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SucHh was the ftate of arithmetical computation, at the time of the in-
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vention of the Logarithms, which, as Napier himfe

f fays, Omnem illam
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prifline mathefeos difficultatem penitas e medio tollit ; et ad fublewandam memo-
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mathematicar unius b ree fpatio, Quaint j"'r_'f'ﬂ.-u.-.' et communiter recepta forma

im ¢t fecantium, wvel integro die abfolvere ™. But before we

proceed to this moft important difcovery, we fhall give an account of
thofe ingenious contrivances, intended to anfwer the fame purpofe,

which previoully occurred to Napier.
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NAPIER'S BONES.

I'HE firft of thefe mechanical devices is what our author calls Rabdo-
logia, or the art of computing by fieured rods. Thefe rods are fquare
& e o 4 o 1
parallelepipeds three inches in length, and three tenths in breadth.
Each of the faces of thefe parallelepipeds is divided into ten equal parts,
of which nine are fquares and in ¢ riddle, and half of the tenth at

one extremity or the top, and half at the other extremity or the bot-

tom. Every one of thefe {quares is cut by a diagonal from left to
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IN the firft fquare below that digit is repeated, in the fecond is its
double, in the third it’s triple, and fo on. Of thefe multiples of the
digit, the figure of units is below, and the figure of tens above the
diagonal. 'The meaning of what has been juft faid will be evident by
a little attention to Fig. I. where the four faces of each rod of the
fet, recommended by Napier, are unfolded. By means of thefe rods the
operations of multiplication and divifion are performed by addition

and fubtra@ion.

TuE rule for multiplication is—Bring the rods to form the multipli-
cand at the top of their upper face. Join a rod, having unity at the
top of its upper face, to the right or left hand fide; in which feek the
ight hand figure of the multiplicator, and write out the numbers cor-
refponding thereto in the fquare of the other faces, by adding the fe-
veral numbers occurring in the fame rhomboid. Seek the fecond figure
of the multiplicator and proceed in the fame manner: arrange and add
the numbers wrote out, as in common multplication ; the fum is the
product required. To multiply 1785 by 364, for example, I difpofe the
proper rods as in Fig. IL ; next to 4 (the firft right hand figure of the
multiplicator) I find 0; in the contiguous rhomboid 2 and 2, which ad-
ded together make 4; in the next 3 and 8 which make 1 and a furplus
of ten; and in the laft 2 and 4 which, together with unity for the ten I
had in the former rhomboid, make 7. Thefe numbers o, 4, 1, 7, I fet
down one after the other as I find them, proceeding from right to left.

I go on in the fame manner with 6 and 3 (thc other figures of the mul-

tiplicator) ; and, after arranging and adding the partial produés I find

the total product required. " Thus,

164.
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The rule for divifion. BRING the rods to form the divifor at the top
of their upper face. Join a rod having unity at the top of its upper
face, to the right or left hand fide. Defcend under the divifor till you
meet thofe figures of the dividend wherein it is firft required how oft-
en the divifor is found, or the next lefs number, which fubtract from
the firft figures of the dividend, and put for the firft figure of the quo-

tient the correfponding number on the fide face. Bring down, one af-

ter the other, the remaining figures of your dividend as in common dj-
vifion, and proceed in the fame manner till you have finifhed the ope-
ration. Let it, for example, be required to divide 649740 by 364. Idif-
pofe the rods as in Fig. IIl. The next lefs number under the divifor
364 to 649 (the firft figures of the dividend) I find to be 364 1tfelf
which I fubtraét from 649 putting 1, the number correfponding on
the fide face, for the firft figure of my quotient: to my remainder 28 ¢

[ br
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ng down 7 the next figure of my dividend. The next lefs num-

DEr to 264

7 under the divifor I find to be 2548, which I fubtraé from

2057, putung 7, the number correfponding in the fide face, for the fe-
cond figure of the quotient. 1 go on in the fame manner till I have

e w i 1 , +} ) W o= s E. g e
brought down the other figures of the dividend and completed my

JUOLICIITC A8 TOlIOWS,
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649740 (1785
304

2857

2548

3094
2912

182¢
1820
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ArrrovcH the extraétion of the fquare and cube roots may be pret~
ty expeditioufly performed by the rods, Napier propofes an auxiliary
Jamella for the abridgement of it. It would ferve little purpofe to give
a particular defeription of the lamella, or an account of the manner of
afing it.  Its length and thicknefs are the fame with thofe of the rods,
and its breadth quadruple. Its two faces are divided and marked as in
Fig. IV. To find out the way of operating by it will be no difficulty

to any body who is a little acquainted with arithmetic and has time

to {pare.

AnoTHER of Napier's contrivances is his maultiplicationis prompiu~

aririn.

Tri1s machine confifts of a box of figured lamellze. The lamellz, two
hundred in number, are each eleven inches in length and one inchin
breadth. FEach of thefe lamellz is divided into eleven equal parts of

which ten in the middle are fquares, and two thirds of the eleventh at

one
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one extremity, and one third at the other. Every one of thefe fquares
is divided into nine lefs {quares, one hundred of the lamellz are each
one fourth of an inch in thicknefs, and the other hundred one eighth.
Suppofe the former, which we fhall call direct lamellz, placed fo that the
greater margin may appear at top and the lefs at bottom; and the latter
which we fhall call tranfverfe, placed laterally, with the greater margin
to the right and the lefs to the left hand. In this pofition every fquare
appears cut by a diagonal (faint in the finall but ftrong in the great
ones) from the left to right upwards. Each of every ten both of the
direct and of the tranfverfe lamelle has fome one of the ten digits
o, 1, 2, 3, & infcribed on its greater margin. The multiples of the
digit on the margin of a dire¢t lamella are difpofed in each of its
greater {quares as pointed out by Fig. V. where a reprefents the digit
itfelf, & the right hand figure, and 4’ the left hand figure of its double
¢ and ¢ the right and left hand figures of its triple (the plain letters
being above and the accented ones below the diagonal of the figure); 4
and &’ thofe of its quadruple, and fo on. In the tranfverfe lamellz
thofe which have ¢ on the margin are untouched; thofe which have
unity on the margin have the loculus correfponding to @ cut out; thofe
which have two on the margin have the loculi of 6 and 6’ cut out;
thofe which have 3 the loculi of ¢ and ¢’; thofe which have 4 the lo-
culi of 4 and &’, &e. This will be fufficiently evident by infpeting
Fig. VI. where it is examplified in a dire@ lamella titled with the digit
4, and in a tranfverfe one with 7. The box fitted to receive thefe la-
melle is of a cubical form ; fomething more than eleven inches wide
and nearly eight inches high; fee Fig. VII. Two of its contiguous
fides, which we fhall diftinguifh by the names of left and right, are

divided
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divided into twenty parts, each equal in'length to the breadth of ten
lamellee, and in height to the thicknefs of a dire&t and of a tranfverfe
lamella alternately.” The greater divifions on the left fide are cut out,
and the lefs on the right fide. Into the box through each of the for-
mer, with their titled ends foremoft, ten direét lamellze of the {ame
title are inferted with their untitled ends foremoft, and an equal num-
ber of the tranf{verfe ones of the fame title, tnrmlgh each of the latter,
Thofc titled o are in the uppermoft divifions, and thofe titled 1, 2, 3,

&e. 1n the refpeclive divifions below.

Multit iplication ¢ by the promptuary is performed as follows. 'THE firft, or

gure of the multiplicand is exhibited

t hand, J'L'e.‘utld, third, &ec. fig
by the title of a lamella taken from the firft, or right hand, fecond,
third, &ec. column of the left fide of the box and placed on its lid
exadtly above and as it lay in that column. The empty fpace,.if any,
towards the left is to be covered with blank lamelle. The firft, or
right hand, fecond, third, &c. figure of the multiplicator is exhibited
by the title of a lamella taken from the firft, or left hand, fecond,
third, &c. column of the right fide of the box and placed on the for-
mer lamella exaltly above, and as it lay in that column. . The remain-
ing {paces, if any, towards the right are to be covered with blank la-
melle.  All che ufeful multiples on the dire¢t lamelle appear through
the feneflelle, and all the ufelefs multiples are hid.  All the numbers be-
ginning at the corner next the firft or right hand figures of the multi-

plicand and multplicator, lying between the united ftrong diagonals, are
LY L + - -
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to be added {everally; the right hand figures of the ﬂ_.m, marked down ;
ind 1 for every 10, carried to the next place, till we come to the 1€ oppo-
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fite corner: and the work is done. This operation, we truft, is defcri-
bed with fufficient accuracy and plainnefs to fuperfede the neceflity of
an example. In order that divifion may be performed by the Promptu-
ary, it muft firft be converted into multiplication by means of tables
drefled on purpofe, or of tables of the fines, tangents and fecants, con-
ftructed on the hypothefis of the radius being equal to unity, * followed
by a certain number of Zeros, That this may be accomplithed by
thefe laft, look for the co-fecant, or co-tangent of the arc which has
the divifor for its fine or tangent. Make the co-fecant or co-tangent
found the multiplicand, and the dividend the ultiplicator ; or con-
verfely. Find the produé by the promptuary as above dire@ted. This
produd, a number of the right hand figures according to the number
of zeros in the fquare of the radius being marked off as decimals, is
the quotient required. The reafon of this is obvious: the co-fecants or
co-tangents being third proportionals to the fines or tangents and the
radius or unity ; to multiply any number by one of the two firft, or to
divide it by the correfponding one of the two fecond of thel lines, is

one and the fame thing.

I LOCAL
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LOGAL ARIETHMETLG

LOCAL Arithmetie, another ingenious invention of Napier, i3

the art of calculating by means of counters properly placed on a chel

1 As
4

=

board, or fimilar table. Two contiguous margins (which we fhal
ftinguifh by the names of left or inferior, and right or lateral) of that
table, are divided into a number of parts equal to that of their adjoin-
ing fquares. The inferior divifions beginning at the right and the la-

teral at the left have fucceffively infcribed in them the fucceflive terms
41 2l

of the geometrical progreflion 1, 2, 4, 8, 16, 3 g, whach are called
o o i e | ?

local numbers.

CommonN numbers are reduced to local by fubtradtion, and local
pumbers to common by addition. The common number 1875, for ex-

ample, expreiied in local numbers will be found to be 102435 5123 256;

643 163 2 and 1: and wice verfa. 'The firft of thefe reductions is ne.

ceflary 1);101 e, and the fecond after any of the operations of commeon

arithmetic are performed by this contrivance. By the help of a very

Gmple table, reduction may be perfor: med with eafe and expedition.

75 Adi PuT a counter for each local number in the proper place

the lateral or on the inferior margin of your table. For every two

a1 e 14iC
g -i- and in the ame place it A im +the et hicher  afrer ve
counters 1ound 11 the 1ame rr..l-.k., [." 1L OIl¢ 1N thc TICKL JLJLJ. ICL, aiter re-

moving them. Repeat this till no place fhall contain mere than one

ounter. The counters left indicate the numbers required. Thus let

fad

it be required to find the fum 1875; 258, and 1099. I put the coun-

tcLs
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43 51235 25635 64; 16; 2 and 1, the local numbers of the

firft ; at 256, and 2, thofe of the fecond ; and at 1024.; 64, 8, 2, and 1,

wie of the third. At r.—I find two counters which I remove, and
put a counter at 2 where I find other three. I take up thefe four and
put two, in the next place 4 &e, and proceeding in this manner I find

0
3 10243 128,

at laft a counter at each of the following numbers 204.8

A
and 32, which form 3232 the fum {ought.

. O.Ls = b} - ST o= c
Lo Suotraff, Put a counter for each local number of the greater o

LA L F A &

the two quantities, at its proper pizzcc, a little to one fide,on the infe-

rior margin; and one for each of the local numbers of the lefs of the

L]

~

two quantities, at its proper place, a little to the other {1de, on the fame
n. Remove the counters found on oppofite fides of the fame place.
Change the fide of the loweft counter remaining ; take off that above
it; and puta counter in each place between them, Remove as before.
Repeat this till there fhall be no counters on one of the fides of the mar-
gin; and thofe on the other will indicate the remainder. Let it be pro-

pofed, for example, to fubtra& 1099 from 1875. 1 put counters at
I

- 0 L e N £ A | AEa ks -
0243 64; 8; 2 and 1, to the left of the lateral ma gin, and at 1024 ;
= L e s ey Wy SRl I LR e s s eSSt ¢ ey
§123 25035 04; 10; 2 and 1, to the {lit of that margin, .[11_-.1111;'__-_’ a

counter on each fide of the numbers 1024

5

[ L

them. My loweft counter is to the left of 8. T put it to the righ
take up 16. above it; 2s there are no intermediate places, and as the re-

m:ﬁ ning counters are on the fame fide of the margin my operation is fi-

#

M1 R e I s - -5 T . ' ol
iihed, The remainder is ¢12; 256, and §; or 776

A

MurTIPLICATION,
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MurTIPLICATION, Divifion, and the extra¢tion of the fquare root,
may alfo be performed on the margin: but they are performed with
much greater eafe and clearnefs on two contiguous margins and the
fquares of the table. On thefe laft the counters have two different
movements ; the one parallel to the fides like that of the tour, and the
other diagonal Iike that of the bithop, on the chefs board. Ever
fquare of the table is faid to have for its value one of the equal nums-
bers (on the two margins) between which it lies diagonally. The two
fides of a fquare formed by counters in the area of the table, parallel
to the inferior and lateral margins, we fhall call a Gnomon: this gno-
mon confifting of 3, g, 7, &c. counters is faid to be congruous when
its value can be fubtragted from the numbers left marked upon the

margin,

To Mulriply. Mark with counters the local multiplicator in the
inferior and the local multiplicator in the lateral margin. From the
middle of the marked places let points be fuppofed to move perpendi-
cularly into the table, and put a counter at each interfe€tion. Remove
the counters on the margins, Bring the counters in the fquares of the
tables to their values in one of the margins ; add, if neceflary, and the
work is done. Suppofe, for example, 19 is to be multiplied by 13. I
mark with counters Fig. VIII, the numbers 1, 2, and 16, on the infe-
rior and the numbers -1, 4, and 8, on the lateral margin, having pla-
ced other counters reCtangularly in the table, I remove the marginal
ones. Thofe other counters I bring up, one by one, to their proper pla-
ces in the lateral margin ; and, after adding, I find a counter at each

~

0%

‘
{
-

—— e e iz




- —_

B e AR

i L)
= av
ol e | 5 PR v B e o {3 S [ L P it
of the DLIGn’J.'L Wmpers, 1205 04.; 3251034;2, and 1, which form
r B0 T 2 A
my preduct, 247.

To Dividee MArg with counters the

and the local divifor in the inferior ma

here 2 oinr 16dic 3 o i r 3 anecla ""r Vo f"-*:k'/-!-'ﬂ'
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number of the dividend, would interfe& a point afcending perpendi-
cularly from the higheft number of the divifor ; place a feries of coun

| ) o Dol oo i =L I o P e - 1 :
it this feries is equal or inferior in value

- oo el SR R o gair S L o g o & L
he dividend fubtra® it from them ; and if
" BT o S . SEad Ry .13 2y v by e o . 4
otherwife, bring it down one, two, &ec. fleps and fubtra&: Repeat
L DI = all S LA L PR ) e s TNy ESAS Rn AR T, O
tOC operation til e 0Tl .L,E';: Or at icait a numoberleils than the G1V]=
for, fhall remain ateral margin. Thefe {eriefes point to the
numbers that form the quotient. For example let it be required to di-
: AEE RS T ek alets o ck
vide 250 by 13. 1 mark, Fig. IX. the numbers 1283 64; 723 16; 8
1d 2, in the lateral, and 8; 4, and 1 in the inferior margin,

My next feries pointing to 4. 18 too great to be fubt tradted, for whic

-..:
=)

reafon I bring it a { i;r:l": farther down.

Artzr fubtra&ing, there remains 16, In the fame manner my third

feries pointing to 2 I muft bring to point to 1; which fubtraé
remains counters on the dividend at 2 and 1, My quotient is there=

fore 16; 2, and 1, or 19; and 2 and 1, or 3 over.
K To
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To extract the fyuare roof, MARK the number locally in the lateral
margin. From the angle formed by the meeting of the mferior line
with the lateral, let a point afcend diagonally till it arrive in a fquare
of the fame value with the higheft number that can be fubtraded from
the number whofe {quare root is fought. In this fquare place a
counter, and fubtra& its value from the number marked in the margin,
Form the congruous gnomons, which from the forefaid {quare have each
their upper counter in a line perpendicular and their left hand inferior
one in a line parallel to the lateral margin: and fubtraét their value one
by one from the marked remainders. The counters, lying perpendi-
cularly to either of the margins, point out the fquare root. Let it be
propofed, for example, to find the {quare root of 2209; I mark the num-
bers 2048;-128, 32, and 1 on the lateral margin. Fig. X. Subtrafling the
value 1024 of the firft counter placed in the table as direCted, the re-
mainders are 1024, 128, 32 and 1. From thefe taking the value 512
and 64 of the firlt congruous gnemon, there remain 512, 64, 32 and
From thefe taking the value of the fecond congruous gnomon 256,
64 and 16, there remain 64, 16, 8, 4 and 1: and from thele taking the
value of the fourth congruous gnomon, 64, 16, 8, 4 and 1, there re-
mains nothing. The {quare root, as indicated by the direCtion of the

counters in the table, is 32, 8, 4, 2 and 1, or 47.

WaAT is above faid will, it is hoped, be fufficient to give a clear idea
of the form and ufe of thofe of Napier’s arithmetical inftruments, which
feemed to him worthy of being communicated to the public. The rea-
fons on which the different operations are founded, depending upon
the conftru@ion of the machines and the obvious properties of num-

bers,

T e s i

kil

i
|
|
|
|
1
:




R e

INVENTIONS or NAPIER 19

bers, mult occur to every reader endowed with a moderate thare of
attention, 'The hint of the rods, or wirgule wumeratrices and of the
promptuatry which is only an improvement of the rods, feems to have
been taken (rom the Abacus Pythagoricus or common multiplication table.
Napier’s acquaintance with chefs, the moft ingenious of all games, and
at which mathematicians are commonly the beft players, occafioned his
difcovery of the drithmetica localis. 'The Promptuary, at leaft for muld-
plication, is greatly preferable to the rods and the chefs board ; for the
partial products of two numbers, confifting of even ten Figures cach,
may, by a little pradlice, be exhibited on that machine in the {pace of
a minute, and no numbers require to be written out, excepting the
total product. Had the logarithms remained undifcovered, the promp-
tuary, in all probability, would have become univerfally familiar to thofe
who were engaged in tedious calculations. But to thofe who are ac-
guainted with the logarithms, Napier’s arithmetical machines and thofe
afterwards invented, a few of which we {hall enumerate, although the
monuments of genius, muft, in general, be regarded as machematical

curiofities of no ufe,

PERHAPS put into the hands of young people learning arithmetic,

they might make them fond of that ftudy.

SuickARTUS in a letter to Repler, written in the year 1623, informs
him that he had lately conftructed a machine confiifting of eleven en-
tire and fix mutilated little wheels, by which he performed the four
arithmetical operations ¥, Pafcal, in the year 1642, at the age of nine-

Leen,

% Kepl. Epift, p. 683,
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teen, anvented a machine with which all kinds of computations may

L ., -4 #} e 1 - PSR B | | L
0€ mage witnout tne E-L‘ﬂ, without counters, ana witiout the know=
ledor of s aal thmetic. I have not been able A I
COUgC 01 an .- Tiie f.:!. arithmetic, 5 AVE 0o €cen i€ to meet with qil}r

t muft however have been of a very complicated

nature as its author was two '_;,’23'-‘ in Lu‘im.:g it to PEi fedtic o, {}Nuu

L 1545 1o Fin Ty e +h ' " B 1T 1 | +1
to tne duliculty he found to make the workmen underftand him tho-

By TL y Py o o 3 Y W |
rougaly *, 'The Irench writers agree in call ling it admirable ; T but the

does it more honour than it deferves, ' his

ae cabinet of the king of France and in thofe

L oo
A

[sr2 Marquis of Worcefter, a man of |
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tions in his fcantlings of inve ntions, pu‘t;liiizc.i in the year I(}r"

ftrument whereby perfons ignorant in arithmetic

oy
S5 and J

numerations and fubtra@ions of all fums

l-l'

here refers to fome of Napier’s inftruments, to Gu

unter s icale, of whi

I fhall afterwards fpeak, or to fome invention of his own is uncertain,
# ; 3

L3

AsouT the year 1670, ** Sir Samuel Moreland contrived two arith-
metical inftrun *_-nr::; one for addition and fubt_i'aétion, and the other

for multiplicaton, divifion, and the ext:

H
f 4

1_.1\_. f‘]udvc C._L'[u.,, Ei.i."!

i |

fquare cube roots, the defcription of which he publifbed at London,
auno 1671 1 .

Mucn
® Les hommes illuftres par Perrault vie de Pafeal, t Bayle Chauffepie, Baillet, Perranlt, &e,
1 Pref. Penfecs de Palcal. § N° B4. Glag. Tdit. 1767,

i Mo

reland’s Inflrument of excellent ufe as well at fea as at land, invented and variouflly experi-

mented in the year 1650, Lond. 1671, Fol.

11 See allo. Phil. Tranfa&. N2 g4
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INVENTIONS or NAPIER, 4x

Mucu about the fame time, Mr George Brown, afterwards Minifter
of Kilmaures in Scotland, invented a machine which, in his account of

it publithed at Edinburgh in the year 1700, he calls the Rofuls Arith-

metica. This machine confifts of a box containing a circular p plane move-
able on a center pin and fixed ring, whofe circles are deferibed from
the fameé center. The outermoft circular band of the move able, and
the innermolt of the fixed, are each divided into a hundred eq jual parts,
and thefe parts are numbered o, 1, 2, 3, &c.  Upon the ring there is

a fmall circle having its circumference divided into ten equal parts

I 1

furnithed with a needle which fhifts one part at every revolution of the
moveable. By this fimple infirument are performed the four arithme-
tical operations not only of int tegers but even of decimals finite and

infinite ¥,

SoME time before Mr Brown’s little book appeared, Mr Glover ha

Ha

e 1540 .- 1
publithed a Roue drithmetigue fimilar to the Rotula bu t fo perfedk

VOLL
e : | -
it would appear however that that gentleman had got fome hints of the

conftruction of the Rotula from a brother of his o wni who had been one

of Brown’s pupils in 1674 1.

Iy the year 1725, an inftrument invented by M. de I'lipine of a more
fimple co ‘li-rtw. on and eafier in its operations than Pafcal’s; in 1730,
another by Mr Juuifj’i.-nde:.m, by which calculation is performed wichout
writing; and in 1738 a third by Mr Rauflin, confifting "of rods diffe-
rent from thofe of Napier, were approved of by the l"rc:—u:l: academy 1.

:
i SAM

* One of thefe machines is in the library belonging to the faculty of advocates =

£
£

T Rot, Arithm, Pref, + See the Paris themoirs for thefe years. Eliltoire
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LIFE WRITINGS, &

Sam Reyer inventec have not been able to learn, a

= 1 o o e | Jiyryg S e m i e
kind of fexagenal Napier’s, by which iexagenary
L e T B i e
aritimetic 1§ €aill ¥ ‘--.-.I. .._:1 ddifoil e

s conftructed

#See Chamber’s Diflion, Axticle Acithmetic,

|




