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I. Afbors Accownt of Negativo-affirmative Arith
metick, by Mr. John Colfon, F.R.S.

HE Ulefulnefs of this Arithmetick confills in

this, that it performs all the Operations with
more Eafe and Expedition than the common Affirma-
tive Arithmetick, efpecially in large Numbers: And
it differs from the common Arithmetick chiefly in this,
that it admits of Negative Figures promifcuoufly with
the affirmative. Thele negative Figures are dittinguifh’d
from the Affirmative, by the Sign - placed over them.

Thus 3709286573961472 is one of thefe Numbers,
which may be converted into its Equivalent common
Number 2308716432039468, in this manner :

3009006503000470
070028007096 1002

230871643zo£;;Z§

(r.) Write down all the affirmacive Figures by
themfelves, putting a Cypher in the place of every
negative Figure. (2.) Writc down all the negarive
Figures by themfelves, putting a Cypher in the place
of every affirmative Figure. (3.) Subtrat the laft
Number from the firlt, and the Remainder will be a
common Number, equivalent to the given negativo-
affirmative Number. See the Operation above.

But the readieft pra@®ical Way of performing this
Reduction in any given Number, will be in this man-
ner: Begin at the left hand ; and going over all the
Figures in order, obferve thefe Rules.  (1.) Anaf-
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firmative Figure before a Negative muft be diminifh'd
by anUnit. (2.) A negative Figure before an Affirma-
tive, muft be changed into its Complement to ro.
(3.) A negative Figure before a Negative, muft be
changed into its Complement to 9. All other Figures
muf(t remain unchanged, and a Cypher is always to
be underflood where there is no fignificant Figure,
The fign of the Cypher is negle@ed ; but where there
is occafion to confider it, it is always fuppos'd the fame
as the Sign of the following Figure. Thus the negati-

vo-affirmative Number 729586455982001730 is im.
mediately reduc’'d to 710585545977998330; and
fo of all others.

But on the contrary, common Numbers may be re-
duced to negativo-affirmative Numbers a great variety
of Ways, by (ubftituting inftead of the Figures 1, 2,3,

4, 5,6,7,8,9, their refpective Values 199185 17,16

15,14,13,12, 17, in any places at pleafure. But the
moft ufetul Reduction of this kind is what I call 4 Re-
dullion ro fmall Figures, which confifls in throwing out
all the large Figures, 9,8, 7,6, out of any given Num-
ber, and introducing in their rcom the equivalent

(mall Figures 11,12,13,14, relpectively. Thus

182937462 may bereduc'd to 223143542, confifting
only of {mall Figures. But this Reducion may be
perform’d more readily by thefe Rules following.

(r) A {mall Figure before a large Figure muft be
increafed by an Unit.  (2.) A large Figure before a
large Figure muft be changed into its negative Com-
plement to 9. (3.) A large Figure before a {mall Fi-
gure mult be changed into its negative Complement
to 10. Other Figures are not to be changed ; and 5
will be ambiguous, being to be efteemed either large

or
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or fmall, according as the Figure following is either
Jarge or fmall. Some Examples of this Reduction fhall
here follow, both in whole Numbers and Decimal Fra
&ions,

- - -

37068259764 = 43132340234

7295289603995 = 13315310 41340043

9260872395,87204 = 11341132404,133 14

Or(9)926087239587294 = (10) 1;3;1;52404,:3 314
(m)387916407953,&c. = (m) gr2x24412153, &c.

It is to be obferved, that in this laft Example the
Numbers are what I call interminate, or Approximati-
ons only; that is, the firlt and moft valuable Figures
are exprefs'd, and all the reft (whether finite or infi-
nite in Number, whether known or unknown) are o-
mitted as inconfiderable, and infinuated by the Mark
&ec. Alfo the Index m before the Number ftands for
{fome Integer, exprefling the Diftance of the firt Figure
3 or 4 from the Place of Units; which Integer is ei-
ther affirmative or negative, according as the faid firft
Figure ftands in integral or fra&ional Places. The
Example immediately before is a particular Inflance of
this.

And thus much by way of Notation: To proceed
thercfore to the Operations to be performed with thefe
Numbers, whether reduced to fmall Figures or not;
and firft of Addition.

Place the Numbers to be added juft under one ano
ther, obferving the Homogeneity of Places, as in com-
mon Numbers. Then beginning at the Right Hand,
collect the Figures in the firt Row or Column, ac-
oording to their Signs, and place the Refult uvnder-

Y ncath;



(164 )

neath : And fo fucceflively of all the other Columns,
as in Example 1.

But if atany time this refult cannot be exprefs'd by
a fingle Figure, it may be writ down with two or more
Figures, obferving the Homogeneity of Places, and then
the Sum may be collected over again.  But to fave
this trouble, it will be fufficient to referve the Figure
in mind which belongs to the next Column, and col-
le@ it with the Figures of that Column; as in Ex.
amples 2, 3.

If the Numbers to be added are reduced to fmall
Figures, asin Example 3, their Addition will be very
fimple, and the Sum may alfo be exhibited in {mall Fi-
gures, by an eafiec Subltitution of Equivalents, where
there is occafion.

(1) (2.)
257384263 6470396 82
cg82 1370 45@5536}!

5807303 819403765
953 364212 18646 43894
(3.)

(m) 215314043 1218, &C.
(m) 5042031425512, &c.

(m=1) 431023102413, &c.

(m-2) 51342110321, &¢C.

{in-3) 2;30;.2;035 &ec.
(-4) 132021224 &c.
(=) 13224315, &c.

Sube
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Subtraction in this Arithmetick is reduced to Addi-
tion, by changing all the Signs of the Number to be
fubtracted.

Thus, if from (#) 72938429637, &c. we are to

fubtrac (#-2) 810735916, &c. the Remainder will be
found as in Example 4.

(4)
() 72938429637 &c.
(#-2) 810735926, &c.

M) 737471 54343, &c

Thus in all Cafes will Addition and Subtradtion be
eafily performed : But the chief ufe of this Method
will be, to eafe the trouble of prolix Multiplications.
And here, as well as in Divifion, the firlt and moft va-
luable Figures may be firft found, and confequently the
Produé may be continued to as many Places as fhall
be required, without finding any unneceflary Figures;
which is a convenience not to be had in the ordinary
way of Multiplication.

Let it be propofed to Multiply together the Numbers
8605729398715 and 389175836438, which reduced

to fmall Figures will be 11414331401315 and 4112

24244442 Write down thefe two Numbers one un-
der the other upon a {lip of Paper, with the Figures
at equal diftances, and then cut them afunder. Take
cither of the Numbers for a Multiplier, and place it

over the other in an inverted pofition, fo as its firft
Figure
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Figure way be jult over the firlt Figure of the Multi-
plicand.

Moveable Multiplier
zFyebibrenib

T T M«l'rip/ic‘dﬁd

1141433140131§

456179182549865062606080

IfI13 Il24 2632 & 23KX

Then Multiply thefe two firft Figures together,
and their Product (4 x 1 = 4) place underneath. Then
move your Multiplier a place forwarder, fo that two of

its fir{t Figures may be over two of the firft Figures of

the Multiplicand ; and collecting their two Produéts
(ax141x1=73) put their Refult underneath in the
next place. Move the Multiplier a place forwarder
and collecting the three Products (4xq 4-Tx14Tx 1=
16) put the Refult underneath, as in the Example.
Move the Multiplier, and colle@ the four Produdls
(4xt41xa41xt142xr=11) which write under-
ncath as belore. And (o proceed by one flop at a
time, as long as any Figures of the Multiplier can be
over any Figures of the Multiplicand.  Laftly col-
le¢t the Product into one Line, which being reduced
to a common Number will be 33491419369039969

27377170
From this Procefs it may be obferved, rhat at e-
very new Situation of the moveable Multiplier thofc
Figures only are to be Multiply'd together, each by
cach, as ars found over onc another. And this '\‘m]l
tipli-
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tiplication is to be perform’d, and the feveral Pro.
dud@s collected, according to the Rules of Specious
Multiplication, wherein like Signs will make -,
and unlike Sigas will make ~— in the Product. This
will always make the Products deftroy one another,
or at leaft will depre(s and keep them low, and the
Figures them(elves being always finall, the Refult
will be always fmall, and often but a fingle Fi-
gure, which is the great Compendium of this Me-
thod.

When an Approximation only is defir’d, or when
the Produc is to be produced to a given Number of
places, the Operation may be continued one place
farther, in order to obtain {o many Places true as
are required. For feldom any Corre@ion extends
beyond the place immediately aforegoing, and that is
generally corrected but by an unite, and very often
needs no Correcion at all; which will be of no
fmall convenicnce in the Multiplication of Decimal
Fracions.

In this Methiod we may (if we pleafe) begin the
Procefs of Multiplication from the loweft places, or
from the right hand, as is ufual incommon Arithmetick,
and then the Correction may be carry’d on continually
to the next place, and fo the Produ@® may be always
comprehended in one Line, without the ufe of any Su-
perfluous Figures, Ofthis I fhall give an inltance in the
foregoing Example,

Mo
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Moveable Multiplier
zbi’f_’btfftlff’
Multiplicand
11414331401315

3349141936903996927377170 = Prodult

Place the moveable Multiplier inverted in fuch a
manner, as that its laft Figure 2 may be juft over ¢
the laft Figure of the Multiplicand. Multiply thefe to-
gether (3 x5 =10 ) and fet down the laft Figure of
the Produ@ o juft under, referving the firft Figure 1
for the next place. ‘Then move the Multiplier a place
forwarder, o that two of its laft Figures may be
over two of the laft Figures of the Multiplicand, and
then Multiplying and colleting you will have
T4-2x144xs=r17 Set down 7 in the next place
of the Produd, and referve 1. At the next remove
vou willhave 1 -2 x5+ a4x144xs5 =131 Setdown
rand carry 3. Then 342 x14 4 x3 4 4x144x5
=133 =37. Setdown 7andcarry 3. Then 341 x
o+4x;+4x§+2xx+4x5=;=77. Set down
7 and carry 1. And fo proceed as long as there can
be any Figures over one another, and the Product will
be found as before.

This way of Multiplication is fo eafy, and may be
made fo lamiliar by a little Practice ; that it will be
but little fhort of Multiplication by Infpetion, and will
doubtlefs {eem very furprizing to thole who are only
acquainted with the common tedious way of Multipli-
cation : efpecially if we content our felves with a men-
tal preparation of the Numbers given, or only mark
thofe Figures that are to be charged, which by fome
Practice is ealily atrained.

The
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The firlt of thefe two ways of Multiplication will
be moft convenient for interminate Numbers. As if
we were to multiply (m) 307149741748, &e. by
(n) 183609712649, &¢c. the Produ@ will be found
(m+n) 563956758222, &c. as may appear from
the Procefs following.

) ‘15btrforbbre (u)
(M) 313150342352, &

(m-+n) 644057258378,&c.

Here the Index of the firft Figure of the Produd
will be m 4 n, or the Sum of the Indexes of the
given Numbers; but it would have been m + n- 1
if there had been any increafe from the Produ of
the two firlt Figures, or if there had been any corre-
&ion to have been made to the Cypher, which is
underftood before the firt Figure of the Produc.

When both the Numbers to be multiply'd are inter-
minate, as in the lalt Example, they ought to confift
of the fame number of Places, or otherwife the great-
er number muft be reduced to the leflcr, by cutting off
the fuperfluous Places :  And the Preduct is not to be
continued beyond the fame number of Piaces. Ifbut cne
of the number is interminate, che other muilbe reduc’d
te the form of an interminate Number, either by cut-
ting of the excefs ol places if it has more, or by fup-
plying or fuppofing Cyphers , if it has fewer places
than the interminate Number, Then the fame reflricti
ons will rake place as before.

The Method ot Divifion 1n this Arithmetick w.il not
be fo fimple or expeditious as Multiplication,  Aiter a
ervaloffeveral ways, Tthink this following will Lethe
Mol commodions.  Reduce the Dividend and Divifoy
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to {mall Figures, and form a Tarifla or Table of all
the Multiples of the Divifor as far as 5. Compare
thefe Multiples with the Dividend, and with the feveral
Remainders after the Multiples have been Subtrac-
ed, by which means you will difcover the feveral fmall
Figures and their Signs, to be put fucceffively in the

Quetient.
To form the "Table of Multiples, fet down the Divifor

above, drawing a line, under which fet down the Divi-
{or over again, putting r over againft it. Add thefe two
together according to the Rule for Additionin finall
Figures, and put 2 over againft their Sum.  Add this
laft and the Divifor together, and put 3 over againft
their Sum. Then add this laft and the Divifor together,
and put 4 over againft their Sum. Laftly, add this
and the Divifor together, putting 5 over againft their
Sum. Thus will you have a Table of all the Multi-
ples of the Divifor, as far as will be neceflary.

Thus for Example, if (m +n) 563956758222, &c.

= (m+ n+1) 1444043242222, &c. is to be di-
vided by (n) 183609712649, &c. = (n) 2244

10313451, &c. the Procefs will be as here follows, by
which the Quotient will be found (m) 313150342354,
&e. = (m) 307149741746, &c.
T ABLE of Multiples.
(n) 224410313451, &
T (n) 2‘24,11051 3;5; , &c.
(n) 433221425302,&c.
(n) sy1231142153, &c.
(n+1) 15_;41443%51‘;0;, &e.
(n4 1) 1122051443245, &c.

©
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Quotient = (m) 313150342357, &.

- ——

551231142153, &¢.

13132420335, &¢.

- - . . -

22441031345, &c.

15233451010, &ec.
55 x-z;; 1421, &c.

335140411, &c.

224410313, &c.

1?:331;24,&::.
112205144, &c.

_———

1534220, &¢.
ss1231, &ec.

124451, &c.

32075, &c.
3332, &ec.

;”31 &e.
s51,&c.

124, &c.
rr2, &c.

— et

12, &,

The
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I he Index of the Quotient is found by fubtracting the
index of the Divifor from the Index of the Dividend,
when the firft ¥Figure or Figures of the Divifor arc
not greater than the like Figures of the Dividend. Thus
’___(JIJ_T‘\i%% =(m) 30,&c. When they are greater,
then an Unit muft be farther Subtracted from the Index
of the Dividend, Thus 'M_—'Lﬂ?-’“—&::m};l 7

) 2124, &c,
N

Now a litde to illuflrate this Procef(s, it may be ob-
ferved, that che Dividend 1y, &c. or 56, &e. being
compared with the feversl Multiples of the Divifor in
the Table, it is eafily perceived that 5, &c. makes the
ncarctt epproach to i, and therefore its correfpending
Figure 3 muft be made the firt Figure of the Quortient,
which 1 place juft over. Under this T place its refpe-
¢tive Multiple, changing the Signs and collecting,
becaufe it ought to be fubtracted.  Then the remain
der ¢31, &c. being compared with the Table, 1 find
the neareft to it (whether in excefs or defec) to be .3,
&c. or 13, &c. belonging to 1. This thercfore is
made the fecond Figure ot the Quotient, and its Mul.
tiple with the Signs changed is placed under, and colle-
Cted with the laft Remainder. The Refult, or new Re-
mainder 153, &e. that is — 152, &c. or — 52, &,
being compared with the Table, the neareft Multiple
15 55, &c. belonging to 3, which 3 therefore is made
the next Figure of the Quotient, but with the Sign —
over it, becaufe this Remainder is Negative. And for
this reafon the Multiple 55, &c. is put down in its
place without changing its Signs. The reft of the
Procefs will be obvious enough, and if any feruple a-
rifes about placing the Numbers, it may eafily be re.

moved
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moved by a little attention to ‘their refpe@ive Indexes.

In the Divifion of interminate Numbers, the fame
reftrictions are to obtain, as are altcady mention'd in
Multiplication.

Aund this may fuffice for a fhort Summary of Nega
tivo-affirmative Arithmetick, as to the ordinary Ope
rations of Addition, Subtracion, Multiplication, and
Divifion. What improvements may be had from hence
in the Extraction of Roots, whether of pure or affe-
cted Equaticns, I fhall leave to future inquiry.

But all thefe Operations, whether in the common
Decimal Arichmetick, or in this here compendiou fly
deferibed; and not only in Decimal Arithmetick, but
in the fcveral other Species, as Duodecimal, Sexage
fimal, Centelimal, &e. all thefe Operations (1 1ay)
may be much more eafily and readily perform'd, and
with equal accuracy, by an Infirument I have contrived
calld Abacus, or the Counting.Table, which1 hope fhort-
ly to communicate to the inquifitive in thefe matters,
and by which all long Calculations may be very mucl;
facilitated.  Jn the mean time this fhort account of Ne-
gativo-aftirmative Arithimetick, in Denary or Decimal
Numbers, may be premis’d, by way of Introdu@ion to
the knowledge and ule of the f3i0 Infirument
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