to see others
hgures, th s really nothing elevating’
yoting fifty or a hundred pages, “sixty
x figures wide.? i -
. ns, that'a computing machine, possess-
desirable qualities of ours, which is free.from the
detects of others, will be favorably received by the com-
- mercial and scientific ‘world, are already commencing
" to be realized. = Words of praise, and the more palpable
f kind of encouragement, which is expressed by the short
and significant word “orders,” have come to us from
every part of this continent and even- from' foreign
countries, and while we do not expect everybody to buy
a machine on sight of a circular (which would tax our
manufacturing facilities to the utmost), we are con-
vinced that the truly progressive will be glad to avail
themselves of its time and labor-saving services, while
" the “old fogies,” who, like the poor, will always be with
us, will sooner or later fall into line—in self-defence. Of
course, an invention which is likely to change acquired
habits and accustomed methods is bound to meet with
‘opposition.-- When railroads were first introduced the
good owners of horses and' wagons warned against ac-
cidents, and the typewriter was ridiculed by nearly
every penmanship ‘teacher in the land.. Some will op-
pose the .Arithmachine because it may throw boek-
keepers, etc., out of emplovment; but as long as the
" machine operating the machine is not forthcoming, no
serious misgivings need be entertained on this account.
Railroads, telegraphs, telephones,typewriters, étc., have
made a civilization possible which furnishes positions to
thousands where - formerly hundreds were employed,
and a "practical computing machine will. open new
channels. of employment to .many, who otherwise would
be entirely debarred from arithmetical work!
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We append‘ in the iollowing pag'es a limited number of selected
'advertisements which are likely to prOVe of special interest to all
who desnre to keep posted regarding ofﬁce improvements. They
represent to nﬁnsiderable extent the leaders in and originators
of advanced office methods, and reﬂect the progress made in this
directi n. Furthermore, the ﬁrms represented are all’ responsible e
-and reiable, and will perform every contract as agreed, and exe=
cute every order promptly and satisfactorily, which is in itself an

illustration of modern business conduct. :
: : T : ‘ - THE PUBLISHBRS.

g INDEX Iy

Page. : ' Page.
Accountin‘gﬂ Auditing, etc. 1385 . Letter Fﬁi‘fes. etc..... ....148
Advertising ...............183¢+ |  Locating Errors, 136,138,142
Badges, Stencils....:......131 . Loose Leaf Ledgers.......155
Bicyeles...oo.covivvno o 149 - Numbering Machines.....131.
Binders, Hyplders, etc.,152,154 Patents, etc...... .. I 134
Blank Boo{s,etc.,140,141‘,155 Periodicals, etc..... ..182,133

* Bookkeeping,etc.,136,138,142 | | Printing,etc............... 143
Books, Devices, etc..132, 152 ~ Proof Systems.............187
Check Protection. ........J158 1™ Puzzles,étc.........., +183,142
Computing Machines.130{157 Registers, etc..s.......... 156'
Denﬁstry. . 33 Ribbons, Carbo_ns, etc....180 _
Drawing, etCe.cvvveenn.. .. 134 Rubber Stamps..... v......131
. Duplicating, etc...........130 . Rulers, etc.. ..t P 144

Engraving, etc............ 144 Sewing Machines.......... 148
Eyeglasses, etc............144 Shorthand...:.... e 138
Fountain Pens, etc......... 145 Short Methods.......... .. 187
Handwriting, etc ..... ... 134 - Tailoring.................. 150
Inks, Paste, etc............139 Time Stamps, ctc.........156
Instruction................138 "Trial Balance Books. ..... . 1.4‘1
Interest Tables, dc........ 152 Writing Machines....148;147

Ment{on Arithmachinist when placing Qrders ot making Inquiries.
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egative duphcator—haﬂng—
glue nor gelatine in its
C . Is not affected by .
egatlve can be removed
3 h a few touches -

et spong Copxes do not curl

: reat lastmg quahtlesm
eptilevel. For reproduc-
duplicates, cheaply,
withminimumamount

asno superior Prices

plles deliv’rde 6x10, $3.00;

$4.50; 10x15, $6H Reﬁl ing

Larger sizes in stock,

358 Dearbom Street, CHICAGO.

thout desire to profit by the misfortunes of others, we deem it
pohte to say—with the utmost dellcacy, however—that in the un-
. toward.event of your being compelled to purchase

TYPEWRI’I‘ER SUPPLIES,
RIBBONS, CARBONS,
- LINEN PAPERS;, ETC., ETC.
THE VERY BEST CAN BE FOUND AT :

JOHN UNDBRWOOD & GO
163'S. La Salle Street Chicago. -

IE!TA'I‘IUN TYPBWRITTEN LETERS, oo errems, .o

You no-doubt use Form Letters- at various times. Have you ever
tried circularizing with imitation t{; pewritten letters? There is no
advertising youcan do that will pay better, A trial will quickly con-
vince you. Advertising by this method is cheap, but effective, if
your list.is good. Every letter %oes to some interested party. There’s

EE no random firing; no waste of circulation. Perhaps that’s why it
pays.. Have you tried ity The cost is small..

Business men are great users of our imitation typewntten Circular
Letters. We turn them out by the thousand or million, in any style
typewriter type, at extremely low prices. Letters by our process are
perfect and answer as if each were written separately. Our list of
customers includes the names of hundreds of Business Firms
throughout the U. S., and if low prices and superior service will
secure us your trade. we will, after you have seen our work and

» %mes surely also number 'gou among our clients. Samples are free.
rite today. CHAS. E. FOYER CO., 96 Fifth Ave., Chicago.
Capacity, 50,000 per bay.

"

‘ ADDING M\CHINFQ CHECK PROTEGTORS, FOUNTAI P -
o|:|:|(;|5 WANTS, spome waues, ouox rio  pa, T

plied at Lowest Pri Catal, 10
cents. Putp-ud Mdr-' THE OFFICE MEN'S RFCOED €o., Bon:h 1;-".75... .é.B‘l,(E:.GO

| PROFITAB[IE EMPLOYMENT }o% BOOKKEEPERS svis Lo

Wy HENBY GOLDMAN, lNVENTOB 145 LABALLE ST., CHICAGO,

- Mention Arlthmachinlst when placing Orders or makmg Inqumes >



RUBBER STAMPS

Of All Kinds. .3 S ForAIlPurposes

Dating; Stamps for Checks, Etc.
NOTARY AND| CORPORATION SEALS. .
AUTOIMATIC NUMBERING MACHINES.

Badges
Stenons ,
Steel Stamps "Etco.

SEND FOR CATALOGUE.

CHAS. L SAFFORD

175-181 Madison St., =~ - Chlcago.
Telephone Main 2057.
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‘ f(Cdevri'ght,Els%, by The Office Men’s Record Co.)

L * .

FROM time to time there appeared in the columns of the Office
Men’s Record, original methods and articles on subjects of
Accounting, Practical Arithmietic, Penmanship, Shorthand, Commer-
cial Law, etc., the value of which, and the interest in which are of a
permanent nature. But our supply of back numbers has become
practically exhausted, and we decided upon the publication of these
selected contributions in 2 handy and separate form, which we give

the characteristic and significant title, OFFICE TRACTS, their

mission consisting in spreading valuable and practical information
and increasing the usefulness and ability of those who peruse them.
The low price of these pamphlets, however, does not begin to express
their value, many asingle contribution being worth a thousand times
its cost to those who_take advantage of and -apply the information
therein presented. It is our ambition to bring these Office Tracts

. within easy reach of every Office Worker in the United States and

Canada. e have thus far completed the four numbers of Series I,
embracing the following subjects:

‘No. 1. Subtraction by Addition.

_No. 2. Vertical Writing. :

No. 3. Account Books as Evidence.

No. 4. Arithmetical Amusements.

1t will be our aim to treat in each successiveseries a variety of
subjects, appealing to those who take an interest in lighter and
heavier themes, covering the different departments of interest to
ptfﬁc]? people, and making each number complete and exhaustive in
itself. : ‘

Sent, postpaid, to.any address on receipt of 25 cents.
Single Numbers, 10 cents. . : ’

“The Office Men’s Reeord Co.

PUBLICATION DEPARTMENT,

143-149 La Salle St., CHICAGO.

%



GOMPI L\ATION

NAME&TB AND ADDRESSES
SPECIAL INTEREST TO OFFICE MNEN,
Together with Other Valuable lnformatlon! :
15 CENTS. A COPY.

The Office Men’s Record Co., g

143-149. LA SALLE ST., CH!CAGO

BOOKS v DEVICES 5%3@

- Will be sent to any addtess on receipt of pubhshers or’
manufacturers’ advertided prices. We 4dlso undertake to
supply volumes which 4re not to be found in book stores,
and appliances which catmot be secured through the trade.
THE OFFICE MEN’S RECORD CO., 143-149 La Salle St., Chicago.

GOLDMAN'S
Transformation

PUZZLE.

' Transform Square mtoTrmn-
gle with only two changes!

- Prizes forfirstten Solutions!

For ‘Registry Partlculars,
Sample Copy of ““Office Men’s
Record,” World’s Fair Souv-
enir andinstructive circular.
send 10 cents to .

" The Office Men’s Record Co.
Major Block, CHICAGO-

Cut out parta st dividing linse.
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6 1 LA SALLE STREET "SEC’Y & MANAGER,
Rookl:)‘nﬁgke E‘Hsdz.) CHl AGO;ILL. T he Kent»Anti-Porgery Co.

Changes in
Written

: ‘lnstr’flments.
‘REFKRENCES: _

S., Chlcago Otto Gresham. Atty., Chicago.
y., Chicago. | R.S.Iles, County Atty. Chxcago
orp. Counsel, Chicago. .
Mt. Ca!rr‘oll, 11i.

! 'ttys Indianapolis, Ind.

Sloux Falls. outh Dakota.

Established 1878.

ATENT LAW.

TS TRADE-MARKS, DESIGNS LABELS
estlgatlons and opinions on questlons of in-
tc., of patents.

SOLICITOR for Umted States and Forelg'n Patents. Trade-
Marks, etc. Reliable correspoudents in Washington and all prin-
cipal toréign countries.

164 DEARBORN ST., CHICAGO

I D. CLARK,

Mechamca.l Expert and Patent Office Draughtsman

. Blue Prints and ‘'Validity Searches
‘made. .. ...

SUITE 1103-1104 352 Dea:born Street, CHICAGO

CADVERTISERS!

1.design and write business bringing and space utilizing adver-
tisements, intended to reach Office People. If you offer anythmg of
merit, send me your circular or other data, accompanied by $2, and

I will furmsh you an advertisement which will ‘*do the rest.”’ Money: .-
he selection of Mediums cheertully .

‘saving suggestions regar F
‘given. Cards, Clrculars, Folders, Pamphlets, etc,, {){re ared at the
. low rate of $2:50 per pag: NTER,

Care of T Oﬁ‘ice Men s Record Co. 143—149 La.'SaIle St..CHICAGO )

Mentmn Atltlmuchinlst when placing Orders or makmg Inqumes
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ADJUSTég OF FIRE LOSSES.......
. .pAéLT‘N.Bksmif ‘S‘BTfl»“l;E\MENTS..

corPOATION AND MANUFACTURERS' BOOKS
‘ Carefully Audited.

Looks anp SYSTEMS OR ACCOUNTS ARRANGED
: ' For Any Requirement. '

-

PERIODICAL AUDITS
Made at Very Reasonable Rates
For Capitalists, Merchants, Manufacturers
e _ and Corporations.

WILLIAM FRIES,

. AUDITOR
AND  ACCOUNTANT

i

‘1017 New York Life dg. | " o
N. E. cor. La Salle and M§nroe. . @A@GHICAGO .

REFERENCES:
. % - )

Chaurcey J. Blair, President Merchants National Bank,
Bernhard Neu, Cashier International Bank. ;
George F. Stone, Secretary Board of Trade. _
Edwin E. Hooper, Secretary Lumberman’s Association.
Stewart Spalding, Sec’y Calumet & Chicago Canal and Dock Co
John Benham, General Manager The Consumers Company. .
Charles Seegers, President American Varnish Co.
Hon. Nathaniel E. Sears, Judge Appellate Court.”
Spaulding & Merrick; Wholesale Tobacconists,
Arnold, Schwinn & Co., *“World” Bicycles.

B
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- GOLDMAN’ S

ADVANGED SYST;EMCP R'LOCATING ERRORS

- Without Re hecking or Copy” L'g‘ Entries.

in postlng; o-the very ‘account qand almost

: ccount from which an eutry has been onntted
e repetmon of an entry.
ds against errors Wthh even the Trial Balance

the books of original entry, without requu:-
in fﬂrwardmg totals or transfernng balances,

w1thout makmg comparisons. .
erxﬁes thv ngs of each ledger account without going over

8 "lrt*p:l“‘ vents: rission of a balance, ruling off open accounts
. and ncil footings.
9. It disc vp}‘S 6. transfer of wrong balances, from the ledger to

10. I; proves ‘the footmgs of the Tnal Balance, and indicates the
pagé coutammg a nustake

This is not a'stale compilation of old and commonplace rules,
which may or may not prove of service, nor a plan of subdividing
the I.edger into ‘artificial sections of 100 or 200 pages, nor a blank
book scheme, necessitating a complete change of JIedger, Journal,
Sales Book, etc., in order to % in a questionable advantage, but a
simple and. complete si\]rstem, ased on an entirely new and original
idea; which accomplishes the seemingly impossible, requiring No
Change of Book~Keeping, No Additional Books. No Carrying of

. Totals During the Month, No Special Division of the Ledger, No

Copying of Amounts, No Slips or Forms of any kind,-Etc., Etc.
It renioves all difficulties generally expenenced with the Tfial
Balance; and without entailing extra labor, practically reduces the
routine work of the office, as all postings, footings and balances are
proved without comparing amounts, re-checking or re-figuring.
With its aid an itemized Trial Balance can be taken in half the time
generally consumed by book-keepers, a great saving of time at a
time when time is most valuable, "avoiding entirely the delay in
commencing the po»tmg ‘the current month. Considering the
1m ortance of the information offered, the facility of its application,,

the. many advantage tved from its use.no mtelhgent and
"book-keeper can'afford to do without it.

Errors in- Smgle-Entry Book-Keeping Detected
. with Equal Facility.. 3
References and Testimomals on Appilcation.
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“The Arithmetical Detector.

Complete' Systems for Proving Arithmetical Results
77" Without Refiguring. i
ROOFS for Addition, Subtraction, Multiplication and Division

- of whole numbers, decimal or common fractions, saving time
L  and wor etecting and locatin% mistakes, preventing repeti-
tion of the sam€ error,.and guarding also a%ainst transpositions of
figures. Equally ﬁ)p able to Dollars and Cents; Pounds, Shillings
-and Pence; Bushels and Pounds; Feet and Inches, etc. Every
known check number system thoroughly explained. Price, separ-

ately, fi. —, Postpaid. ‘
Short Methods for Computing Interest
; ‘ o and Discount. )
1, o ~ Simple Interest, Discount, Compound Interest.
CCURACY and speed in computing interest and discount are
# . important accomplishments; that they are 5o rarely found,
' proves to agreat extent the deficiency of themethods hitherto
introduced. The author offers in this work a method pronounced by
: experts as the shortest and simplest known, and leaving nothing to
' be desired. It can be easily acquired, and when once learned can
hardly ever be forgotten. eing applicable in all cases which: may
possibly arise, it is bound to win, its way into general use. More
convenient than the.use of tables. "Simpler than the ¢ 60 Days
Rule.”” Ordinary problems solved almost instantaneously and with-
out mental effort.” Improved Methods for Computing Bank Dis-
count, Present Value, Partial Payments, Premiums, Annuities, etc.
Price, separately, 50 cts., Postpaid. :

New Method for Averaging Accounts.
Simiple Average, Equation of Pav ments, Accounts Current..

AVES one-half the Time, Work and Figures, g:ompared with -
‘methods now in general uvse. Superior in principle and appli-
cation to the so-calledh** 1z per Cent. Rule.” A_bsolute'lly cor-

rect and adapted to all rdquirements. Equal or different Ter:
Timeor Discount. Simplifed methods for closing an Account Cur-
rent, and calculating Intercft on Balances and Overdrafts. Price,

separagely,' 50 cts., Postpai :

; - Complete Instructions -

- : : o in my .. el ‘ .
««Advanced System for Locating. Errors,

‘‘Short Methods for Computing Interest and D'iscount,”
‘New Method for Averaging Accounts,’’ Etc.,

will be madled to any address, postpaid, on receipt of j;rice,
$ 10, which includes replies to all - further inquiries free
of charge. : - - . , '
HENRY GOLDMHAN,
e - AUTHOR AND INVENTOR, '
143-140 La Salle St., - = = = = _ CHICAGO, ILL.
' Avoid resident or traveling Imitators.

i
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— ‘HENRY GOLDMAN, Inventm, 145 La Salle’ st., Chxea.go

aa SHORTHAND &

Easnly and Quickly Mastered by Studying s

vPaterson s Phonography

A complete Self-lnstructbr in Shorthand and Type-
writing combined, particularly adapted for pradctical
business requirements, and capable of the greatest
speed with lmited practice.

S;ent, postpaid, on receipt of $3.00.

Trial Lesson, 10 cts. Teachers desired everywhere.
Address for particulars, '

PATERSON'S

o STENOGRAPHIC INSTITUTE »
I45La.Sa.llett¢et, 2 Ch;cago,m

E".\
.z___,\
Py, { t .4

alifies ior Business!
, Shorthand, etc. qulckly learned
without pumn&l attendance. Adva.nced methods.  Moderate
terms. Particulars free. Address: SELF-STUDY .BUSI-
NESS UNIVERSITY 504-505 Ronnoke Bmldmg, hlcago

Mention Arithmachinist when placmg Orders or making' Inqumes
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; For Mkﬁj ping Use ‘
THOMAS' No. 9 WRITING FLUID.

For Ruling,

THﬁMAS CRIMSON INK.

. g L 5 R - o
Use Thomas’ Fountain Pen Ink.
DOES NOT GUM THE PEN.

TﬁOMAS PASTE. Gea Mg fFmsating™

FOR SALE BY ALL STATIONERS. ,
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‘Telephone Mam 5242.

CICERO ["[lNE

MANUFACTURING ST ATIONER gf

PRINTER
and GENERA L
' BINDER

ﬁﬁ@mﬁ
| 1@@@&%

ﬁ@@%@ﬁ,, 

: ~ OFFICE:
215 'DEARBORN STREET

| Ch1cago
H. W. HINE Agent |

When needmg Blank Books or Prxntmg fef. us figure
with you. - :
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— Highest Awardgs, Diploma and Me

b [} .

GOLDMAN'S
" IMPROVED

Self-Checking

TRIAL BALANCE BOOK

IMPROVED IN QUALITY REDUCED IN PRICE
FACILITATES THE FINDING OF MISTAKES!

ORIGINAL FERTURES

DOUBLE LEAVES—Bring names and amounts closely together,
and save re-writing of names. .
GUIDE NUMBERS—Prevent writing balances in wrong lines, by :
guiding the eye across the page. ] L
TRANSFER COLUMNS—Permit the carrying of balances on the
same line for an entire year. .
FOLIO INDICATORS — Assist in making quick and’ immediate
- reference to any desired account.
SUMMA?tY tSll"lEETS—-Auvoid the carrying forward or recapitulating
of totals. .
CHECK COLUMNS—Avoid §he crowding of amount columns with

check marks, and assjst in locating errors in connection with
“Goldman’s Check System.”

FOR SALE BY ,

THE OFFICE JEN'S REGORD CO.

Business Office Specialists,
143-149 La Salle St., CHICAGO, ILL.

When ordering through Stationers, be sur€ to specify GOLDMAN’S
[MPROVED SELF-CHECKING TRiAL BALANCE BOOKs. Absolutely
Refuse Substitutes. If orders are placed with us, we prepay ex-
pressage. Descriptive Sample Booklet,sent free on request. Order
now to avoid the delay incident to the rush of the blank hook season.
We enter advance orders for delivery on any specified date,
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whether fhe Ong'm g
palmed off by Impostors, ca
out any notlceable addm_
Improvement or Double C

HENRY GOL'

, an Infrmgement.

ffectiveness tenfold; with-

. b ,adoptmf the ‘Decimplex
ticulars fre :

N Author and Inventor.

45 La Salle St., C?—IICAGO.

‘lf you 1ssue Checks

v'(homson s
Deposrt ‘1and Check Journal

-The Most Satisfnctory Means of Handling an Active

Bank Account.
Send 10c. for Full Sized Sheet, with Explanations.

WALTER THOMSON,
Albany, N. Y.

PmdPenny B BOOK-KEEPERS
Py r=]

through this hole = locate errors to page and ac-

° g count without re-checking

~a Or copying entries by using

= Goldman’s System. No change

£, of Books or Book-keeping!

= Whg continue ' struggling

with your Trial Balance

B whenrelief can besoreadily

B obtainedt A. 1 References.

wﬂ;hout toucmng cs Request Instructive Circular

the coin or tearing & HENRY GOLDMAN, Inventor,
- the paper S 145 La Salle 8t., CHICAGO

Mcntion Arithm hinist when placing .Orders or making Inquiries.
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'AL\M OST ALIVB'

1

OLLE
O Goldmdns ULERE. O J

Mm‘kﬂln

2 i T

T o T R T - -

Enables the user. to draw stratght or parallel lines of any desired
length, does not slip or move irregularly, and can be conveniently
carried in the vest pocket or ro Ied ‘over a blank book page.

Maple Wood, 25 cts.; l'lard Rubber, 50 cts.

Sent postpald to any address on receipt of price.

The Office Men’s Record Co.

143-149 LA SALLE ST., CHICAGO.

9

H. S. KELSEY ' A. W. GORE.
KELSEY & GORE
OPTICIANS. o
44 E. Madrson Street ) CHICAGO

H@fman KO@THQ

DIE SINKING AND ENGRAVING, |

ER’S DIES, CRESTS,
, FINE WAX SEALS,
’DiES AND RELIEF WORK FOR ALL PURPOSES.

308 Deafbom StPee{s CHICAGO

T
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PEN.
Y

THE SWAN FOUNTAIN

ABSOLUTELY UNEQUALE‘D

Fitting Pens to Writérsis
~our Speoialty.

USE A

Muhm Jotd & Eu §

OLD PRN .

PREFERABLY.

¢

Swan Fountam Pen Holder

MABIE, TODD & BARD,
75 Washington Street

|
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o ljnequnled
: for Speed,

?-seof

. Operation

thoroughly
Practical,
Visible,
Writing

. ‘:?' and
T)?péwrlter

;3 Durability

. FOR SALE

Wagner Typewriter Co

528-529 The Tempbple,

184 La Salle St, . .~ CHICAGO, L.
THE BLICKENSDERFER TYPEWRITER

The only high-grade writing machine sold at a low price

No. 5,835,  No. 7, $50.

Interchangeab]e type; mno nbbon ermanent alignment;
unlimited spee§
For circular and samples of' work, address

J. BLICKENSDERFER Co.,
195 La Salle Street, CHICAGO, ILLS.



Wyckort, Seamans & Benediot,
144 Madison St., |
"~ CHIcAGO.



| L
- ONLY SEWING MACHINE -MADE

HOSTIM B ¥ITITUM 2

SEWS ONE-THIRD FASTER
_Than Any Vibrating Shuttle Machine.
g ~—~ |
For Family and Manufacturing Purposeé.-
Wheeler & Wilson Mfg. Co.,
82 & 8o WABASH AVE,, ' ~
4 es— CHICAGO.

\



AMERICRS REPRESETATIVE BICYCLE

T [ ety il [

82 and 80 Wabash Ave., CHICAGO, ILL.



»

, Rooms 5, 6 and 7, |

McVncker s Theatre Bundmg

uttoﬂw& Peterson
" TAILORS. |

. atT

- Moderate
Prices.
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[ A Mble M., DDS, & Sons
' & SUPERIOR DENTAL PARLORS &
palNLESS AND
| HIGHCLASS o
DENTISTRY.

* N

Bridgs and Crown Wark & Specaly.

Dr. Ielze, Sr;, or one of his sons, personally attends
each patient. All work guaranteed, and kept in
repair free of charge for TEN YEARS.

Hours 8 a. m. to 9 p. m. Sundays}) a.m. to 4 p. m.

Ladies in attendance.’ Phone 1596 Main.’

L A MBLZE, M.D, D.D.S, & SONS

...SUPERIOR DENTAL PARLORS....
Inter-Ocean Building, Cor. Madison and Dearborn Sti.
Second Floor, 200 to 214. CHICAGO, ILL.
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. / _ Patznr ALLOWED. N

[
“Is a convenienc-device for permanently filing’ and binding Papers,

. Bills, Ocders, etc.* It is_self-locking “and self-opening, the simple

- effort of removing the cover releasing the same-automatically. Itcan
be permanently locked and unlocked, offers no protruding points,
and is easily operated -with /two fingers of one hand. No screws to
wind or unwind. No keéys to get lost or mislaid. No rough surfaces
to scratch the' desk. Locking device can be attached td cover and
readily separated. :

‘ LARGE. MEDIUM. SMALL.
Locking Device and Canyas Covers:.$2.00 - $1.75 #1.50
Locking Device, separately........... 1.50 1.25 1.00
Sent on receipt of price, express [ repaid;by

THE OFFICE MEN’S RECORD. CO.
. Business Departnient, 143-149 La Salle St., Chicago.

: ~ . ’ r gy 1
~-Smith’s Interest Tables
Are the simplest and most convenient ever published, and are ab-
solutely correct, having stood the test for years. The book shows
the interest on any sum from $1 to $10,000, at any rate from one dayv
to tive years. It also contains compound interest tables, time tables,
and tables for 83, 63 and 93.days. .
Sent, bound in clotl}, postpaid, on receipt of $1.

The Smith-Tickler Co.
o ___RACINE, WIS.

Mention Arithmachiniﬁst 'Whveri placing Orders or making Inquiries.
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SAFEST

COPYRIGHT. 3894 Y
BY MENRY GDLDMAN

B\

GDLDMANS

145 LA SALLE ST.CHICAGD.

~ STRONGEST
PREVENTIVE. or FORGERIES!

Unequaled Advantages!

Prevents raising and altering of checks, etc.
Detects forgerles of signature, amount, etc.
Permits signingblank checks without risk.
Adapts itself reddily to specnal conditions.
Encourages carefulness in issuing checks,etc.
. Applies instanti\\to any check or draft.
. Employs no mechanical device of any kind.
Necessitates no change in acquired habits.

9. Requires no additional time or effort.
10. Proves all other safeguards insufficient.’

'COMPLETE SECURITY OUTFIT, $2.00.

Style of firm incorporated without extra charge.
Instructive pamphlet, giving valuable hints regarding
check-raising and its prevention, 10c.

Sent postpaid, on receipt of price, by -

The Office Men’s Record Co.,

: Business Office Specialists,
143-149 La Salle Street, - CHICAGO.

SUWPEEST'

THE DFFICE MENS RE[DRD (0. /

lSHdVHHD

@“09???7



Are acknowledged to be the best Holders on
the market. .

For out-door use they are mdxspensab!e. as the
Weather has no effect on them.

Inlightness, durabmty and for convenience they
are superlor to any Holder made.

Further information, Clrculars and Prices on -
application. :-

,CHlCAGO SHIPPING & RECEIPT BOOK (0.

SOLE MANUFACTURBRS. .
195-199 S. Clark Street, - - CHICAQO,“ ILL:

7
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R HOFFMANN o
| " UHEADQUARTERS F & O-,

PEERLESS. conﬂuuous
LOOSE LEAF LEDGER

AN BLANK BOOK MAKERS, :
175 Monroe Street .- - Chicago, Hlinois.

PatentedSe tember 22nd, 1896."
“THE PERFECT BOOK." :

When locked it will be impossible to remave a leaf.
When unlocked, leaves can be extracted and replaced :
_ instantly at any point.
The Book-Keeper’s Time Saver and Systemizer.
"Best arrangement for keeping accounts in the latest
approved and most orderly system.
The Loose Leaf Ledger System has come to stay.
It is in the lead wjth up-to-date book-keepers.

LEDGER EXPANDED.

Showin hbw leaves are placed and securely. held byb two Posts and
% Boxes. There is nothing better for thé purpose. -

Durability, Security, Simplicity and Reasonable Prices our Motto,
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THE ‘BAIRD
(CHRONOGRAPH.

“THE UNI.Y RELIABLE TIME STAMP,

bend for ca.talogue giving full detalls and explaining
Below 51de elevatlon ,

This machme can alse be used as an Emp]oyes
Times Reglster

WRITE FOR. PARTICULARS

Baiird Clock CO

TI'E STATP DEPARTMENT, -
Adams & Clmton Sts.,, = - ‘CHICAGO.




Size, 414 x 154 x 3{ in. ‘ Weight, leis thnn 1 Ib.

SMALLEST, LIGHTEST, CHBAPEST
SIMPLEST STRONGEST, FASTEST

PRACTICAL

Computing Machine,

Which adds, subtracts, mult1 hes divides, etc., whole num-
bers, decimal and common ractlons as well as denominate
quantities,and carriesany nunlber of columns simultaneously

g ACTING KEYS!
SETTING BINS|

W YORNNG BIRESL,

% BOUNDING BARS!

W 1

i

:UI"-I

No Noise! o Jar! No Strain.
" Built of tal Highly Finished.

, / the Work i Comparedr
S AVE 1/ the Strain | pen She

Do you wish to know more about it? Read this Book, or
Address for particulars:

The Office Men’s Record Co,

' Arithmachine Department,
% 14-8 149 La Salle St., Chicago.
v .

| 20999@9@999999@%@%@%%@%%%%%%%@%@%»@9»;
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GUARANTEE

Bccompanying Every Arithmachine.

CIlIICAGO,

We absolutely and unreservedly
guarantee Goldman’s Arithmachine,
No. , to be durably constructed and
free from any mechanical defects, and
agree to ke%p it in good working order
for two years from this date, or replace
it by a new machine without any expense
to you, which includes express charges,
and only excepts cost of repairs of break-

age due to violent means.

The Office Men’s Record Co.,

HENRY GOLDMAN, Treas.
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REBATE COUPON.

Agent No.
Chicago, ..

GOOD FOR ONE DOLLAR

in part payment for Goldman’s Arithmachine, if accompanied by the balance

of the established retail price in current funds, within one year from date.

THE OFFICE MEN’S RECORD CO.,

HENRY GOLDMAN, Treas.
... PRICE LIST. ..

Goldman's Arithmachine, Capacity 999,99, 5 Columns, - %20, -
“ _ = “ 999499999, R o - 25.-
“ z “ 999,999 999 49 11 - 80~
Viest Pocket Carrying Case, $1.00. Extra Stylus Points, 25 cts.

Stylus Pencils, per Doz, 50 cts.; Erasable Tablets, per Doz., 10 cts.

When using this Rebate Coupon fill out Order Blank on opposite side, and detach at perforated line.
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