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General Introduction 

Concerning the 

NATURE, USEFULNESS, 

and CERTAINTY 

OF THE 

M AT HEMATICS. 

AS man is endued with the noble faculty of 
reafon, and likewife with a flrong innate 
defire of knowledge; it is natural for him 
to exert this his diltinguilhing talent in the 

purfuit of knowledge. Truth alone is the object of 
knowledge; for it is impofiible to know a falfe thing 
to be true: and evidence is the certain mark or crite¬ 
rion of truth; and this confifts in the perception of the 
agreement or difagreement of our ideas in the mind, 
according as the things in nature agree or difagree. 
As there is no ftronger paffion in the human foul 
than the love of truth, and no greater defire for any 
thing than to find it out; lo, when it is found, 
there is no greater pieafure to the underflanding, than 
the contemplation thereof in the feveral branches of 
fcience; even when the fearch of it is attended with 
the greateft labour and pains. Truth is of fuch a 
nature, as always to be confiflent with irfelf, and 
needs nothing to enforce or recommend it, but its 
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"own native evidence. It is but one fimple, uniform, 
invariable thing; whilft its oppofite, falfhood, is 
infinitely various, inconfiftent, and contradictory. 
As truth is what all men admire, and every one 
aims at; and error what every man hates, that is not 
blinded by felf-intereft; it is neceflary that we take 
care never to receive any thing for truth, which does 
not bring its proper evidence along with it. For it is 
evidence alone that can gain our aflent, and remove 
all our doubts; and when that appears, the mind 
can neither exped nor defire any thing further. By 
the help of this we are enabled to diftinguifh truth 
from falfhood, right from wrong; and we likewife 
have a power of fufpending our aflent till that evidence 
appears; and when it does appear, it compels our 
aflent, 2nd carries abfolute convidion. Truth, when 
exprefled in words, is the fame thing as a true pro- 
pofition; and, as evidence is a neceflary voucher for 
truth, we ought never to give aflent to a doubtful 
or obfcure propofition; but lhould deny it as long 
as we can, and not give our judgment as long as we 
can withhold it, in fuch things as we can have ^n evi¬ 
dent knowledge of. 

Now flnce truth is of fo amiable a nature, and 
fo deflrable to the underftanding, it will be afked 
where it is to be found, and how fhall we come to' 
the knowledge of it? I anfwer, it is to be found in 
the writings of the mathematicians, where the me¬ 
thod of finding it is clearly explained. In the mathe¬ 
matical fciences truth appears molt confpicuous, and 
fhines in its greateft luftre. In other fciences it is 
either felf-evident, and then it affords little pleafure 
to the mind; or elfe it appears with fo much ob- 
fcurity, that falfhood is often miftaken inftead of it. 
The evidence for it is fo dim, that it is only feen 
as in a mi ft; and truth, feen through fuch a dull 
medium, will hardly be known to be truth ; the 
mind will be loft in doubt and obfcurity, and will 
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INTRODUCTION. y 
be unable to make any certain conclufion. But in 
the mathematics, all their demonftrations are free 
from any obfeurity, every ftep has a clear and intui¬ 
tive evidence; and where that falls fhort, the matter 
is thrown out as not deferving a place among mathe¬ 
matical truths. 

The manner whereby truth is found out, is by 
reafoning, which is performed by fir ft laying down, 
as a foundation, certain evident principles, or luch as 
cannot be denied; and then proceeding from thefe 
by leveral fteps till they come at the conclufion; 
which fteps are fo to be linked with each other, and 
laid in luch order, that the underftanding may per¬ 
ceive their connexion and agreement;. which being 
every where true and right, the conclufion muft in¬ 
fallibly be true: for all the parts being locked toge¬ 
ther by truth; the laft refulc, though never lb long, 
muft be equally true. 

Thus mathematicians, from a few plain and fimple 
principles, and a continued chain of reafoning, pro¬ 
ceed to the difeovery and demonftration of truths 
that appear, at firft fight beyond human capacity. 
The art of finding proofs, and the admirable methods 
they have invented for finding out and laying in order, 
thole intermediate ideas that fhew the connection of 
the leveral fteps of the proof, or the feveral links of 
this chain of reafoning; is that which has carried them 
fo far, and produced luch wonderful and unexpected 
difeoveries. In this fcience there appears to be an 
inexhauftible fund in the feveral branches thereof; 
any one of which a man may purfue as far as he 
pleafes, and ftill improve his knowledge further and 
further: and thus, by the help of truths already known, 
more and more may ftill be found out ad infinitum. 

When the mind works on mathematical ideas, it 
works fecurely, which cannot be done in other things 
fo truly; becaufe one cannot keep fo ftridly to the 
definitions, or the meaning of words, in other fubjeds; 
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Vi INTR OD UCTIO N. 
where the ideas are often confounded. But mathe'« 
ticians take care not to confound theirs; for none 
ever miftook the idea of a fquare for that of a circle. 
Therefore mathematical demonftrations are the mo ft 
proper means to cleanfe the mind from errors, and 
to give it a relifh of truth ; which is the natural food 
and noun (lament of the underftanding, 

Reafoning, which is the exercife of reafon, is bed 
learned from the examples and pradices of the ma¬ 
thematicians. It is certain, that no fort of human 
knowledge can lay fo juft a claim to an unfhaken 
evidence and certainty, or boaft fo great a ftrength 
of its demonftrations, or produce fuch a multitude 
of undeniable truths, as the mathematics. All that 
beautiful analogy, and that harmonious conned ion 
and confiftency, is quite loft in other fciences. Where¬ 
fore it is no wonder that greater improvements have 
been made in the mathematical fciences, than in all 
the reft put together. By following their methods, 
a habit of right reafoning is obtained by frequent prac¬ 
tice, like other things; and the caufe why many people 
reafon fo badly is, for want of pradice, due attention, 
and confideration. They proceed in that trad which 
chance has put them into, being ignorant of true 
fcience, and of thofe univerfal invariable principles, 
upon which true reafoning depends: as is evident 
from the many inftances of falfe reafoning and igno¬ 
rance, wherewith the difcourfes and writings of man¬ 
kind abound. 

In purfuance of our reafoning in the mathematical 
way, we are often forced to draw diagrams, in order 
to reprefent the thing in queftion; likewife to form 
ideas of the feveral parts, compound them, divide 
them, abflrad from them; to confult the memory, 
to fee what has been done and what is to do; to in- 
iped: tables, books, inftruments, &c. to call up all 
fuch axioms, theorems, experiments, and observa¬ 
tions, as are already known, and which can be ufeful 
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to us. And then the mind examines, compares, 
methodizes, and alters them-, till the feries belaid 
in a proper order, from the firfl: principles to the laft 
conclufion. For the principal thing required in ftriCt 
reafoning is, to lay the ieveral fteps in due order, 
to fee that they be firmly connected, and properly 
exprefled, without any rhetorical flourifhes, and to 
aim at truth by the fliorteA method. This indeed 
requires cool, fedate, and fober thinking; as alfo 
frequent application and practice, without which no¬ 
thing can be done to the purpofe. To which we may 
add, a fixt, conftant, and firm refolution to embrace 
truth wherever we find it; and to Hum error and falfe- 
hood, when we find ourfelves in danger of falling into 
them. 

There is but one method of true reafoning, fuch 
as has been defcribed; but the grounds of falfe rea¬ 
foning are many, fuch as thefe, want of faculties, 
want of learning, defeCts of memory, want of due 
reflection, not connecting the fteps of the proof, 
trufting too much to the fenfes, paflions, appetites, 
prejudices, cuftom, felf-intereft, errors of education, 
wrong ftating the queftion, not underftanding the 
terms, want of proofs, vulgar received opinions, 
weak authorities, precipitancy of judgment, &V. 
thefe will frequently difturb us in our fearch after 
truth, and are apt to biafs the mind in reafoning 
upon all other fubje&s; but few or none of them 
intrude in the mathematical fciences. Mathemati¬ 
cians never attempt to refolve any problems without 
proper data. 

It muft be owned that the progrefs of this fort of 
knowledge is but flow, owing to the difficulty of the 
feveral branches that come under confideration; but 
then it is fure and certain; the acquifition here gained 
is real knowledge. For this reafon it is the work of 
ages to bring even a Angle branch to perfection: and 
every fucceeding age improves upon the foregoing. 
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viii INTRODUCTION. 
And therefore it is no wonder if the ancients have* 
in many cafes, made ufe of round-about methods to 
encompafs their ends, and given us long and tedious 
demon fixations, and laid down many propofitions, 
either of no ufe, or too Ample and trifling to be taken 
notice of. Whence molt of their inventions may be 
demohftrated fhorter, propounded eafier, difpofed 
in a better method, and taught in a more compen¬ 
dious way. 

But befides the pleafure a man finds in the fearch 
and attaining of knowledge, and the agreeable fur- 
prize the mind is affe&ed with, at the difcovery of ' 
new and difficult truths *, the advantages arifing to man¬ 
kind from thefe fciences, in all the parts of human 
life, are endlefs. By help thereof we are able to keep 
our accounts regular and juft, and manage all our 
tranfa&ions with one another; to caft up ^nd calcu¬ 
late immenfe fums, for nothing lies without the power 
of numbers*, to meafure and divide lands and eftates; 
and alfo all manner of furfaces or folids*, to meafure 
inaccefliblediftances and altitudes, and find the hiofit 
of the clouds; to build houfes, tallies, &c. by which 
we enjoy the principal delights of life, and fecurity 
of health; to make fortifications to defend us from 
the enemy; to make guns and other inftruments of 
war, and to fhew how to ufe them in our defence; 
to refolve all manner of pleafant and fubtle queftions; 
to build fhips, and by the help of wind and fails, and 
the rules of art, to fail upon the fea, and find our 
way through it to diftant countries, and traffick with 
foreign nations, whereby our wealth is increafed; 
to contrive inftruments to weigh and meafure all forts 
of commodities, and give every man his juft weight 
and meafure; to make engines for raifing and *re- 
moving huge bodies; to invent innumerable machines, 
ufeful in private life, and neceflary for our living 
commodioufly, fuch as clocks, watches, jacks, pumps, 
C5r. to make dials and other inftruments for keeping 
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INTRODUCTION. - ix 
a regular account of time; to make ephemerides and 
chronological tables, to fhew and account for the re¬ 
turn of the various feafons of the year, and to keep 
account of remarkable tranfadlions and events; to 
defcribe the feveral countries of the earth, and make 
maps and reprelentations thereof, and even to meafure 
the whole earth and fea; to account for the rifing and 
falling of the tides ; to number the liars, and range 
them in their proper order; to meafure the magni¬ 
tude and diftances of the planets, and explain the laws 
of their motion, and fet bounds to their wandering 
courfes ; to afcertain the fituation of all the great 
bodies of the univerfe, and fhew the fabrick and 
conftrudlion of the whole world#; and to admire 
that wonderful power that contrived and framed it; 
to lead us through the dark mazes of nature, and 
through the intricate labyrinths and hidden fecrets 
of philofophy; to make proper inftruments to im¬ 
prove the fight, and even reftore it in old age; and 
to magnify fmall bodies, imperceptible to the naked 
eye, and make them become viiible; and to caufe 
remote invifible things to appear to us large and 
diftindt; to give the true reprefentation or draught 
of any objedl, fuch as towers, caftles, trees, towns, 

and to fix in the mind a method and habit of 
right reafoning, a thing of the utmofi: confequ^nce, 
without which a man can hardly be called a rational 
creature. 

The time would fail me in attempting to enume¬ 
rate all the ufes and advantages of mathematical 
.learning; and no words can fully exprefs the praifes 
of that fcience, which wanders through the heavens, 
the earth, and the feas: nor is it poffible to fet any 
bounds to fo extenfive a fcience. In this age, the 
number of its admirers and profefibrs are many, and 
daily increafe more and more. Mod people feem 
to be infpired with the love of mathematical learning, 
and to be inamoured with its charms, and to court 
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its favours and acquaintance. For this reafon the 
ingenious and polite, of all ages, have applied them- 
ielves to it, and made it a great part of their ftudies. 
And in many countries princes and noblemen have 
pradtifqd and exercifed themfelves herein. Nay, the 
gicateft kings and pniiofophers, charmed with the 
beauties of this fcience, have not only bellowed a 
great part of their time, in the contemplation and 
Fudy thereof, but have travelled abroad to diflan t 
phu.es, in order to make improvements in this ad- 
mu able knowledge. And have, at great expence, 
lent perfons of learning and fagacity into remote 
countries, on purpofe to make new difcoveries in 
fome branch or other of this fcience ; a fcience truly 
divine being converfant in nothing but truth •, which 
io fatisfadbnly inflrudh and informs the underftand- 
mg, and feeds the mind with fuch variety of pleafures 
and lecreanons, and produdfive of fuch infinite ad¬ 
vantages to mankind. 

And upon account of the great importance of this 
art, and its utility to all ranks of men ; foreign na¬ 
tions have honoured men of eminent learning therein, 
with peculiar marks of their efteem, by allowing 
public falaries to perfons of diftinguilhed meri£ 
who have by their writings intruded mankind, and 
Ipent their time and money in improving and ex¬ 
plaining the fevcral branches of this fcience; as mo¬ 
tives and encouragements for promoting thefe arts, 
and profecuting their fludies therein, and as rewards 
for the labour and difficulties they undergo in travel¬ 
ling through thefe craggy paths, in order to increafe 
the common flock of knowledge, for the public 
good. r 

Having faid thus much concerning the certainty, 
extent, and ufe, of the mathematics ; I fhall now 
proceed to explain the nature thereof more particu¬ 
larly, and to defcribe the feveral methods that rna- 
thv.maucians proceed in, for the difcovery of truth; 
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by which will appear the excellency of mathematical 
reafoning, above all others in the world •, and con- 
fequently that it is juflly to be* efteemed' the beft 
pattern, that men can propofe to follow. 

Mathematics is a fcience that confiders and treats 
of all kinds of quantities whatever, that can be num¬ 
bered or meafured. That part which treats of num¬ 
bering is called arithmetic : and that which concerns 
meafuring is called geometry. Thefe two, which 
are converfant about multitude and magnitude, are 
called pure or abftradl mathematics, becaufe they in- 
veftigate and demonftrate the properties of abftrad: 
numbers and magnitudes of all forts : thefe two are 
the foundation of all the other parts. And when 
thefe two parts are applied to particular fubjects, they 
are called mixt mathematics. Mathematics is alio 
called fpeculative, fo far as it is concerned in find¬ 
ing out true proportions; and practical, as thefe re¬ 
late to ufe, and are applied to pradtice. 

Quantity is whatever will admit of increafe or de- 
creafe ; or is capable of any fort of calculation or men- 
furation. 

Apropofition is fomething propofed to be proved; 
or fomething required to be done. 

A theorem is a demonfbrative propofition, wherein 
the nature and property of a thing is propofed to be 
proved. And a let of fuch theorems, is called a 
theory. 

A problem is a queftion requiring fomething to be 
done. A limited problem is that which has but one 
anfwer. An unlimited problem is that which has aa 
infinite number of anfwers. A determinate problem, 
is that which has a certain number of anfwers. 

Solution of a problem, is the anfwer given to it. 
A numerical folution is the anfwer in numbers. A geo¬ 
metrical folution is an anfwer by the principles of geo^ 
metry. A mechanical folution is one which is gained 
by trials. 

A lemma 
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yf is a fhort preparatory propofition, laid 
down in order to Ihorten the demonPration of the 
main propofition which follows it. 

A corollary, or confeflary, is a confequence drawn 
from a propofition already demonPrated. 

yf fcholium is a remark made on any proportion* 
corollary, or other difcourfe. 

Principles are the firP grounds, rules, or founda¬ 
tions, of any fcience ; as definitions, axioms, po¬ 
pulates, and hypothefes. 

A definition is the explication of any word or term, 
in any fcience; every definition ought to be clear, 
and contain no word or term but what is perfectly 
underPood. 

An axiom, or maxim, is a felf-evident propofition* 
Thefe appear to be true at firlt hearing, and no body 
can deny them, without con trad idling common fenfe 
and realon. Here nothing ought to be allowed for 
an axiom, but what is clear and felf-evident: as 
this, the whole is greater than a part. Out of an in¬ 
finite number of lelf-evident truths that occur to the 
mind, men feledl fuch as are general, and of mofl 
ufe in demonPrating any fcience, and lay them up 
in Pore, to have recourfe to, as need requires. And 
though men in their reafoning do not always men¬ 
tion fuch and fuch axioms ; yet the mind perceives 
the force of them, and what they mean, without 
Popping to repeat the words, or name them. 

Apoftulate, or petition, is fomething required to 
be done, which is fo eafy, that no body will dif- 
pute it. 

An hypothefis is a fuppofition afllimed to be true, 
by which a man is to argue, and build his reafon¬ 
ing upon. 

Demonftration is the collecting the feveral proofs 
and arguments, and laying them in fuch order, as 
to fhew the truth of the propofition under confidera- 
tion. Thefe proofs are to be drawn only from firp 

principles. 
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principles, and from propofitions already demon- 
ftrated. Heire we muft keep ftridtly to one and the 
fame fenfe of each definition ; and when nothing is 
admitted but definitions, and axioms, and fuch po- 
ftulates and hypothefes as are agreeable to the nature 
of the thing ; and the conftrudtion of figures in geo¬ 
metrical fubjedls ; and demonftrated propofitions *, 
and when the feveral arguments, or fteps, are rightly 
connected together, fo as one is plainly feen to be 
diredUy inferred from another, through the whole 
feries or chain of reafoning: the conclufion at laft 
obtained muft be certain and true. Thus one truth 
is drawn from another, and from thefe a third, and 
thus continuing to deduce truths from truths, through 
the whole train of truths, we come at laft to the con¬ 
clufion or truth fought after. 

A direct, pofitive, or affirmative demonfiration, is 
that which concludes with the certain and diredt 
proof of the propofition in hand. This kind of de- 
monftration is moft fatisfadfory to the mind* and 
therefore is called an ojtenfive demonfiration, 

A negative, or indirect demonfiration, is that which 
fhews a propofition to be true, by fome abfurdity 
which would neceftarily follow if the propofition ad¬ 
vanced fhould be falfe : this is called reduttio and#£- 
furdum •, and fhews the abfurdity and fallhood of all 
fuppofitions, but that contained in the propofition. 
This is frequently made ufe of for eafe and brevity’s 
fake, and to avoid a long perplext oftenfive demon- 
ftration. But although this fort equally convinces 
the mind, and forces aftent, yet it does not equally 
enlighten it. For it does not fo much demonftrate 
the truth itfelf diredtly, as the confequent abfurdity 
or impolfibility of the oppofite fuppofition ; whence 

' it follows certainly (though indirectly) that the pro- 
ppfition is true. When, at the fame time, the ori¬ 
ginal reafon of its truth, or by what intrinfic caufe 
it comes to be fo, remains quite obfeure and in the 
flark. A gev~ 
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A geometrical demonftration, is that which depends 
on the principles of geometry. 

It has been fhewn, that when the firft principles 
are all true, upon which the reafoning relies ; and all 
the Heps truly and evidently conne&ed together j 
that the conclufion we come to at laft, muft necelTa- 
rily be true. 

But if we lay down a falfe hypothefis, and argue 
upon it as true, although we carry on our reafoning 
ever fo rightly, yet the conclufion will molt certainly 
be falfe. For from falfe premifes nothing but falfhood 
can follow. And therefore, on the contrary, when 
we argue from a precarious hypothefis, and conduct 
our Reafoning with the greateft rigour of truth, and 
at laft come to a falfe conclufion; we may be allured, 
the hypothefis we argued from is falfe. For there is 
no other poffible caule for falling into a falfe conclu¬ 
fion. And this is the foundation of that way of rea¬ 
foning before mentioned, called reduftio ad abfurdum 
vel impoffibile. And this teaches us how to detedl falfe 
hypothefes. 

Again, if our hypothefis and other principles be 
all true *, and we happen to reafon wrong, either by 
giving a falfe meaning to any term, or making ufe 
of falfe propofitions, in the courfe of our reafoning; 
or not connetfting the feveral Heps rightly together ^ 
then falfhood and not truth mull again be the con¬ 
clufion ; except it be by mere chance, that one error 
may correct another. And if our firft principles 
and reafoning be both falfe ; it is a thoufand to one 
but the conclufion will be falfe, and truth here, muft 
have a poor chance for appearing. 

Method is the art of difpofing a train of arguments, 
in a right order, either to find out the truth, or falfhood 
of a propofition ; or to demon Urate it to others, 
when we have found it out. This is either analytical 
or fynthetical. 

Analyfis9 
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Analyfis, or the analytic method, is the art of finding 

out the truth of a propofition, by fuppofing the thing 
to be done*, and going back ftep by ftep, till we ar¬ 
rive at fome known truth. This is called the method 
of invention, or refolution, and is generally ufed in 
algebra. 

SynthefiSy or the fynthetic method, is the fearching 
out truth, by fir if laying down fome fimple and 
eafy principles, and purfuing the confequences till 
we come at the conclufion. This method begins “at 
the mod fimple and eafy things, and proceeds to the 
more compounded and general. It is alfo called the 
method of compofition, and is contrary to the analytic 
method ; as this proceeds from known principles to 
an unknown conclufion ; whilft the other goes in a 
retrograde order from the thing fought, as if it was 
known, to fome known principle. And therefore 
when any truth has been found out by the analytic 
method; it may be demonftrated in a backward order, 
by fynthefis. 

Thus you have an account of the rules and me¬ 
thods, whereby the mathematicians manage this their 
fcience, and handle their feveral fubjeds. Methods 
fo clear and inftrudive, that they may juftly challenge 
the world to produce any others, of equal perfpicuity, 
evidence, and certainty. And the ftrudures they 
ered thereby are equally ftrong and impregnable, as 
well as admirable and furprizing. For in the firft 
place, they premile fome general principles to begin 

.with, as definitions, axioms, &c. from thefe they 
derive fome fimple and eafy propofitions; and from 
thefe others are drawn ftill harder; and then by de¬ 
grees they arrive at the more difficult ones *, what 
goes before being always helpful for finding out the 
following. Thus a chain of arguments is carried on 
in an uninterrupted feries, and their truth confirmed 
by infallible reafoning. Then the mod general and 
ufeful propofitions are colleded together, and drawn 

up. 
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up in order, and put into a body or magazine, and 
referved for ufe, to be called forth, as occafion re¬ 
quires, for the inveftigation and dcmonftration of 
others. Thus they form fo many fyftems of ma¬ 
thematical truths, according to the various fubjeCts 
they examine ; which mult Hand as principles for 
finding out new ones, or as tells for trying the truth 
of others. For any proportion being once proved 
true, mult eternally remain true, and can never vary: 
it being the nature and elfence of truth to continue 
invariable. 

Now thefe feveral fyftems, or branches of the ma¬ 
thematics, that is, the divifion of the mathematical 
fciences, have been differently made and reckoned 
up, by different men. But the principal branches 
or parts thereof, at leaft thofe of moft ufe, may be 
reckoned to be thefe: arithmetic, geometry, pro¬ 
portion, trigonometry, projection of the lphere, men- 
furation, furveying, guaging, dialling, gunnery, geo¬ 
graphy, conic feCtions and curve lines, navigation, 
mechanics, optics, perfpeCtive, chronology, algebra, 
centripetal forces, aftronomy, fluxions, increments. 
I have already publilhed feveral of thefe in feparate 
traCts, and from the regard I always had for thefe 
arts, and the great defire I have of feeing them 
fiourilh ; I intend from time to time, in the courfe of 
this work, to publifh the reft, as foon as they can 
be got ready for the prefs. Which done, I doubt 
not but the young ftudent will be furnilhed with 
a compleat courfe of the mathematics, fufficient to 
inftruA him in his progrefs, through thefe difficult 
paths, and to make him fit and able to read iarger2 
and more elaborate treatifes. 
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THE 

PREFACE. 

"T jT E that would make any confiderdble progrefs in 
£ JL the mathematics, mufi begin at the firft princi¬ 

ples, and proceed gradually forward from one 
branch of that fcience to another ; according as they are 
naturally connected together, and have a dependance upon 
one another. This will make the progrefs as eafy, Jhort, 
and intelligible, as the nature of the thing will admit of. 
Whilft he that takes a contrary courfe, will always be 
involved in difficulty, doubts and obfcurity *, the know¬ 
ledge he gains will be imperfebl; and for want of evi¬ 
dence., the mind will want that conviction which is ne- 
cejfary for efiablifhing truth. 

Arithmetic may be juftly faid to be the bafts of all the 
ether parts of mathematics. All things of whatever 
kind they are, may be reduced to numbers, and their 
quantities and proportions, calculated by numbers. All 
other branches have need of arithmetic, fome way or 
other ; and would often be at a ftand without it. Tet 
arithmetic has no need of them, but ftands folely upon 
its own principles. In all parts of the mathematics, 
no problem of any fort is deemed to be compleatly folvedy 
till it be calculated arithmetically, and its value brought 
out in numbers. And fince it is of fuch confequence, it 
is abfolutely neceffiary for the young fludent^ who would 
lay a good foundation for attaining a competent know¬ 
ledge in the mathematics, firji of all to make himfelf ac- 

a 2 quainted 



4 The P R E F A C £. 
quaint ed with all the parts of arithmetic, and the na¬ 
ture and properties of numbers : without which it would 
be in vain for him to attempt any thing. 

N 

And as it is of fuch great ufe in the fciences, fo it is 
equally ferviceable in human actions and employments. 
He tnufi be very little verfed in the common affairs of 
life, that does not know the great ufefulnefs of arith¬ 
metic in every inftance thereof. No biifinefs can be car¬ 
ried on without the help of numbers ; no trade or com¬ 
merce exercifed without regular accounts: fo that in 
all fituations of life, arithmetic is a neceff'ary accom- 
plifhment. 

As to the enfuing treatife, I have in the jirfl book, 
fully, and yet very concifely handled all the parts of 
common arithmetic ; and have made all the rules thereof \ 
as jhort as poffible, fo as to be intelligible; and the 
reader cannot fail of underftanding them, by means of 
the examples there given, which I fuppofe are fufficient 
for that end, and no more. 1 have alfo endeavoured 
to give the reafons for the feveral operations in the fun¬ 
damental parts of this art, which cannot mifs pleafing 
the reader, as he will have his judgment and under¬ 
ftanding informed, at the fame time he is learning the 
practice. 

In the fecond book, 1 have delivered the fubftance of 
what Euclid and others have written about the pro¬ 
perties of numbers,, adding whatever I thought of any 
confequence in the theory of numbers. And here 1 have 
for the moft part demonftrated the propofitmis of Euclid 
after a different manner from him, and often more ge¬ 
nerally. And though the theory ought to precede the 
prallice, in any fcience : yet here it was hardly poffible 
to obferve that rule. For there is not only frequent ufe 
made of multiplication, divifion, &c. but there is a 
good deal of abftraft reafoning about the properties of 

mm- 
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numbers, which could not well be underftood, till the 
reader was well acquainted with the operations of arith¬ 
metic \ which is the reafon I have put it laft, I know 
of nothing that is wanting in this treatife, except it be 
a greater variety of examples \ and this would require 
more room \ and the intelligent reader can eafily fupply 
thefe of himfelf; to whom 1 wijh fuccefs, anfwerable 
to his endeavours. 

W. Emerfon. 
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ARITHMETIC. 

, DEFINITIONS. 

i. yf RITHMET 1C is'the art of computing 
y / by numbers; it is called vulgar or com¬ 

mon Arithmetic, when it treats of whole 
numbers. i 

2. Unity is that by which every thing is called 
one •, and a unit is the beginning of number. 

3. Number is a multitude of units : by this every 
thing is reckoned. 

4. An integer is any whole thing. 
5. A whole number is a precife number without 

any parts annext. 
6. A mixt number is a whole number with fome 

part annext. 
7. A fraction is a part or parts of an unit. 
8. A proper fraction is lefs than a unit. 
9. An improper fraction is greater than a unit. 
10. An aliquot part is that which is contained a 

precife number of times in another. 
Cor. Hence 1 is an aliquot part of any number: 

but a number Oannot be called an aliquot part of it- 
felf. 

11. An aliquant part is fuch as is contained in ano¬ 
ther, fome number of times, with fome part or parts 
over., 

R 12. One 



' 2 DEFINITIONS. 

12. One number is faid to be multiple of an¬ 
other, when it contains it a precife number of times. 

13. One number is faid to meafure another, when 
it is contained in the other a precife number of times, 
without a remainder. The faid meafure is alfo a 
divifor. 

Cor. Any number is a meafure to itfelf. And 1 
is a meafure to any number. 

14. An even number is that whofe half is a whole 
number. 

15. An odd number is that which cannot be divided 
into two equal whole numbers. 

Cor. The numbers one, two, three, four, &c. 
are alternately odd and even for ever. 

16. A prime number is that which can only be 
meafured by a unit. 

17. Numbers are faid to be prime to one another, 
when only a unit meafures both. Thefe are alfo 
called coprimes. 

Cor. Therefore 1 is prime to every number. 
18. A ccmpofite number is that produced by multi¬ 

plying feveral other numbers together, called faftors 
or multipliers. Alfo what is produced by fuch mul¬ 
tiplication, is called a product. 

19. Numbers are faid to be compofed to one another, 
when fome number (greater than a unit) meafures 
both. 

20. A plane lumber is the number produced by 
multiplying two other numbers. 

21. A folid number is the product of three num¬ 
bers. 

22. A fquare number is the produdt of a number 
by itfelf. 

23. A cube number is the product of a number, 
and its fquare. 

24. Like or fimilar plane or folid numbers, are thofe 
whofe Tides or multipliers are proportional. 

25. A 

1 



DEFINITIONS. 3 

25. A perfect number is that which is equal to the 
fum of all its aliquot parts. 

26. The power of any number, fignifies, that the 
number (called the root) (hall be fo often multiplied, 
as is denoted by the number (or index) exprefiing 
the power. Thus the 2d power of 5, is 5 multi¬ 
plied by 5, or 25; the 3d power of 5, is 25 mul¬ 
tiplied by 5, &c. 

27. Four numbers are faid to be proportional, or 
in the fame proportion, when comparing two and two; 
the firft is the fame multiple, or the fame part or 
parts of the fecond, as the third is of the fourth, 
thus: 6, 2, 9 and 3, are proportional•, for 6 con¬ 
tains 2 thrice, and 9 contains 3 thrice. Alfo 4, 6, 
10, 15, are proportional; for 6 is once and half 4, 
and 15 is once and half 10. And the feveral num¬ 
bers are called the terms of the proportion *, and the 
quotient arifing, by dividing the former by the lat¬ 
ter number, is called the Ratio. 

28. Numbers are faid to be in continual proportion, 
or in geometrical progreffion, when the firft has the 
fame proportion to the fecond, as the fecond to the 
third, and as the third to the fourth, and fo on, 
thus: 2, 6, 18, 54, &c. are continual proportion¬ 
als. 

29. Mean proportionals are all the intermediate 
terms, between the extremes, in a geometrical pro- 
grefiion. 

30. Surds are fuch numbers as have no exact roots. 

NOTATION. 

1. The charadters by which numbers are exprefied, 
are thefe ten: o, 1, 2, 3, 4, 5, 6, 7, 8, 9 ; o is 
called a cypherand the reft, or rather all of them, 
are called figures, or digits. The names and fignifi- 
cation of thefe charadters, and the origin or genera¬ 
tion of the numbers they ftand for, are here fee 
down : 

B 2 o no- 



4 NOTATION, 

o nothing. 
i one, or a fingle thing called 

then 1 + 1 = 2 two. [a unit. 
2 + 1=3 three. 
3 + i=4 four. 
4+1=5 five. 

5+i =6 fix. 
6+i = 7 feven. 
7+1=8 eight. 
8 + 1 = 9 nine. 

then 9 + i = ten, which has no fingle chara&er ; 
and thus by the continual addition of 1, all numbers 
are generated. 

2. The value of any number depends not on the 
figure or figures alone, but upon the figures and 
places where they ftand, jointly. And the order of 
places is backward from the right hand towards the 
left. The firft place is called the place of units ; 
the fecond, tens*, the third, hundreds*, the fourth, 
thoufands *, the fifth, ten thoufands*, the fixth, hun¬ 
dred thoufands; the leventh, millions*, and fo on. 
Thus in the number 765487654; 4 in the firft place 
fignifies only 4*, 5 in the fecond place fignifies five 
tens or fifty *, 6 in the 3d place fignifies fix hundred; 
7 in the 4th place is feven thoufand *, 8 in the 5th 
place is eighty thoufand*, 4 in the 6th place is four 
hundred thoufand; 5 in the 7th place is five millions; 
and fo on. 

3. A cypher, though of no value by itfelf, yet it 
occupies a place, and advances the figures on the left 
hand into higher places, from whence they have a 
greater value. Thus 3 fignifies only 3, but 30 fig¬ 
nifies 3 tens or thirty, and 300 fignifies 3 hundred. 

4. The values of all figures increafe in a tenfold 
proportion from the right hand towards the left, each 
following place being ten times greater than the fore¬ 
going. Thus in the number 33333333; 3 in ^1C 
firft place is three; in the fecond, 30 thirty; in the 

third, 

/ 



NOTATION. 5 
third, 300 three hundred; in the fourth, 3000 three 
thoufand; in the fifth, 30000 thirty thoufand, &c. 
And thus 1 fignifies one, 10 fignifies ten, loofigni- 
fies a hundred, 1000 fignifies a thoufand, and fo on; 
and in general, ten units make 1 ten, ten tens make 
1 hundred, ten hundred make 1 thoufand, &c. 

5. Hence, placing r, 2, 3, &c. cyphers on the 
right hand of any number, makes it ten, a hundred, 
a thoufand times, &V. greater than before. But pla¬ 
cing cyphers on the left hand does not alter the va¬ 
lue, becaufe every figure remains in the fame place 
as before. 

This method of exprefling numbers, by the dif¬ 
ferent values of the figures in different places, is an 
admirable invention ; without which it had been ne- 
ceffary to have as many different charadters, as there 
are numbers to be expreffed ; which would have been 
impoffible. 

AXIOMS. 

1. If two numbers are equal to a third, they are 
equal to one another. 

2. If equal numbers be added to equal numbers, 
the wholes will be equal. 

3. If from equal numbers the fame or equal num¬ 
bers be taken away, the remainders will be equal. 

1 4. Thofe numbers are equal, which are the fame 
multiple of equal numbers. 

5. Thofe numbers are equal, which are the fame 
part of equal numbers. 

6. The fame powers, or the fame roots of equal 
numbers, are equal. 

7. Unity or 1 neither multiplies nor divides; that 
is, the produdt or quotient is ftill the fame number. 

8. If a number be compofed of two numbers, 
multiplied together; either of them meafures it by 
the other. 

9. If a* number meafures feveral other numbers; 
it 



6 'AXIOMS. 
it likewife meafures the fum (or difference) of thefe 
numbers. 

io. If a number meafures another; it alfo mea¬ 
fures every number which that other meafures. 

n. If a number meafures the whole, and a part 
taken away; it alfo meafures the refidue. 

‘The Signification of other Characters here ufed. 

Characters. 

+ 
Signification. 

X 

A* 

A3 
An 

✓ 

more, and, to he added, being an affir¬ 
mative fign. Thus 7 + 3 fignifies 3 add¬ 
ed to 7; and A + B denotes the fum 
of A and B. 

lefs, leffened by, abating, being a nega¬ 
tive fign. Thus 7 — 3 means 3 taken 
out of 7, and A — B denotes the re¬ 
mainder, when B is fubtracted from A. 

multiplied by, as 7X3 fignifies 7 times 
3; alfo AxB or AB, is the product 
of A and B multiplied together. Where 
note, if letters ftand to denote numbers, 
they are commonly fet together, like 
letters in a.word. 

divided by, thus 6 + 3 fignifies 6 divi¬ 
ded by 3 ; alfo 3) 6 ( fignifies 6 divided 
by 3 ; alfo fignifies 6 divided by 3 ; 
and in general A+ B, orB)A(, or 

g-, is the quotient of A divided by B.. 

the fquare of A, that is, AA. 
the cube of A, that is, AAA. 
the nth power of A, the index n being 

any number. 

the fquare root, thus \ 6 is the fquare 
root of 16, and yA is the fquare root 
of A . 

the 



7 CHARACTERS. 
Characters. Signification. 

3 3 
.the cube root, as V 8 is the cube root of 

3 /. 
8, and V A is the cube root of A. 

= equal to, as 7-{-3 = 10, 7 and 3 equal. 
to 10. 

• * ^ note of proportion, thus 2:31:4:6, 
lignifies 2 is to 3, as 4 to 6; and 

A : B : : a: b, A is to B, as a to b, 
fometimes written thus, A—B—- a—b. - 

4r continual proportionals, A : B : C : D 
A, B, C, D are in continual propor- 

_ tion. 

A+B+C the fum of A, B, and C *, a line drawn 
over feveral numbers, denotes the fum 
of them. 

B 4 BOOK 
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BOOK I. 

The Practice of Arithmetic. 

CHAP: I. 

*lhe fundamental Rules of common or vulgar 
Arithmetic. 

PROBLEM I. 

To read or exprefs any Number written. 

THIS is called Numeration, and is ealily per¬ 
formed by help of the following table, which 

fhews the names of the feveral places, and confe- 
quently of the figures Handing there, as explained 
before in the Notation. 

NUMERATION TABLE. 
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9 Chap. I. NUMERATION. 

RULE. 

1. Begin at the units place, and divide, or rather 
diftinguifh your number into periods of 6 figures a- 
piece, called grand periods, or double periods. The 
firft period to the right is units, the fecond millions, 
the ‘third bi-millions, the fourth tri-millions, the 
5th, 6th, &c* quadri-millions, quinti-millions, 
fexti-millions, fepti millions, odi-millions, noni- 
millions, deci-miilions, &c. 

2. Likewife diftinguifh thefe grand periods into 
two parts, called Jingle periods of three figures a - 
piece ; in thefe write (or fuppofe to be written) units 
over the firft place, tens over the fecond place, and 
hundreds over the third place. 

3. Begin to read at the left hand, exprefiing 
hundreds, tens, units, as you come to the refpedive 
places where thefe figures are; and at the end of 
each fingle period (on the left hand) always pro¬ 
nounce thousands ; and at the end of the grand pe¬ 
riod, exprefs its title or furname belonging to it; pro¬ 
ceeding thus to thetright hand where the number 
ends. * 

Ex. 1.' 

Read the number 50765. 
t u h f u 

5° 765 
Having diftinguifhed the number into periods, 

and written u over units, t over tens, :h over hun¬ 
dreds, it will be read thus: fifty thoufand, feven 
hundred and fixty-five. 

Ex. 2. 

To read 43s76543876543- 
tu htu h tu 

43 876 543 876543 • • » 
Forty three bi-millions, eight hundred and feventy 
fix thoufand, five hundred and forty three millions, 
eight hundred and feventy fix thoufand, five hundred 
and forty three. 



Book I. jo ADDITION, 
Ex. 3. 

Read this number 2418579643219004613254768096. 

htu htu htu htu htu 

2418 579643 2I9OO4613254768096 
‘ * * ' * N 

Two thoufand, four hundred and eighteen quadri-millions ,• 
Five hundred feventy nine thoufand, fix hundred forty three tri-millions j 
Two hundred nineteen thoufand, and tour bi-miilions $ 
Six hundred thirteen thoufand, two hundred fifty four millions $ 
Seven hundred fixty eight thoufand, and ninety fix, 

PROBLEM II. 

*T0 add whole numbers together. 

Addition is the rule by which ieveral numbers are 
put together, in order to find the fum of them all. 

RULE. 

1. Place all the numbers fo, that units may Hand 
under units, tens under tens, hundreds under hun¬ 
dreds, iSc* and draw a line underneath. 

2. Begin at the unit's place, and reckon up all the 
figures in that place from the bottom to the top, 
and what overplus there is above even tens, fet 
down, and carry fo many to the next row as there 
were tens. 

3. Reckon up all the figures in the place of tens, 
together with what you carried, and fet down the 
overplus, carrying the tens to the next row; and fo 
proceed to the lait. 

4. If you don’t choofe to reckon forward, you 
may make a prick when you have reckoned to ten 
or more, carrying on the overplus; and then add 
fo many to the next row as you h^ve pricks. 

Ex. 1. 

Let thefe numbers be added together: * 
9482 

590 
3°7 

_^ 

10464 

—~ . Beginning 
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Beginning at 5, fay the fum of 5 and 7 is 12 and 
2 is 14, fet down 4 and carry 1. The fum of 1 and 
.8 is 9 and 9 is 18 and 8 is 2 6, fet down 6 and carry 
2. Then 2 and 3 is 5 and 5 is 10 and 4 is 14, fet 
down 4 and carry 1, Laftly, i and 9 is 10, which 
being the lad, fet it down. 

The reafon of carrying the tens to the next place 
is plain *, for the fum of 5, 7 and 2 being 14, the 
4 belongs to the units/and the 1 to the tens. Again, 
the fum of 1, 8, 9 and 8 being 26, which are tens, 
the 6 belongs to the tens, and the 2 to the next fu- 
perior place, which is hundreds. Then the fum of 2, 
3, 5 and 4 being 14, viz. 14 hundreds, the 4 be¬ 
longs to that place, and the 1 to the place above, 
which is thoufands. Laftly, the fum of 1 and 9 is 10, 
that is iothoufand, that is o in the place of thou¬ 
fands, and 1 in the place of ten thoufands. In Ihort, 

thus : . 
The fum of the row of units 14 
The fum of the row of tens 2,50 
The fum of the row of hundreds 1200 
The fum of the row of thoufands 9000 

total 10464 

Ex. 2. 

Add thefe numbers together. 

35°7°9 
31806500 

339087 
46011 

, 2935 ' 

fum 32545242 

The proof of Addition is this: begin at the top, 
and add all the numbers downwards, by the fame 
rule as you added them upwards before j then if the 
tpt^l fums agree, the work is right. 

P R O B- 



12 Book L ADDITION. 

PROBLEM III. 

To add numbers cf feveral denominations together, 
t * f * 

RULE. 

1. Place the numbers fo, that thofe of the fame 
denomination may Hand diredtly under one another, 
then draw a line under them. 

2. Begin at the loweft denomination firft, and 
reckon upwards till you get as many as makes one 
of the next denomination above •, then make a prick, 
and carry the overplus, or excefs, to the next figures j 
and fo reckon forward, always pricking when you 
have as many as makes one of the next denomina¬ 
tion. Proceed thus till that denomination is finifhed, 
and fet down the overplus at bottom. 

3. Reckon your pricks in the denomination you 
have finifhed, and carry fo many, to be added to 
the next denomination, which muft be added up by 
the fame rule ; and fo of the reft. In the laft deno¬ 
mination, add them up as whole numbers. 

Ex. 1. Money. 

Add thefe fums of money together. 

f * s. 

57 6 8- 

127 14* o 
o 9' 6jf 

17 0 3l 

fum 202 10 64 

Notey 4 farthings make 1 penny, 12 pence 1 
fhilling, 20 fhillings 1 pound. 
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Ex. 2. Trey Weight. 

oz. pwts. grs> 
207 • *3 l9- 

81 0 11 

*57 !5- 6* 

31 9 20 

total 477 19 ' 8 

Note. In Troy weight, 24 grains make a penny¬ 
weight, 20 penny-weights an ounce, 11 ounces a 
pound. 

3. Apothecary's Weight 

oz.- drs. fcr. grs. 

J5 T 2* 15’ 
3 4* O 12 
0 0 I 18* 
1 5 I* 3 

total 21 2 O 8 

Note, In Apothecary’s weight, 20 grains make a 
fcruple (9), 3 fcruples a dram (3), 8 drams an 
ounce ( §), 12 ounces a pound (lb). 

. • v . . * \ 

Ex. 4. Averdupoize lejfer weight, 

oz. dr. 

*5 11* 12* 

4 10 0 
12 0 13* 
0 *5’ 9 

total 33 6 

16 drams make an ounce, 16 ounces a pound. 

/’, ^ ' Ex, 

1 



i+ ADDITION. Book I. 
Ex. 5. Averdupoize greater weight. 

tuns bunds. lb. 

57° 18 * \ 6 II- 

38 r 2* O 
92 O 6 3 
12 0 10 

total 714 I 7 10 

Note, 14 pounds make a ftone, 8 Hone 1 hundred 
weight, 20 hundred weight 1 tun. 

Ex. 6, Long Meafure, 

yds. feet inch. 

37 2* ii* 

7 O 8 
8 I 10* 

4 2* 5 

total 58 1 5 

Note, 3 barley-corns make an inch, 12 inches a 
foot, 3 feet a yard; alfo 54 yards make a pole, 22 
yards a chain, 10 chains a furlong, 8 furlongs a 
mile. 

Liquid Meafure. 

2 pints make a quart, 2 quarts a pottle, 2 pottles 
a gallon, 84- gallons a firkin or anker, 6 firkins a 
hogfhead of ale, 63 gallons a hogfhead of wine. 

Dry Meafure. 

2 pints make a quart, 2 quarts a pottle, 2 pottles 
a gallon, 2 gallons a peck, 4 pecks a bufhel, 8 
bnfhels a quarter, 4 quarters a chaldron, 10 quarters 
a laft. 

Scholium. 

' If a long lift of numbers is to be added up, di~ 
r' vids 
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vide it into feveral parcels, and add them feparately ; 
and then add all thefe parcels together. 

The proof of this rule is the fame as the laft ; 
only in reckoning downward, make croffes inftead 
of pricks, to avoid confufion. 

PROBLEM IY. 
Y0 fubtraCl one whole number from another. 

Subtraction is the taking one number from another, 
to find their difference. 

RULE. 
1. Place the greater number uppermoft, and the 

other under it, fo as units may be under units, 
tens under tens, &c. and draw a line under them. 

2. Begin at the right hand or place of units, and 
fubtrad the lower figure from the upper, and fee 
down the difference underneath them * do the fame 
with the reft of the figures. 

3. When the lower figure is greater, borrow 10, 
and add it to the upper number, from which fub- 
trad the lower, and let down the remainder; carry 
1 to be added to the next lower figure, and fubtrad 
the fum from the upper, and fet down the remainder 5 
and fo on from one row to another. 

Ex. 1. 

£• 
from 270481467 
take 31065363 

rem. 239416104 

The reafon of this operation is plain, only when 
the lower number is.lefs, 10 is added to the upper 
number, as here, 5 is lefs than 1, therefore 1 is bor¬ 
rowed from 8 to make 11, then 5 from 11 remains 
6 j then the next figure 6 ought in reality to be taken 

3 from . 
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from 7, inftead of 8 ; but the difference will be the 
fame, whether you take 6 from 7, or add the 1 bor¬ 
rowed to 6, and take the fum 7 out of 8, in either 
cafe 1 remains. 

Ex. 2. 

from 30076058972 
take 17078032863 

- - - 

rem. 12998026109 

Ex. 3. 

One born in 16S2, how old is he in 1763 ? 
!763 
1682 

81 anfwer. 

The proof of Subtraction is to add the remainder 
to the leffer number, which ought to make up the 
greater, if the work be right. 

/ 

PROBLEM V. 

To fubtraEl numbers of different denominations. 

R U L E. 

1. Place the numbers, fo that the greater may be 
up per moll, and that thole of the fame denomina¬ 
tion may (land dire&Iy under one another, and draw 
a line under them. 

2. Begin at the lowed: denomination, and take the 
lower number from the upper one, and fet down the 
difference, or remainder, underneath. Do the fame 
with the next denomination, and fo on till the laft, 
which muff be liibtraCted as whole numbers. 

3. When the lower number in any denomination 
happens to be the greater, borrow 1, that is, add as 

many 
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many to the upper number as makes one of the next 
higher denomination, and then fubtradl the lower 
number, and fet down the remainder. Then carry I, 
and add it to the lower number of the next denomi¬ 
nation, and then fubtradl as before. 

Ex. i. Money. 

£■ 5. 
. V, 

from 24 ( 9 H 
j ... take 82 6 3 

rem. 159 
*» 

3 3r 

* 
Ex 2. Monty. 

from 3794 
1 

O 
'»• 1 

3\ 
take 129 5 

rem. 3664 14 4t 

Ex. 3 . Troy W'light. 

• * 

ib. 
\ 

cz. pwts. grE 
from *9 12 15 18 
take 11 J7 1 

rerrr. 6 0 18 11 

PRO 3 L E M VI. 

To multiply one whole number by another, 

Multiplication is taking the multiplicand, or num¬ 
ber to be multiplied, fo many times as there are 
units in the multiplier \ and the refult is called the 
product. Multiplication is a compendious method 
of addition, and is performed by help of the follow¬ 
ing table, which mud be got by heart. 

1 . C Mul- 
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Multiplication Table. 

I 2 3 4 5 6 7 8 9 

1 4 - 6 • 8 IQ 
1. 

12 14 16 18 

3 6 9 12 *5 l8 21 24' 2 7 

4, 8 12 16 
1 

20 24 28 32 36 

5 10 15 20 25 ■ 3° 35 *40 ; 45 

6 12 18 24. 30 3 6 42 48 54 

7 14 21 28 35 42 49 56 63 

8 16 24 32 40 48 56 64 72 

9 18 27 36 45 54 ■ 63 72; 81 

\ 

The life of the table is this: Bnd one figure on 
* the fide of the table, and the other at top *, then in 

the angle of meeting is their produdt. Thus the pro- 
du<5t of 5 and 7 is 35 j and the produdt of 9 times 8 
is 72. 

I. A GENERAL RULE. 

1. Place the multiplier under the multiplicand, 
the units under units, <^<?«nd draw a line under 
them. 

2. You mud multiply from the right hand to the 
left, thus : begin with the units or lowed figure of 
the multiplier, by which multiply the lowed figure 
of the multiplicand, and fet down the overplus above 
the tens, and carry the tens. Then multiply the 2d 
figure of the multiplicand by the fame, adding fo 
many units, as you had tens to carry ; and fet down 
the overplus, and carry the tens as before. Do thus 

' * • tilt- 
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till you come to the laft figure, whofe product muft 
be let down entire. 

3. Then take the fecond figure of the multiplier, 
and multiply by this as you did before •, fetting the 
firft figure of the product under the figure you mul¬ 
tiply with; do lb with the reft of the figures in the 
multiplier; fetting the firft figure of each product 
under, or in the fame place as the figure you multi¬ 
ply by. Or, which is the fame thing, fetting each 
product fo many places back towards the left hand, 
as the multiplying figure is diftant from the firft 
figure. 

4. Laftfy, add all thefe products together, for the 
produdt of the two numbers given. 

Note, you may eafily multiply by 12 in one line, 
as if it was a fingle figure, if you get by heart all 
the products of all the natural numbers by 12, as 
far as 9* Ex. 1. 

multiply 60735 
by 7 

— 1 

product 425145 

Explanation. 
7 times 5 is 35; fet down 5 and carry 3. 7 times 

3 is 2 i and 3 I carry is 24; let down 4 and carry 2. 
7 times 7 is 49 and 2 carried is 51; fet down 1 and 
carry 5. 7 times o is o but 5 is 5 > let down 5 and 
carry o. 7 times 6 is 42, which fet down. 

Ex. ft. ' 
multiply 2760325 

by_37072 

-5520650 
19322275 

19322275° 
8280975 

product 102330768400 

C 2 
1 

Demon- 
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Demonjlration of the rule. 

In Ex. I. 7 multiplying 5 produces 35, the 5 will 
fall in the place of Units, and the 3 belongs to the 
tens. Then 7 multiplying 3 in the 2d place, or place 
of tens, produces 21, of which 1 belongs to the 
tens, to which the 3 carried being alfo tens, muft be 
added, whichFfnakes 4 tens; and the 2 belongs to 
the 3d plife, or hundreds. Then 7 multiplying 7 in 
the third place, makes 49, the 9 belongs to the 3d 
place, to which add the 2, which alio belongs to 
the 3d place, the fum is 51 *, 1 belongs to the third 
plage and 5 to the 4th place. Then % times o is o, 
(in the 4th place) but 5 is 5. Laftly, 7times 6 is 42, 
the 2 belongs to the 5th place, and 4 to the 6th. 
Thefe particular products will Hand thus: 

6o735 
7 

.— 

35 
. 21. 

' 49 
o • • • 

__ 42 . •«« 
t,- - —■ ... 

425145 

And in Ex. 2. 2 multiplying 5 produces 10, the 
o is in the place of units, and io ort. Again, 7 mul¬ 
tiplying 5 makes 35, the 5 is in the 2d place, be- 
caufe the multiplier is really 70. Again, 7 in the 
4th place multiplying 5 makes 35, and the 5 will 
be in the 4th place, becaufe you really multiply by 
7000, and fo for all the reft. 

* • 

Ex* 

1 
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Ex. 3. 

If 1 bogfhead cofl 13 found, what -will 18 cojl ? 
*8 ;V"-' ■ • 

104 

I3 

anfw. 234 pounds. 

2 RULE. 
When one or both the numbers end with cyphers, 

negled the cyphers and multiply the remaining 
Egures as before; and to the produd, annex the 
cyphers that are in both numbers, 

Ex. 4. 
multiply 507300 

by 4020 

10146 
20292 

produd 2039346000 

3 RULE. 
When any number is to be multiplied by 

10, 100, 1000, fcfr. annex fo many cyphers at the 
end of the number, as there are in the multiplier. 

Ex. 5. 
Multiply 23079 by ioo, the produd is 2307900. 

. , li t j a*- * ““ 

4 RULE. 
In large multiplications, make a table of the muL 

tiplicand multiplied by all the 9 digits. Then you 
have no more to do, but to take out the refpeftive 
produd for each figure of the multiplier, and add 
them all together, 

’ C 3 ■ Ex. 
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TABLE. Ex. 6. 

multiply 70560768 

by 5°431 

, 70500768 
211502304 

282003072 

35250384° 

product 355542423ioo8 

The proof of Multiplication, is by making the 
multiplicand to be the multiplier; then if the pro- 
dud comes out the fame as before, your work is 

right. f V *' 
That two numbers will give the fame produd, 

whichever is the multiplier, will appear thus: fup- 
pofe the numbers 4 and 36. Then 36 times 1 is the 
fame with once 36-, and therefore 36 times 
1 4.1 4-1 + 1, or 36 times 4 is the fame with 4 times 
36 *, and fo of others.^ 

Scholium. 

There is a way of proving multiplication by call¬ 
ing away the nine$,which though not infallible, ferves 
to confirm the other, and is very expeditious. It is 
thus, fee Ex. 4. make a crofs, and 
add all the figures or digits of the 
multiplicand together, as units, thus 
^4.74.3 — 1 ^ throw away the 
nines, and fet the remainder 6 on one 
fide of the crofs. Do the fame with 
the multiplier 4+2 = 6, fet the remainder on the 
other fide of the crofs. Do the like with the 
produd, and fet the remainder at top. Laftly, 

multi- 

I 70500768 
2 141001536 

3 211502304 

4 282003072 

5 35250384° 
6 423004608 

7 4935°5376 
8 564OO6144 

9 163450691a 
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multiply the figures on the 
fides, and throw away the 
nines, and fet the remain¬ 
der at bottom, which mull 
be the fame with the top, 
if the work is right. 

PROBLEM VII. 

To multiply numbers of different denominations, by 
a given number. 

i RULE. 
If the multiplier be a fingle figure ; begin at the 

loweft denomination, and multiply it by the given 
number, and fee how many of the next denomi¬ 
nation is contained in the produdt; fet down the 
odds, and carry fo many to the next. Then mul¬ 
tiply the next denomination, adding what you 
carried \ and fet down the odds. Proceed thus till 
all be multiplied. 

This method is rather reckoning than multi¬ 
plying. Ex. i. Money. 

jC* 
multiply 49 13 10 

by '. 7 

product 347 16 IO 

Ex. 2. Weight. 
c. Jl. IK 

multiply II 2 
by \ 6 

produft 0
's 

OO
 

1 
4 

H
H

 

f 

8 

2 RULE. 

If the multiplier. be a great number made up 
of feveral others multiplied together. Multiply 
fucceilively by the parts, inftead of the whole. 

v C 4 Ex. 
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Ex. 3. 

fnukipjy 
£■ ' 

127 
s. 

*3 

d. 

9 by 45 
5 

V 

638 8 9 
9 

product 5745 18 9 

3 RULE. 
If the multiplier is not compofed of others; 

find two or more numbers, whole product comes 
peareft: then multiply as before, and add what is 
wanting, or fubtrad what is over. 

Ex. 4. 
s* d. 

multiply 7 12 10 hy 47. 
6 

r 
en
 r

 

d
 1 1 

O 
8 

fubtrad 
366 

7 

16 
12 

0 

\o 

:>rodud 359 3 
■j 

2 

PROBLEM VIII. 
¥0 divide one whole number by another. 

f * 1 

Eivifion teaches to find how often one number, 
called the divifor, is contained in another, called the 
dividend. Or it fhews how to find fuch a part of the 
dividend as the divifor exprefies. The number here 
fought is called the quotient. 
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I. A GENERAL RULE. 

1. Set down the dividend, and the divifor on the 
. Jeft hand of it,within a crooked line •, alfo make ano¬ 

ther crooked line on the right hand, for the quotient. 
2. Enquire how oft the firft figure of the divifor 

is contained in the firft figure of the dividend, or 
in the two firft figures, when that pf the divifor is 
greater ; and place the anfwer in the quotient. 

3. Multiply the whole divifor by the quotient 
figure, and fet the produd orderly under the divi¬ 
dend towards the left hand, ^nd fubtrad it there¬ 
from. But note* if this produd be greater than that 
part of the dividend j a lefs figure muft be placed in 
)the quotient. - 

# 4* Make a prick under the next figure of the di¬ 
vidend to markrit, and bring it down, annexing it 
to the remainder; then this number is called the 
dividual. ' .... 

£. Seek how oft the divifor is contained in the 
dividual, and fet the anfwer in the quotient; then 
multiply and fubtrad as before; and proceed thus 
till all the figures in the dividend are brought down 
pne by one. And note, for every figure brought 
down, a figure (or 3. cypher) muft be placed in the 
quotient. 

Note, fince there is a necefilty of trial, to find out 
the true quotient figure ; therefore, before it be fet 
down, multiply 2 or 3 figures of the divifor on the 
left hand, by that figure in mind, to fee if it exceed 
the dividual. 

Ex, 1. 
Divide 1412 2 by 46. 

46) 14122 (30y the quotient. 
138* • 

322 
322 

Expla- 



z6 DIVISION. Book I. 

Explanation. 

Firft I afk how oft 4 in 1, which is no times at 
all: then how oft 4 in 14, which is 3 times; then 
I place 3 in the quotient, and then multiply 46 by 
3, and fet the produdt 138 under 141, and fubtradt- 
ing there remains 3. Then I prick the 2 and bring 
it down to 3, which then is 32 for a dividual; then 
enquiring how oft 4 in 3, the anfwer is o, which I 
place in the quotient. Then I prick, and bring 
down the next figure 2, and the dividual is now 
322, then I afk how oft 4 in 32, the anfwer would 
be 8 ; but then 46 multiplied by 8 would exceed 
322, therefore I place 7 in the quotient, by which I 
multiply 46, and the product is 322 ; and that fub- 
tradted from 132, leaves nothing. Then 307 is the 
quotient. 

• Ex. 2. 

Divide 18972584 by 6023. 

6023) 18972584 (3150 the quotient. 
18069 • * • 

30128 

3°ii5 

*34 the remainder, 

Demonjlration of the rule. 

In Ex. 1. fince 46 is contained 3 times in 141, 
therefore it is contained 300 times in 14122 ; that 
is, 3 mull be in the third place. 

Alfo fince 46 is contained 7 times in the remain¬ 
der 322 ; therefore 46 is contained in the whole di¬ 
vidend 307 times. 

' / v?1 * 1 

v, 1 / • And 

9°35 
6023 

1 
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And in Ex. 2. fince 6023 *s contained 3 times in 
18972 ; it is contained 3000 times in 18972584; 
and 100 times in the remainder 903584, and 50 
times in the next remainder 301284; and o times 
in the lafl remainder 134. Therefore the divifor is 
contained in the whole dividend, 3150 times. 

2 RULE. 
• ... * v 

When the divifor ends with cyphers, cut them 
off, and likewife cut off as many places of the di¬ 
vidend on the right hand; and perform the divilion 
by the remaining figures. And when the divifion 
is finifhed, annex the figures cut off to the re- 

mainder- , Ex. 3. 

Divide 745678 by 30400s 

304)00) 7456)78 (24 quotient. 
608 • - 

1376 

1216 

16078 remainder/ 

3 RULE. 
To divide by io, 100, 1000, cut off from 

the dividend fo many places as the divifor has cy¬ 
phers ; and that will be the quotient; and the fi¬ 
gures cut off the remainder. 

Ex. 4. 

Divide 78607 by 10of 

The quotient is 786, and 07 remaining. 

4 RUL E. 

When you have a large dividend, and your di¬ 
vifor is often repeated ; make a table of all the pro- 

duds 
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duds of the divifor and the nine digits; which is 
done by continually adding the divifor. By this 
table divifion may be wrought by infpedicn, only 
by the help of addition and lubtra&ion. For you 
have no more to do, but only to take out of the 
table the number always the next lefs than each di¬ 
vidual, and the quotient figure along with it; which 
numbers are to be*continUally fubtracled from thefe 
dividuals, as in the general rule, f 
do va! ,vh;r»i . < > j .a. 

: l Ex. 5.. 
Divide 40377982057 by 35016, 

#r» - . > . ; . .. j . .' 
1 AB LE. 

I 35OIt) 
2 70032 

3 IO5O48 
4 I4OO64 

5 175080 
6 210196 

7 245II2 
8 280128 

9 
10 350160 

35016)40377982057(1153129, 
■ 35016••••'> 

53619 
35°l6 

%...* 

J86038 
I75O8O 

10958a 
IO5O48 

r* 

45340 
35016 

103245 
70032 

332l37 
3l5l'44 

16993 remains. 
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5 RULE. 

When you are to divide by a fingle figure, you 
need not fet down the operation at large, but per¬ 
form it in mind; the fame may be done with 12. 

Ex. 6: 
7)30721 

4388 quotient. 
5 rem. 

0 1 ■* > 

Thus 30721 divided by 7, the quotient is 4388, 
and 5 remaining. 

Divifion is proved by multiplying the divifor and 
quotient together, and adding the remainder, when 
there is any; which muft be equal to the dividend, 
when the work is right. 

Or it may be proved by calling away nines, as in 
multiplication. Call away the nines in the 
divifor and quotient, and fet the remainders 
on the fides of the crofs. Do the fame with 
the dividend, and fet the remainder at top. 
Multiply the figures on the fides, throw away the 
nines, and fet the remainder at bottom, which mull 
be equal to the top. See Ex. 1. Note, if there be a 
remainder, it muft be added to the produdl, on the 
fides of the crofs, and the nines thrown out as before. 

PROBLEM IX. 

Ttf divide a number of different denominations by a 
given number* 

1 R U L E. 

If the divifor be a fingle figure, begin at the 
higheft denomination, which divide by the given 
divifor, and fet the anfwer in the quotient, and to 
be of the fame denomination; what remains muft 

be 
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be multiplied by the number of parts in the next in¬ 
ferior denomination, and added to the giveo number 
of that denomination, and then divide as before. 
Proceed thus through all the denominations. 

Ex. i. 

d. 
Divide 58 10 3 into 7 parts, what is 1 part? 

$• d. s» d. 
7)58 10 3(8 7 2. 

2=40 
1 ,___ 

» 

7) 5° (7 
49 

1 = 12 

7) 15 (2 
14 

I 

Explanation. 

Say how oft 7 in 58, 8 times ; which fet in the 
quotient, then 8 times 7 is 56, which fubtradted 
from 58, leaves 2. But 2 pounds are 40 {hillings, 
to which add 10, the fum is 50. Then fay how oft 
is 7 in 50, anfwer 7 times, which fet in the quo¬ 
tient for {hillings; then 7 times 7 is 49, which taken 
from 50 leaves 1 Ihilling, or 12 pence, to which 
add 3, the fum, is 15. Then fay how oft 7 in 15, 
the anfwer is 2, which fet in the quotient for pence, 
then 2 times 7 is 14, which taken from 15, 1 re¬ 
mains.. So the anfwer is 8/. js. 2d.; and 1 penny 
remaining. 

Ex? 
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2‘ C. ft. lb. 
What is the 6th part of 72 6 11 ? 
c. ftlb. c. ft. lb. 

6)72 6 11(12 o 15 the quotient, 

72 

7) 6 (o 
o 

6 — 84 

3^ 

6) 95 
90 

5 remains. 

2 RULE, 
If the divifor be a great number made up of fe- 

veral others by multiplication. Divide fucceflively 
by the parts, inftead of the whole. 

Ex. 3. 
ft' d. 

Divide 320 12 8 by etc', 
s. d. 7) £. s. d. 
12 8(64 2 6~ (9 3 24. quotient, 

63 

£ 
5) 320 

32° 

5) 

o 

12 
10 

1=20 

7) 22 (3 
21 

2 = 24 1 = 12 

5) 32 
3° 

2=8 

7) 18 (2 

4=l6 

5) 8 a 
5 

7) 17 (2 
14 

3 rem. 3 rem. 
PROf 
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PROBLEM X. 
*To extrati the failure root. 

I. A GENERAL RULE. 
1. Begin at the units place, and point every other 

figure on the top, dividing it into feverai periods. 
2. Find the greateft fquare that is contained in 

the firft period, towards the left hand. Set the root 
in the quotient, and fubtrad the fquare from the 
figures of that period. 

3. To the remainder bring down the two figures 
under the next point, for a refolvend. This is always 
to be repeated. 

4. Double the quotient for a divifor, and fee how 
oft it is contained in the refolvend (excepting the laft 
figure); and fet the anfwer in the quotient, and alfo 
after the divifor. This muft always be repeated • 
for a new divifor muft be found for every figure. 

5. Then multiply this whole divifor by that quo¬ 
tient figure, and fubtrad the produd from the whole 
refolvend; but if that produd be greater, a lefs 
figure muft be placed in the quotient. Proceed thus 
till all the figures or periods be brought down. 

6. Note, inftead of doubling the quotient every 
time for a divifor, you may always add the laft 
quotient figure to the laft divifor, for a new divifor 5 
and proceed as before. 

Ex. 1. 
Extrad the fquare root of 393129. 

393129 (627 the root. 

36 • 

122) 331 
-f*2 244 

1247) 8729 

8729 
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Explanation. 

The neareft fquare to 39 the firft pointing, is 36, 
whofe root 6 I place in the quotient •, and fubtrad 
the fquare 36 from 39, the remainder is 3* 

Then I bring down 31, the next point, and annex 
it to 3, and the refolvend is 331. Then I double 
the quotient for a divifor, which is 12 ; and I feek 
how oft 12 in 33, the anfwer is 2, which I place in 
the quotient, and alfo after 12 ; then the divifor be¬ 
comes 122 * and 122 multiplied by 2 produces 244, 
which I fubtradfrom 331, the remainder is 87. 

Laftly, I bring down 29, the next point, and the 
refolvend is 8729. Then I either double the quo* 
tient 62, which is 124; or I add the quotient figure 
2 to 122, the lafi: divifor, Which is 124 ; and this is 
a new divifor* Then I aflc how oft 124 in 872, the 
anfwer is 7 times. Then I multiply 1247 by 7, 
and fubtrad the produd 8729 from 8729, and there 
remains o. So the root is exadly 627. 

Ex, 2. 

Extrad the root of 733120000. 
• • • • • 

» 

733120000 (27076 the root. 
4 • • • 

47) 333 
+ 7 329 

*2 / 

5407) 4120a 

+7 37849 

54146) 33510a 
324876 

10224 rem. 

D Ex. 
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Ex. 3. 
What is the root of 3272869681 ? 

3272869681 (57209 root. 

25 
• • • 

107) 772 

7 749 

1142) 2386 

2 2284 

114409)1029681 
1029681 

2 R U L E. „ 

When more than half the figures of the root are 
found •, all the reft will be found as truly by plain 
divifion ; as is fhewn more at large in the extraction 
of the roots of decimal fractions. But if common 
divifion be ufed, you muft bring down as many fi¬ 
gures, as there were periods to comedown, when 
you began with divifion. 

Ex. 
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Ex. 4. 

Let 14876008357020684 be given. 
• • • • • 

14876008357020684 (121967243 

22) 48 
+ 2 44 

241) 476 
+1 241 

2429)23500 
+9 21861 

24386)163983 
-J-6 146316 

divifor 24392) 176675 
170744 

59317 
48784 

»105330 
97568 

- IUL 7 

77622 

73176 

4446 

V 

The proof is, to multiply the root by itfelf, and add 
the remainder; which mull; be equal to the number 
given to be extracted, if the work be right. 

D 2 PRO- 
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PROBLEM XI. 

To extraH the cube root. 

rule; 
i 

1. Begin at the units place, and point every third 
figure ; that is, the ift, 4th, 7th, &c, miffing two 
places. 

2. Find the neareft lefs root of the figures of the 
firft pundlation on the left hand, fubtraCt its cube 
from the number given ; to the remainder annex the 
next figure, for the refolvend. 

3. Take 4 of the refolvend for a dividend. 
4. And for a divifor, take the fquare of the root, 

added to half the root, (or rather added to the pro¬ 
duct of the root, and the next quotient figure, leav¬ 
ing out the laft figure of the product). 

5. Divide the faid dividend by that divifor, the 
quotient is the fecond figure of the root. 

6. Begin the operation anew, viz, cube the two 
figures of the root, and fubtraCt the cube from the 
given number, annexing another figure, for the re¬ 
folvend. 

7. Take the third part of the refolvend for a divi¬ 
dend, and the fquare of the root added to half the 
•root (or rather added to the product of the root, and 
next quotient figure, ftriking off the laft figure of 
the product) for a divifor. 

8. This divifion gives another figure of the root, 
but the divifion is to be continued on to two figures, 
by the contraction in divifion of decimals, or other- 
wife. 

9! Repeating the operation with 4 figures in the 
root, you will get 4 more by a new divifion, which 
gives 8 figures in the root; and from 8 to 16, &c. 
always double. 

... : to. Note, 
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. IO* w^en the cube exceeds the number 

given a Jefs figure muft be writ in the quotient. 
And obferve every divifion gives one figure, and the 
relt are round by continuing the divifion, and drop- 
ping a figure or the divifor every time. 

Ex. r, 
Extradt the cube root of 7892485271*' 

789248527 1 (19 = 1 root 
1 

3) 68 refolvend 
divifor 1) 22 (o 

+1 is 

true divifor 2 4 

78924 ( 

6859 

3) 10334 refolvend 
divifor 361) 3445 (91 

+17 3402 

*9 
_V9 

171 

*9 

361 

]9 

3249 

361 

6859 

true divifor 378) 43 hence the root is 1991. 

Then 1991 cubed is 7892485271, and therefore 
1991 is exadtly the root required. 

Explanation. 
1 being the greatefl cube contained in 7, the firft 

point; fubtradt r there remains 6, to which annex 8, 
and the refolvend is 68, the third part is 22 for a di¬ 
vidend. Then r the fquare' of the root being a di¬ 
vifor, fay how oft 1 in 22, the quotient would give 
more than ro, but fince we can have no figure above 
9, we will take 9 by guefs for the quotient; then 9 
times the root 1 is 9, which is very near 10, throw 
away the o and add 1 to the root 1, which makes 2 

D 3 for 
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for the true divifor *, then to have the true quotient 
figure, fay how oft 2 in 22, anf. 9 times, for we can 

„ take no more ; therefore 9 is rightly taken. 
Then the root 19 being fquared gives 361, and 

cubed is 6859. This cube lubtra&ed from 78924 
leaves 10334 the refolvend, which divided by 3 
gives 3445 for a dividend; and 361 is the divifor, 
and the' quotient is 94 then the root 19 multiplied 
by 9 gives 171, therefore add 17 to 361 gives 378 
for the exad divifor. Then by dividing you will 
get 91 : and the root 1991. 

Ex. 2. 
To extra# the cube root of 28373625. 

28373625 (30 = 1 root 

27 

3) 13 900 = fquare 
9) 4 (o 27000 = cube 

283736 30 root 
27000 . 5 quotient 

3) 13736 15° 
9°°) 4579 (5 

15 A575 therefore 305 is the root, which 
- - cubed gives 28373625, exadt. 

divifor 915 4 

All the root might have been had at once by bring¬ 
ing down another figure, and that is becaufe the fe- 
cond figure happens to be o. 

• 

Thus 2837 
27 

3) 137 

9) 4'5 (°5 
Ex. 



Chap. I. , CUBE ROOT, 29 

Ex. 3. 

To extract the cube root of 8302348000000. 
• • • • • 
8302348000000 (202 = i root 
8 ' 

3) 3 
4) i (02 

o 

10 
s v 

then 202 fquared is 40804, and cubed is 8242408. 
• 

83023480 
8242408 

3)599400 
40804) j99800 (48 

iroot 101 163620 
e 

40905 36180 

32724 
, i 

3456 

therefore the root is 20248, or very near 20249. 

Ex. 4. , 

Extr. the cube root of 118 248 24500000000000000a.' 
• • • • • • • * 

118248 245000 000000 000000 (49 
64 

3) 542 refolvend 

16) 180 (9 4 

3 I71 9 

divifor 19 9 3l« 

D 4 Then 
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Then 49 fquared is 3401, and cubed is 117649. 
• • 

H8248O 

II7649 

,3) 599° refolvend 
_- 

divifor 2401) 1996 (08 j and the root is 4908. 
1920 

76 

,, * . - / 

*1 hen the fquare of 4908 is 24088464, and its cube 
118226181312, therefore proceed 

• • • • 
/ • » 

1182482450000 
118226181312 

3) 220636880 refolvend 
24088464) 73545626 (3052 4908 

1472 72269808 3 

divifor 24089936 1275818 1472I4! 
I2O4496 - 

71322 
48l80 

23142, 

Therefore the root is 49083052, or very near 
49°83°53< 

The proof of your work is, to multiply the root 
by itfelf and the product by the root •, which mull 
equal, or nearly equal, the number given to be ex¬ 
tracted. 

CHAP, 
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CHAP. II. 

VULGAR FRACTIONS. 

DEFINITIONS. 

I. A FRACTION is fome part or parts of an 
' x"V integer or whole thing, reprefented by i; as 

4 is a fradtion denoting three fourth parts of an inte¬ 
ger or i. Every fraction confifts of two numbers, 
placed one above the other, with a line between them, 
as in this fraction -J. The lower number 4 is called 
the denominator, and fhows how many parts the in¬ 
teger is divided into ; the upper number 3 is called 
the numerator, and expreffes how many of thefe parts 
the fradlion confifts of. And both numerator and 

* r 

denominator are called terms of the fraction. 
2. A proper fraction is that where the numerator 

is lefs than the denominator, as 4. 
3. An improper fraction is that wherein the deno¬ 

minator is lefs than, or equal to, the numerator, as 
4 or .§-» 

4. A fingle fraction is that which confifts of but 
one numerator and one denominator. 

£. A compound fraftion7 or fraction of a fraction, 
is that whofe parts are vulgar fractions, connected 
with the word 0/, as f of 4 of 4. 

6. A mixt number is a whole number with a frac¬ 
tion annexed, as 154. 

7. Denomination is the name of any integer or 
thing. Thus pounds, fhillings and pence are feveral 
denominations •, where fhillings are of a lower deno¬ 
mination than pounds, and higher than pence. 

Scholium. / 

Any fra&ion, as 4» niay be confidered either as 
i of the number 3, .or as 4 of 1. For J of 3 being 
thrice as much as 4 of 1, and 4 of r being alfo thrice 
as much as 4 of 1 *, it follows, that £ of 3, and 4 of 
1 fignify the fame quantity. 

3 tike- 

1 
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Likewife in any fraction as 4, the numerator 3 
may be confidered as a dividend, and the denomi¬ 

nator 4 as a divifor. For as 4 fignifies the fourth 
part of 3, it intimates a divifion by 4; therefore 3 
becomes a dividend and 4 a divifor, by the nature 
of divifion, and ~ reprefents the quotient. ^ 

When an integer is divided into any number of 
parts (denoted by the denominator); the fewer or 
more parts taken, the lefs or greater is the fradtion, 
that is, the lefs or greater the numerator, the lefs or 
greater is the fraction. And if the number of . parts 
taken be the fame as the integer is divided into, 
that is, if the numerator be equal to the denomi¬ 
nator, then that fraction will be equal to the whole 
or integer. Thus 2 hairs, 3 thirds, &V. that is, 
i or 4 or £ &c. is equal the whole thing, or equal 
to 1 the integer. And therefore when the nume¬ 
rator is lefs or greater than the denominator, the 
fradtion is lefs or greater than 1. 

From what has been faid, if one fradtion or mixt 
number as i8fi, be to be divided by another as 

4t> it may be written thus, and if any fuch 

i8-t 1 
fradtional quantity as this —occur, it denotes a 

J44 
divifion of the number 1844 by 4t* 

PROBLEM I. 

To reduce a fraction into another of equal value* 

RULE. 
Multiply (or divide) both terms of the fradtion by 

one and the fame number, and you will have a new 
fradtion equivalent to the fradtion given, 

Example. 

Let the fradtion be multiply both terms 
5 . : r 

by 
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18 
by 6 produces — for the new fra£tion; that is* 

^ 3 

— = - —. On the contrary, in the fraction 
5 5x6 30 - ” 
x 8 o 
—, divide both terms by 6, gives —, with is equi- 
3° 3 
. , 18 
valent to —. . 

3° 

For in the fra£tion it is plain the 5th part of 

3 is all one as the 10th part of 6, or the 15th part 
of 9, and fo on-, that is, the 5th part of 3, is the 

fame as the 6 x 5th part (30th part) of 6 x 3 or 18. 

Or thus, in the improper fraction ~, 4 contains 

2 as oft as 3 times 4 (12), contains 3 times 2 (6); 

that is, ~ — 2 for the quotient, and = 2 for the 

quotient, therefore — = &V. 
2 o 

In like manner it is evident that 3 pennies contain 
1 penny, as oft as 3 groats contain 1 groat; or as 

oft as 3 fhillings contain 1 fhilling. That is, — = 

JX4 IX 12’ 
And the fame holds equally true for divifion, 

. . 3x12 3 • rj 
that IS’ 737^ = 7’ ®e- 

PROBLEM II. 

To reduce a whole number to the form of a fraction '. 

RULE. 
Place 1 under it for a denominator. 

Example. 

Suppofe 7 is the whole number, then it becomes 

Y for the fractional quantity required. 

PRO- 
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PROBLEM III. 
To reduce a whole number to a fraction of a given 

denominator, 

: RULE. 
Multiply the whole number by the given deno¬ 

minator, and under the prod ud write the lame de¬ 
nominator. 

Example. 

Suppofe 7 to have the denominator 11. 
7 the„ 7*JJ ™ 77 

77 
then or — is the fradion required. 

For 
7x11 

11 

PROBLEM IV. 
To reduce a compound fraction into a fingle one, 

RULE. 
Multiply all the numerators together for a new 

numerator, and all the denominators together for a 
new denominator, of the fingle fradion. 

\ 

Ex. 1. » 

Let the fradion be — of of —. ' 
„ * 2 5 7 2 7 
1 A 

i x I then =hthe fin^ 

For —- of is the fame as — divided by k, or —% 
5 7 ' 7 ; 0 5x7* 

therefore — thereof will be 3 times as much or 

j—. Laftly, the whole fradion being now 
n 5 x7 

the 
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the — of it is -— divided by 25 or —-— = —• 
2 5x7 1 2x5x7 70 

Ex, 2. 

What fra&ion of a pound is 34 ? 

d. = — of — of “ of a pound, 
o to n r\ * 

that is, 

12 20 

7X1X1 7 r ' 
-- =-«-of a pound. 

2X12X20 480 

24 8 
, or — of 
00 20 

And thus — of — of — of a pound is 
3 4 5 

a pound or 20 fhillings, that is, 8 fhillings. For 

~ of a pound, is 16 fhillings, and — of 16 fhillings 

is 12 fhillings, and — of 12 fhillings is 8 fhillings* 
3 

PROBLEM V. 

To reduce a mixt number into an improper fraction, 

RULE. 
Multiply the whole number by the denominator 

of the fraction, and to the product add the numera¬ 
tor ; and the fum is a new numerator, and the de¬ 
nominator the fame as before. 

Example, 

The mixt number is 324*'. 

32 
_7 
224 

±5 
229 

quired, 

then 7+5 — is the fraction re-< 
7 7 

For 32 wholes or 
32 23X7  224 

T ~ 7 ~ 
or 224 fe* 

venths, to which if the other 5 fevenths be added, 

the whole is 229 fevenths or —. 
* 7 

PRO- 
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P R O B L E.M VI. 

TV reduce an improper fraction into a whole or mixt 
number. 

RULE. 
Divide the numerator by the denominator, and 

the quotient is the whole number. Then what re¬ 
mainder there is, place it over the denominator, and 
annex this fraction to the quotient before found. 

; 63i 
Example, 

Let be propofedj 631 divided by 16 gives 

39 for the quotient, and 7 remaining, therefore 

39<V=^as required. 

16) 631 (39rv 
, 48 * 

144 

7 

For the fra&ion fignifying 631 fixteenths, 

therefore every 16 makes 1, and therefore the quo¬ 
tient 39 fhows how many ones are contained in the 
number, and the 7 fixteenths which remains, muft 
therefore be placed as a fra&ion. 

PROBLEM VII. : 

To find the greateft common divifor fior the numerator 
and denominator of a fraction? or for any two 
numbers. 

1. RULE. 
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1 RULE. 
Divide the greater by the leffer, and the laft di- 

vifor by the remainder, and fo on continually till 
nothing remain j then the laft divifor is that re¬ 
quired. 

Or in dividing take the neareft quotient, and the 
difference between the dividend and that multiple, 
for the next divifor, &c. 

Ex. 1. 

Let be propofed ; dividing according to rule, 

the laft divifor is 28, which is the greateft number 
that will divide both numerator and denominator, 
without a remainder. 

Note, if the laft divifor be 1, the 2 numbers are 
prime to one another. 

25i) 364 (1 
'' 252 

112) 252 (2 
224 

m 

28) 112 (4 

/ 

For fince 28 meafures 112, it likewife meafures 
twice 112, or 224; and therefore 28 meafures 
224 + 28, or 252. 

Again, fince 28 meafures 112 and 252, therefore 
it meafures 252 + 112, or 364; and fo on. There¬ 
fore 28 meafures both 252 and 364. 

Now 28 is the greateft common meafure; for if 
there be a greater G, then fince G meafures 252 and 
3C4, it alfo meafures the remainder 112, and fince G 

'■* - 2' meafures 
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meafures 112 and 252, it alfo meafures the remainder 
28, that is, the greater meafures the lefs, which 
is abfurd. 

2 RULE. 

If the numbers given be mixt numbers, or frac¬ 
tions *, reduce them to a common denominator; and 
take the two new numerators, and proceed as in the 
firft rule to find their greatefi: common meafure *, 
make it a numerator, under which put the common 
denominator; and that fra&ion will be the greatefi: 
common meafure fought. 

* Ex. 2. 

Let 91 and 13 be propofed. 

Thefe reduced to a common denominator are 

and —, 
4 

then 39) 52 (1 

39 

) 

\ 

39 
4 

13) 39 (3 fo is the greatefi: 

39 

o 

common meafure of 
gi and 12. 

PROBLEM VIII. 

"To reduce a fraction to its leafi terms. 
1 1 1 . 

I. A GENERAL RULE. 
Find the greatefi: common meafure, by which di¬ 

vide both terms of the fraction ; the quotients will 
be the terms of the fra&ion required. 

Ex. 1. 

Let the fraction be whofe 
364 

meafure is 28, divifion being performed, tve hav$ 

2$) 
—, that is, ~ == —. 
*3 364 13 

greatefi common 

1 
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28) 252 (9 28) 364 (13 *— the fraftion. 
252 28* *3 

84 
84 

Particular RULES. 

2 RULE. 

When the terms of the fraftion are even numbers^ 
divide them by 2 continually. 

Ex. 2. 
48 ,, 
—, being continually halfed is 

therefore = -2L. 
232 17 

G
O

 24 12! 6 

272 13 6 68(34 *7 

3. When both terms end with 5; or one with 5, 
and the other with a cypher 5 divide both by 5. 

3. 

As^i; 5)H5(45/jL. 
.,475 ^ 475 '95 119 

When both terms end with cyphers, 
equal cyphers in both. 

-Ev. 4. 

cut off 

'As -10-00^, which becomes —. 
25700 257 

5. If you can efpy any number whicn will divide 
both terms, divide by that number. 

Ex. 3, 

As divide by 3 ) H (JL 
.39 7 ■ 7 39 ^3 

6. For expedition, try all numbers 2, 3, 4, 5, &c, till 
you find fome that will divide both, if any 
there be. 

E Ex, 

1 
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Ex. 6. 

As ; trying 2, 3, 4, 5, 6, none of them 

will do, but trying 7 it fucceeds, 7) (““• 

PROBLEM IX. 

7*0 reduce fractions of different denominators, to thofe 
of equal value yJhaving a common denominator. 

I. A GENERAL RULE. 

Multiply each numerator by all the denominators 
except its own, for a new numerator ; then multiply 
all the denominators together for a new denominator. 

Ex. 1. 

—, —, become 
3 4* 55 60 60 60 

2 3 4 3 
4 3 1 J - 
8 9 16 12 

JL 3l JL 
40 45 B 48 ho 

For in each fra&ion, both terms are multiplied 
by the fame number; and therefore its value is not 
altered. 

Particular RULES. 

2 R U L E. 

Divide the denominators by their greatefl: common 
divifor; and multiply both terms of each fra&ion, 
by all the other quotients, which will produce as 
many new fra&ions. This is the bell rule for 2 
fra&ions, as 

f * "■ . , 1 xit 
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Ex. 2. 

Divide by 6) the quotients are 

2, 3- Then 

^ 3 

12x3 ““36’ 18x2-36- 

3 R U L E. 
In feveral fradtions, divide all the denominators 

by their greateft common divifor, fetting the quo¬ 
tients underneath ; then find the leaft number which 
all thefe quotients can meafure; and divide this 
number feverally by all thefe quotients, and fet 
thefe new quotients underneath. Then multiply the 
terms of each fradticn by its new quotient, gives the 
correfpondent fradtion required, and all thefe will be 
in their leaft terms. 

Ex. 3. 

3) p ^ ~ > the greateft com. divifor is 3. 

12 8 6 4 3 i the leaft number they mea- 
23468 fure is 24. 

~ A 11 15 S3 the fradlions required. 
72 72 72 72 72 n 

It is evident each of thefe is of the fame value as 
that given, having both its terms multiplied alike. 
And they will be in the leaft terms, becaufe 24 is 
the leaft number that the firft quotients meafure. 

Scholium. 

By this problem the greateft of two or more frac¬ 
tions may be difcovered. 

PROBLEM X. 
Several fractions being given ; to find as many whole 

numbers, in the fame proportion. 

RULE. 
Reduce the fradtions to a common denominator, 

then the feveral numerators will be to one another as 
the fradtions given. E 2 Exam- 
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Example. 

Suppofe i, -i. Thefe arc reduced to 

A, therefore the fra&ions are as the 
12’ 234 
numbers 6, 4, and 3. 

PROBLEM XL 
<fo find the value of a vulgar fraction in known parts 

. of the integer 

RULE. 
Multiply the numerator by the number of parts 

contained in the integer, and divide the produtt by 
the denominator, the quotient fhews the known parts. 
If there be any remainder, multiply it by the next 
inferior denomination, and divide by the denomi¬ 
nator as before : and continue this work till you 
come at the lowed denomination. 

* Example. 
What is — of a pound fieri.? Anf. 3s. 6d. ifT/. 

17 

3 
20 

17) 60 (3 (hillings 

11 
9 , . ' . , '' i 

12 \ 

iT 
9 

17) 108 (6 pence 
102 

~~6 

' 4 
17) 24 (1 TrT farthings. 

* f 

17 
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f - P R O B L E M XII. 

To reduce a fraction of one denomination to the fraction 
of another denomination. 

RULE. 
1. From a lefs to a greater denomination ; mul-‘ 

tiply the denominator by all the denominations, from 
that given, to that fought. 

2. From a greater to a lefs denomination *, mul¬ 
tiply the numerator by all the denominations, from 
xhat given, to that fought. 

Ex. i. 

Given -2- of a penny j what fradion of a pound is it ? 
5 '' 

Anfw. 
5x12x20 1200 

Ex. 2. 

= —2— of a pound. 
¥ n rsr\ * 

y of a pound, what is that of a penny ? 

A r 3x20x12 720 r 
Anf. ^—~-= of a penny. 

For ~ of a penny is — of — of — =3-2-. 
5 ' 5 12 20 5X12x20 

And — of a pound reduced to pence is 2o x 12. 
^ 5 

PROBLEM XIII. 

To add fractions together. 

I. A GENERAL RULE. 

Reduce compound fractions to fingle ones; mixt 
numbers to improper fra&ions •, and fractions of 
different denominators to a common denominator. 

Then add the numerators, and fubl'cribe the 
common denominator. 

E 3 Ex. 
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Ex. i. 
J *■ 

What is the fum of — and — ? 
9 9 

tO 2 

add 1 anf. 1. 
5 9 

Ex. z> 

What is the fum of — and ~ ? 
4 5 

When reduced to a common denominator they arft 

^andH, 
20 20 

to 15 
add 12 . ~ 27 

- the fum — or r 

Ex. 3. ' 

What is the fum of — of and ■§•, and il i 
3 4 o 

= aJfoi^l. Then 

13,5" 
—, g* T’ reduced to a common denominator* 

30 are —; — and —. 
24* 24 24 

2 
9 

32 
4i 

the fum — or 1 
1 24 

* r 

Pa RTI C U LAR R U L E 3* 
* * •* ; « . »; , 

2 RULE. 
When many fractions are given, firft add two of 

them, and to the fum add a third, and to that fum 
afourth, and fo on, . 

Ex. 
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Ex. 4. 

Add together JL. 
3 4 5 6 

— and — are reduced to — and —,whofe fum is —. 
3 4 12 12 12 

Then • ‘ 

— and — are reduced to ^ and ~,whofe fum is 
12 5 00 60 60 

Then and ■- are reduced to and ~,whofe fum 

is or 3?V> the fum of all the four fradtions. 

3 RULE. 
When mixt numbers are to be added, firft add 

the fradtions to the fradtions 5 and then the whole 
numbers by themfelves. 

Ex. 5. 

Let 34, 4^, and io| be added. 

— and -• are reduced to —, — and -2. 
238 24’ 24 24’ 
12 
8 

J9 
29 

*9 
24 ~ or is the fum of the fradtions. 

to which add the whole numbers 

the fum 18 •a” 
■5-T 

4 RULE. 

In fradtions of different denominations, reduce 
them to thofe of a common denomination, and then 
to a common denominator. Then add the nume¬ 
rators, and fubfcribe the common denominator. 

E 4 Ex^ 
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Ex. 6. 

of a pound, — of a fliilling, and ~~ of a penny, 

of a {hilling is ~ of a pound, and of a penny is 

Add together 

~ of a pound, - 
5 r io 

— of afhillinff is-^ 
io 

7 

200 

1920 
Then. 

5 5 200 

of a pound.' 

> ' ■ 'll 

5760 240 35 
and-are reduced to , , ,—. -. 

1920 9600 9600* 9600 
5760 •: 1 . 
240 

35 

6035 / 

The fum of the fractions is of a pound, or 
9OOO r I92O 

in lefs terms* 
Or the fractions may be reduced to fhiilings, or 

pence. 

PROBLEM XIV. 

To fubtratt one fraction from another. 

I. A GENERAL RULE. 
Reduce compound fradtions to fingle ones ; mixt 

numbers to improper fradtions; and fradtions of 
different denominations to thofe of the fame deno¬ 
mination ; and laftly, fractions of different denomi¬ 
nators to a common denominator. 

Then fubtradt the numerators, and fubferibe the 
common denominator. 

Ex. 1. 

From take —. 
„ 5 5 from 4. 

take 2 ‘ . , . 2 
the remainder 1$ 

? 5 
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I 

Lj ' • 

Ex. 2. 

From ~~ take 
13 * 

Reduced to —, —. 
104 104 

from 48 

take 30 , q 
the rem. = —. 

9 I04 
1 

Ex. 3. 

Take — of ~ from —. 
3 5 3 

* ^ of ~ is reduced to —. 

3 5 15 8 10 
Then — and — are reduced to — and —* 

15 3 1S *5 
10 

—. The remainder is —. 
2 15 

Ex. 4. / 
From 25!, take 21^. 

Reduced to and 
o 4 

203 
85 , 118 . 

jjg» the rem. = — = 294, or 294-. 
* * ■ • • * 1 

i?*. 5. 

From y of a pound take ~ of a fhilling. 

i of a pound = of a fhilling. 

20 

the rem* =~ of a flailing = 44 fhilling; 

Or 2. of a fhilling may be reduced to pounds, GV. 

Parti- 
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Particular RULES. 

2 RULE. 
In rnixt numbers, take the fraction from the 

fraction, and the whole number from the whole 
number, remembring to reduce the fractions to a 
common denominator : and if the fraction to be fub- 
traded is lefs, borrow i. 

Ex, 6, 
Take 21^ from 25 

- is reduced to Then 
4 o 

from 25I- 
take 214 

remains 44 

Ex, 7. 
From 108’ take 924. 

I* and ~ reduced to a com. denom. are ~ and 

from io8rV ' or 10744 ** 12 
take 92ft pz^i- 

remains 1544 ieli 

here as 10 is greater than 9; add 1, that is, — to 

21 12 
9 makes then io from 21, remains n twelfths, 

then carry 1 to 2 makes 3 * and 3 from 8, remains 
9 from 10 remains 1. 

Ex, 8. 

From 272^ take 14. 
s 2 72t\- 

14 

remains 258-^. 



Chap. II. VULGAR FRACTIONS. 59 

Ex. 9. 
Take 59 J. from 120. 
120 or 

' 59r 

remains 6o£ 6o£ 

' 3 RULE. 

A fra&ion from 1 or an integer; fubtradl the nu¬ 
merator from the denominator, the remainder is the 
numerator to be placed over the given denominator. 

Ex. 10. 

Take — from 1. 
23 

23 
17 6 

Then the remainder is — 
6 23 

<4 RULE. 

A proper fra&ion from any whole number; fub- 
traft the numerator from the denominator, for the 
numerator of the fraction, which is to be annext to 
{be whole number leflened by 1. 

Ex. 11. 

Take — from 57, the remainder is 56 ^T. 

' " 23 from 57 
take o~t 

rem. §6^6r 

The reafon of the rules in addition and fub- 
tradlion, is Evident 5 for when fraftions are reduced 
to the fame denominator, they have the fame name; 
therefore as 2 ihillings andj Shillings make 5 (hillings, 

fo 
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fo 2 twentieths and 3 twentieths, make 5 twen¬ 
tieths. And 2 twentieths from 3 twentieths leaves 

1 twentieth. That is, — 4. -1 = L and-2-— — 
20 20 20 20 20 

= —* And for the fame reafon — and — make —. 
20 , '99 9 

And — from remains —, &V. 
5 5 5 

PROBLEM XV. 
To multiply fractions together. 

% 

I. A GENERAL RULE. 
Reduce mixt numbers to fra&ions; then multi¬ 

ply the numerators together for a new numerator, 
and the denominators together for a new deno¬ 
minator. 

Ex. 1. 

Multiply 2- by •£. The product is ^ . 
3 7 3 ^ 7 

A*. 2. 

Multiply 74 by —. 
4 

74- is reduced to — then the produdt is 15x3 = li, 
2 ‘ 2X4*8 

or 54- 
A*. 3-. 

Multiply 34 by 13. 

Thefe are reduced to — and 
7 ‘ 1 ■ ' 

25 7 
1 

75 
25 

325 

7 . the produdl is B5, or 464. 

Parti- * 

i 
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Particular RULES. 

2 RULE. 

When the numerator of one and denominator of 
the other, can be divided by any number ; take the 
quotients inftead thereof. 

Ex. 4. 

Multiply by 

1 

Divide by 4. 4)f Xy, then fx~ the 

2 
produ£L 

Ex. 5. 

Multiply — by 

4)lxf = rx j=s-theprodu£t- 

3 RULE. 
A mixt number or fra&ion, to multiply by 2 

whole number •, multiply the whole number by the 
whole number ; and then multiply the numerator by 
the faid whole number, and divide by the denomi¬ 
nator, and add this quotient to the former produdt 

Ex. 6. 

Multiply — by 9. Then 221? — !Z the product. 
4 4 4 

3 
9 

4) 27 (61 the product 
24 

JL 
Ex. 
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3 

1L 
39 

Ex. 7. 

Multiply 3) by 13. 

l3 39 
4 

7) 52 (7t 
49 

7r 

46| the product. 

4 rule: 
When a fra&ion is to be multiplied by a number 

which happens to be the fame with the denominator ; 
take the numerator for the produfi. 

t 

Ex. 8. 

Multiply —■ by 5, the product is 3, 

5 RULE. 

When feveral fra&ions are to be multiplied; ftrike 
out fuch multipliers as are found both in the nume» 
rators and denominators. 

^ 1' ' Ex. 9. 

Multiply thefe ~ , 4- 
7 15 8 

That is, 2Xi4*5 
7x15x8* 

This becomes 1x2x1 1 x 1 x 1 
or 

1X3X47 ^ 1X3X2 6 * 

For 2 and 8 become 1 and 4, 14 and 7 become 2 
and 1, and 5 and 15 become 1 and 3 ; by dividing 
refpeclively by 2, 7, and’5. 

A fra&ion is multiplied by any number, by mul¬ 
tiplying the numerator by that number, or dividing 
the denominator by it, when it can be done; 

o 3 
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as to multiply by 9, the product is 2Z. For fince 
I ^ 

3 of any denomination multiplied by 9 produces 27 
of that denomination, therefore 3 fourths multi¬ 

plied by 9 produces 27 fourths, or 2Z. And fince 

= 4x^9 = 36’ therefore if or ^ be multiplied by 

9, the produd is or _ 17 the fame as 
3° 4X9 4 

dividing 36 (the denominator of j|J by 9. 

The reafon of the general rule is this 5 ~ multi¬ 

plied by K makes or For to take - 
/ 6A 7 21 3 

once we fhall have juft but to take — only-i 
3 3 7 

of a time, we fhall only have 
2 2 
- or— 
3X7 21 

becaufe 

dividing any fraction by any number as 7, is but 
multiplying the denominator by that number 7. 

Again, taking •— of — is taking 5 times as much as 
/ 

■7, that is, 5 times —, and this will be 2 * 5 
/ 21 21 

be¬ 

caufe multiplying any fraction by any number 5> is 
the fame as multiplying the numerator by that num¬ 

ber 5 ; and therefore the product is —. 
2* X 

And in the particular contracted rules, fince both 
numerator and denominator are divided by the 
fame numbers, the fraction will be of the fame 
value,. 

Multiplication of fractions is only reducing a 
compound fraction to a fingle one, for to multiply 

T ky is no more than to take — of —. 
3 7 7 3 

In 
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In multiplication of proper fractions, the product 
is lefs than either the multiplier or multiplicand. As 

if — be multiplied by —; if ^ be multiplied by i, the 
3 w 

product will be juft 2-; but if — be taken not fo 
3 3 

\ * * 

much as once, as only y of a time, the produdb will 

be lefs than And for the fame reafon it will be 
3 

lefs than if — be the multiplier. 
^ 3 

PROBLEM XVI. 

To divide one fraction by another. 

I A GENERAL R U, L E. 
Reduce compound fractions to fingle ones, mixt 

numbers to improper fradtions, and fractions of dif¬ 
ferent denominations to thofe of the fame denomi¬ 
nation. Then multiply the denominator of the di- 
vifor by the numerator of the dividend, for a new 
numerator; alfo multiply the numerator of the di- 
vifor by the denominator of the dividend, for a new 
denominator \ the new fradtion is the quotient. 

Ex. u 

Divide— by 

1 
7 

5 /7 *5_25_T i« 

Ex. 2. 
2 g 

Divide — of a pound by — of a fhilling. 

8 8 2 
of a fhilling is reduced to — of a pound = — 

ef a pound. | (§ = 20. , ' . 

Ex. 
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Ex. 3. 

Divide n~ by 2 J. 

Thefe are reduced to ~ and —. 
3 4 

xi\ 35 ,140 _ 

4) 3 133 ^4tt‘ 

Z£v. 4i 

Divide 7 by 

3 
5 

I I 

Particular RULES. 

2 RULE. 

When it can be done, divide the numerator of the 
dividend by the numerator of the divifor, and the 
denominator by the denominator, for the quotient. 

, ' ■" / i * 1 

Ex. 

Divide — by 
15 ; 3 

2\ 8/4 , 
—) — (— the quotient. 

„ ^ -- , **" S' 

3 R U L E. 

When the two numerators, or the two denomi^ 
nators, can be divided by any number \ take the 
quotients inftead thereof. 

Ex. 6. 

Divide by —. 
27 

? 3 
fi j £5 

5/27 v54- 

Exi 
I 
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Ex. 7. 

Divide — by —. 
9 1 45 

1' 4 
2 \ 8 /20 

— J — ( — = 20. 
45y 9 V i 

5 1 

4 R U L E. 
A fradtion by a whole number; multiply the de¬ 

nominator by the whole number. 

Ex. 8. 

Divide — by 7, the quotient—1-— ~ — 
15 J ‘ ^ 15x7 I05 

5 R U L E. 

If the denominators are equal, place the nume¬ 
rator of the dividend over the numerator of the di- 
vifor, for the quotient. 

Ex. 9. 
..82 8 

Divide — by the quotieni is —, or 2f. 
J9 *9 3 

To demonftrate that 4 divided by —, gives — in 
8 J 7’ D 24 * 

the quotient, let them be reduced to a common de¬ 

nominator, then ~ and 4 = ~f‘*s then it is 
7 56 8 565 

plain 4 divided by — is the fame as divided by 
r 8 J 7 . 56 756 
But 35 fifty fixths contain 24 fifty fixths, as oft as 

35 contains 24, therefore the quotient is — or L 
, 1 1 v - 24 3x8 

as by the rule. 
Alfo a fradtion is divided by a whole number by 

multiplying the denominator by that number. As if 

~ be divided by 7, the quotient is —— =—. 
15 1 15x7 105 

For 
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I o I ? X 7 01 

For= iJxj ~ 105: now ^weta^et*le7C'1 Partof 

77. or its equal this is the fame as dividing qi 
15 IO5 S 

hundred and fifths by 7, and the quotient is 13 hun- 
jo jo 

dred and fifths, or —. And hence a frac- 
I05 15x7 

tion is divided by a whole number, by dividing the 
numerator by that number, when it can be done f for 

~~ divided by 7, gives — for the quotient. 
*5 ms* ^ ^5 
In divinon of fractions, if the divifor be a proper 

fraction, the quotient will always be greater than 
the dividend. For it is evident, when any quantity 
or dividend is to be divided by j, the quotient will 
be equal to the dividend : therefore if it is divided 
by a proper fradion, which is lefs than 1, the quo¬ 
tient will then be greater than the dividend: for a lefs 
divifor will be oftener contained in the dividend, than 
a greater divifor. 

PROBLEM XVII. 
"To extract the fqiiare root of a fraction, &rc. 

RULE. 
1. Reduce them to the lead terms; then extrad 

the root'of the numerator for a new numerator; and 
the root of the denominator for a newr denominator. 

2. When they have not exad roots, add an equal 
number of cyphers to both terms, and then cx- 
trad : or 

- 3. When neither numerator nor denominator has 
an exad root, multiply the numerator by the deno¬ 
minator, and extrad the root of the produd, for a 
numerator, and under it place the faid denominator, 

4. To find the fradional part of the root of a 
whole number nearly, take the remainder for a 
numerator, and twice the root (4 1 if you will) for 
a denominator, of the fradional part. 

F 2 Or 
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Or more exactly, ,make twice the remainder a 
numerator; and add i to 4 times the root, for a 

denominator. 
Ex. 1. 

v \ 

Extradt the fquare root of 

Here , and the root of 25 is 5, and the 
18 9 

or r 

root of 9 is 3; therefore the root of is or I-J* 
j O 

Ex. 2. 
Extract the root of 5TV 

5^-3- tz £|, then the root is 

Or thus. 

— 5. nearly. 
4 4 

82 83000 , , r 83000 V1328000000 
55 = T6ooo’ and the r00t °f 16553 15. 16000 

= 36441 = 9ii£ = 9£i near. 
l6000 4000 400 

Ex. 3. 
2 

To extract the root of 
/ * 

Here — = 2Q°—. But the root of 20000 is 14.15 
A 3 30000 

and the root of 30000 is 173 s 

Therefore the root of ~ is —. 

Or thus. 

2. = 252, and 200 x 300 = 60000, whofe root 
3 300 

. 1 1 • 245 49 
is 245, then the root is = gy 

Ex. 4. 
Extract the root of 27-J. 

27I- = —, and 138 x 5 = 690, and the root of 

690 is 26, then the root is ~ nearly, but 

too fmalh 
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EX- 22 
Extradt the root of 22, or —. 

1 
22 (44, or 44 the root, Or thus. 
16 
- 22 (4*4 the root. 

rem. 6 16 

6 4 

2 4 

12 16+1 = 17, 
Ex. 6. 

To extradt the root of 253. 

253 (>5t‘> or r5tr the root. 
1 * 

*5) *53 
125 or more exactly 15J £ is the root. 

i 28 * # 

Ex. 7. 
Extradt the root of —. 

Here 8 X 7 = 56* And the root of 56 is 7J4, 
or 7^4. . , I(. 

56 (7t7t = 74. And the root is ~ = -^r. 

49 ’ * * 1 
1'1 7~4 

7 or more exadtly 
. t , . # •* *4 

PROBLEM XVIII. 

5T<? extract the cube root of a fraction* 

RULE. 
1. Reduce the fradtion to the lead: terms ; then ex¬ 

tradt the roots of the numerator and denominator, 
if they have any, for the numerator and deno¬ 
minator of the fradtion. 

F3 2. If 
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2. If they have not exaCt roots, add an equal 
number of cyphers to both terms, and then ex¬ 
tract : or 

3. If neither of them have exaCt roots, multiply 
the numerator by the fquare of the denominator, 

‘ and extract the root of the product for a nume¬ 
rator, and under it place the faid denominator. 
And here you may add cyphers to both, before 
you begin, as before. 

4. To find the fractional part of the cube root of 
a whole number ; make the remainder a nume- 

‘ rator, and thrice the fquare of the root a deno¬ 
minator. 

» 

Or more exactly, make twice the remainder a 
^numerator, and add 3 times the root to 6 times its 
fquare, for a denominator. 

But the moft general method is to reduce the 
fraction to a decimal, and then extraCt the root, as 
hereafter. 

Ex. 1. 
1 

ExtraCt the cube root of —. 
, i 27 
"The root of 1 is 1, and the root of 27 is 3, then 

i is the root. 
3 

Ex. 2. 

To extraCt: the root of 

8 315 x 
-2^- is reduced to —, whofe root is —. 
375 ' I25 5 

Ex. 3. 

ExtraCt the root of —. 
3 

~ rr —, the root of 20000 is 27, and the root 
3 30000 

2 . 27 
of 30000 is 31, therefore the root of — is 

Or 
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Or thus. 

sj 18 3 

2X3X3 = i 8. And the root is -—. But 
#■ 

= 2 
18 (2 FJ = 2|- the numerator. 

8 

10 

2x3= 6 
4x6 = 24 

or rather 2^ *= 2-^ for the 
numerator, and the root is 
21 
Ll - 
3 " 

8^ 

9 

30 

Ex. 4. 

Extract the cube root of 134. 

13^ is reduced to —, then — = 
07 7 7 7000 

• • 

The root of 95000 is 45 the numerator. 
• • 

And the root of 7000 is 19 the denominator# 

And the root --=2T7T. 

Otherwife. 

95x7x7 = 4655, whofe root is 16 or 17; there¬ 

fore the root is between — and —. 
7' .7' 

4655 (16 
4096 

Or /to. 

rem. 559, and thrice the fquare of 16 = 768, 
and the root is 16 i6t8t nearly, the numerator. 

16-- 

Therefore the root of 134 is —— = 2.3 0 'TT 

F4 CHAP. 
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CHAP. III. 

DECIMAL FRACTIONS. 

.Notation. 

A DECIMAL FRACTION is a fra&ion 
whole denominator is i with one or more 

cyphers; thus. —, —, —--- —, are de- 
10 io ioo ioo iooo 

cimal fradions. 
Here i, or the integer, is always fuppofed to be 

divided into io, ioo, iooo, &c. equal parts ; or, 
which is the fame thing, i is fuppofed to be divided 
into io equal.parts, and each of thefe parts into io 
equal parts, and each of thefe into io parts more, 
and fo on, ..by a continual fubdivifion. 

A decimal fraction is expreifed without the deno¬ 
minator, by writing only the' numerator and pre-. 
fixing a point on the left hand of it. And the 
number of places in the numerator is always equal 
to the number of cyphers in the denominator; thus 

-?3 %nif?es -1, .03 fignifies X, .37 fignifies 2L, 

and .004. fignifies —therefore when the nume- 

rator hath not fo many places as the denominator 
has cyphers, the void places muft be filled up with 
cyphers towards the left hand. And from hence is 
difeovered how1 many cyphers the denominator 
confifts of. . 

Cyphers on the right hand of a decimal do neither 
increafe nor diminilh the value ; thus .3 and .30 and 

.300, <Ac, are all equal, becaufe —— — - 2FAL 
10 100 1coo 

&cf as is plain from vulgar fradions : and therefore 
/: ' decimals 
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decimals are foon reduced to a common denominator, 
by annexing cyphers. 

The notation of decimal fra&ions, will be plain 
from the following table. 

on 

on 
to -H 4_l 
1—1 C3 
d CL, 

tO J2 4-» t- 
h d G 

_ <L o- s os 
Ja , -T3 ^2 3 

O T C 3 ° S o -C 
^g --a bn -5 w . 
^ G o ^ 0 : g 3.2 ° ° 
*J X W H H 

to 
A-l 
5-. d 
0, 
G ' 
O 

to 
A_» 
l— d 04 
G 
O 

_ a 

e 2 

.3 2 8 5 o 7 6 6?r. 

As in whole numbers, the iff place contains units, 
the fecond place to the left, tens; the third, hun¬ 
dreds; &V. So in decimals the order of places is 
contrary, for the firft place in decimals is tenths; 
the 2d place to the right is hundred parts ; the 3d, 
is thoufand parts ; &?r. And as whole numbers in- 
creafe from the right hand to the left in decuple 
proportion, or decreafe from the left to the right in 
a fubdecuple proportion ; fo decimals alfo increafe 
from the right to the left in a decuple proportion, 
and decreafe from the left to the right in the fame 
fubdecuple proportion. Thus in the table above, 

3 fignifies 2 fignifies 8 fignifies 

But in reading any decimal, as .328, we do not 
fay 3 tenths, 2 hundredths, 8 thoulands; but firft 
reduce them all to the denominator of the greateft; 

and call them ail by that name. Thus — = -222. 

2 20 and —^—remains the fame; andcolleft- 
100 1000 1000 

328 
ing them together, we have that is, three hun- 

. drcdt 



74 NOTATION QF Book I. 

dred and twenty eight thoufand parts: for .300 
+ .020+ .008 =.32^8. 

A mixt number, is made up of a whole number 
and a decimal, which are feparated from one ano¬ 
ther by a point. Thus 32.17 fignifies 32Aro-* And 
5.03 fignifies 5.-/ o o 

Hence any mixt number, as 5.03, may be ex- 

preffed thus, or ^22 0r fcfo and 3 2.17 
IOO 1000 10000 0 1 

= 32>I7 __ 321-7 = 32£7 32170 ^ 
1 10 100 10009 

Numeration, or the reading of decimals, is the 
very fame as that of whole numbers, only adding 
the name of the parts fignified by the decimal. 
Thus 328.328 fignifies 328 thoufands, and 328 
thoufand parts. 

Since decimals as well as whole numbers decreafe 
to the right hand in a fubdecuple proportion, there¬ 
fore decimals have the fame properties as whole 
numbers, and are fubject to the fame rules of opera¬ 
tion. For in any whole number, the feveral parts 
of it are, in effedt, but decimal parts of one another. 

P R O B L E M I. 

*To add decimal fractions* 

RULE. 
* 

Place all the points direftly under each other, 
then tenths will be under tenths, and hundred parts 
under hundredths, then add them together as 
if they were whole numbers; and laftly, put a point 
under the other points, which will prick off the 
number of decimal places in the fum. 

s 
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Ex. 1. 

•3527 
62.013 

.002 

•5 

fum 62.8677 

Ex. 2. 

•0035 
.02761 
.81017 
.22 
.017 

fum 1.07828 

3- 

32, 

5-°7 
.81 
.20571 
•0035 

fum 38.08921 

PROBLEM IL 

7*0 fubtraff one decimal from another. 

RULE. 

Place the greater number uppermoft, the points 
under the points, tenths under tenths, &c. then 

fubtrad 
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iubtrad as irt whole numbers ; placing the point of 
reparation under the other points. 

. v • . ‘ 1 1 . i 

Ex. i. 
- ^" * • 

from .4302 
take .257 

rem. -1732 

1 ■ v: ;■ 

< Ex, 2. 
from x-7.203 
take .07542 

rem. 17.12758 

Ex, 3. 
from 29. 
take .0545 

rem. 28,9455 

PROBLEM III. 

To multiply decimals together. 

I. A GENERAL RULE. 
• . 1 

Multiply the decimals as if they were whole 
numbers ; and from the produft cut off as many 
decimal places, as there are in both numbers. If 
there be not fo many places, make them out with 
cyphers on the left. - : r 

Ex. 
\ 
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Ex « 11 
.9087 

*852 

; 18174 

45435 
72696 

product .7742124 

Ex. 2. 

23*I7 
2,Ol5 

13002 
2317 

4^34 

produft 46.71072 

Ex. 
.09047 
.00125 

45235 
18094 

9°47 

produft .0001130875 

Ex« 4. 
.003479 

5081. 

3479 
27832 

17395 

produdt 17.676799 
To 
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To prove the truth of the rule, let 9087 
be multiplied by 852 ; thefe are equivalent to 

—and whence if the numerators be mul- 
10000 1000 

tiplied together, and the denominators alfo, the pro- 

dud will be ■7742-—, that is, .7742124 confiding 

of as many decimal places as there are cyphers, that 
is, of as many places as are in bath the numbers. 

For the fame reafon multiplied by 2016 
1000 

pro¬ 

duces 46710-7— 0146.71072. 
100000 1 ' 

Par ticular RULES for contracting the work* 

2 RULE,. 

In large decimals, you muft multiply in a con¬ 
trary order, thus : Begin with the left hand figure 
of the multiplier, by which multiply the whole 
multiplicand. 

Then prick off the laft figure of the multiplicand 
on the right, and multiply the reft by the next figure 
of the multiplier on the left. 

Then prick off another figure of the multiplicand, 
and multiply the reft by the next figure of the mul¬ 
tiplier. Go on thus with all the figures of the mul¬ 
tiplier; always pricking off a figure in the multi¬ 
plicand, at each multiplying. And obferve what 
is to be carried from the preceding figure, when you 
begin each multiplication. 

Set the firft figure of each produd diredly in a 
line under one another, to be added together. 

Laftiy, when you multiply by the units place, 
obferve what place of the multiplicand it begins 
with ; and cut off fo many decimals, in the produd. 

Or, obferve the places of any two decimals that 
begin the multiplication, and the fum of them gives 
the number of decimal places in the produd. 

Notey 
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Note, inftead of pricking off the figures gradually 
in the multiplicand ; you may know where to be®in 
to multiply every time thus : If the firft figure&on 
the left of the multiplier, begins with the firft figure 
on the right of the multiplicand ; then the 2d figure- 
begins with the 2d; and the 3d with the 3d; and 
fo on. 

Ex. 1. 
• • • • m 

multiply 76-84375 
by 8.21054 

61475000 

i536%75 
76843 

3842 
_ 3°7, ' 

produft 630.92867 

Ex. 2. 
• • • • • 

multiply .3570643 
hy .0210576 

7141286 
357064 

17853 
2499 

214 

produft .007518916 

Explanation. 

. 8 multiplying the whole multiplicand, 
gives 61475000 for the produft. .Then prick off 5, 
and multiply by 2, faying 2 times 5 is xo, carry 1, 

2 ' and 
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and 2 times 7 is 14 and 1 is 15, 2 times 3 is 6 
and 1 is 7, &c. and the product is 1536875. Again, 
prick off 7, and fay once 3 is 3, once 4 is 4, &c. 
and that produdt is 76843. Then prick off 3, and 
fay o times 4 is o; again, prick off 4, and fay 5 
times 4 is 20, carry 2, then 5 times 8 is 40, and 
2 is 42, &c. and the product is 3842. Laftly* 
prick off 8, and fay 4 times 8 is 32, carry 3 ; then 
4 times 6 is 24 and 3 is 27, 4 times 7 is 28, and 2 
is 30, and that produdb is 307. And the fum of 
all 630.92867. And fince 8 the units begins with 
5 in the 5th place, there muff be 5 places of decimals. 

And fince 2 begins to multiply at 7, 1 at 3, o at 
4, 5 at 8, and 4 at 6; it is plain the firft figure of 
each produdt will be in the 5th place of decimals *, 
becaufe the fum of the places of the two multipliers 
always makes 5. 

In the 2d Ex. 2 begins to multiply at 3, 1 at 4, 
o at 6, 5 at o, 7 at 7, 6 at 5. Where the fum of 
both places makes 9 ; therefore there are 9 places of 
decimals. 

Ex. 3. 

multiply 17.00257 6|8 30 
by .35608204 

51007730 
8501288 
1020154 

13602 
340 

7 

pfoduft 6.0543121 

3 RULE. 

When any decimal is to be multiplied by 10, 
ioo, 1000$ &V. remove the feparating point fb 

many 
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rnany places to the right hand, as there are cy 
phers. 

* . /. - / > ' • 

Ex. 8, 

multiply 
by 

32*075 
10 \ 

product 320.75 

* 

Ex. 9, 

multiply 
by 

25-7 
1000 

produd 
i 

25700. 

4 RULE. 

In large multiplications, make a table of all the 
products of the multiplicand by the 9 digits ; and 
then the feveral products, are eafily tak^n out of 
the table and writ down, as direded in multipli- 
cation of whole numbers. r 

PROBLEM IV. 

To divide one decimal by another• 

I. A GENERAL RULE. 

Divide as if they were whole numbers. Then 
cut off as many decimal places in the quotient, as 
the number of decimal places in the dividend exceeds 
the number in the divifor; if there are not fo many 
in the divifor, prefix fo many cyphers* 

G Or 

/ 
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Or thus, the fir ft figure of the quotient (or indeed 
any quotient figure'; is of the fame degree as that j£- 
gure of the dividend, under which the units place of 
the produdl (lands. 

Annex cyphers to the dividend, when there are 
not places fufficient. Like wife by continually innex- 
ing cyphers, the divifion may be continued as far as 
you pleafe. 

Ex. i. 
1 i 

Divide 13.4 by 3207.3 

3207.3) 13.400000 (.00417 
128292 * * 

57080 dividual. 
32073 

250070 
224511 

25559 

Explanation. 

As the dividend wants places, I add cyphers at 
pleafure-, and there being fix places of decimals in 
the dividend, and 1 in the divifor; there will be 5 
in the quotient; therefore 2 cyphers muft be prefixt 
before 417, and the quotient is .00417 as required. 

Or thus, fince 9 the units place (of the produdt of 
the divifor by 4) (lands under the third place of de¬ 
cimals, therefore 4 is in the third place of decimals. 
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Ex. 2. 

Divide 271.5 by 5.746 

5.746) 271.50000 (47.25 

22984*•• 

41660 

40222 

14380 

11492 

28880 

28730 

150 &c. 
Ex. 3. 

Divide .4368 by ,0078 

•0078) .4368 (56. 

39 o- 

468 

468 

/ 

/. 

,£#. 4i 
Divide .052701 by 36 

36) .052701 (.001463 

36 ’ 

167 

144 

230 

216 

1 

To 
t 
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To prove the rule; fince the number of decimals 
in the dividend is equal to the number in both divifor 
and quotient; it follows that the quotient contains 
as many as the dividend exceeds the divifor. 

Again, the quotient contains as many decimals, 
as 12829 (the produdt of 3207. by 4) contains, 
(for there are none in 3207 the divifor) j and that is, 
as many as are in the dividend 13.400, under which 
it Hands to be fubtradted; therefore it follows, that 
the quotient figure 4 is of the fame degree as 9, 
the product of the units place of the divifor, or as 
(o) the figure above it in the dividend. Therefore 
4 the quotient figure is in the 3d place of decimals. 

. " * 1 
2 R U L E. 

To contract the work in large divifions, inflead of 
pricking one down from the dividend, prick one fi¬ 
gure off the divifor each operation *, and in multi¬ 
plying leave out thefe figures prickt off, only you 
muff have regard to what is to be carried from the 
figure laft prickt off. 

Note, if the firfl figure in the quotient begins to 
multiply at the firfl figure in the divifor, then the 
2d begins at the 2d, the 3d at the 3d, c6c. 

76.84375) 630.92878 (8.210541 

. 61475°°° 

1617878 
*536875 

81003 

76843 

4159 
3842 

317 
307 

10 

3 Ex- 

» 
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Explanation. 

Here 8 is multiplied into 76.84375; then 2 is 
multiplied into 76.8437 (carrying 1); then 1 is 
multiplied into 76.843 ; the multiplication of 7684 
by o, is omitted; then 768 by 5 ; then 76 by 4, 
laltly 7 by 1. 

3 RULE. 

To divide by 10, 100, 1000, £s?r. remove the 
feparating point, fo many places to the left hand as 
there are cyphers. 

Ex. 6. 

Divide 32.075 by 10. 
quotient 3.2075 

' . Ex. 7. 

Divide 25.7 by 1000. 
quotient .0257 

r 4 RULE. 

In large divifions, make a table of the products 
of the divifor and all the 9 figures. And then divi- 
fion will be wrought by infpedlion ; for the feveral 
products are eafily taken out of the table, as you 
want them, according to the directions in divifion of 
whole numbers. 

1 0'S • ■ , 

PROBLEM V. 

To reduce or change a vulgar fr aid ion to a decimal 
frail ion. \ 

RULE. 
Add cyphers at pleafure to the numerator, repre- 

fenting fo many places of decimals ; and then divide 
by the denominator, as far as you pleafe. 

G 3 ' E%\ 
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. i 

Ex. i. 
o 
~ to a decimal. 
4 
(.7500, or .75 

.Etf. 2. 

Reduce 134 to a decimal or mixt number. 

7) 4.000000 (.571428 

35. 

49 then 134 = 13.57x428 

IO 

7 

30 
28 

20 

14 

60 
> 56 

~4 &c. 

A -• ‘ . » ■» » • - - A. • ✓; - / * v • 

Ex♦ 

86 RE D U 

Reduce 

4) 3.0000 
28 • • • 

20 
20 

,00 

/ 
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Ex. 3. 

To reduce — to decimals. 
3 

3) 16.00000 (5,333 gv. = 
- 15 ••• 

10 
% 

9 

10 

9 

16 
—t 

3. 

10 

9 

&?r. 

4. 

To change — to a decimal. 
0 243 

V , ■' * 

243) 1.00000000 (.004115 = 

972. 

280 

243 

243 

• 370 

243 

1270 

X2I5 

55 &c- . 
tm ■ » 

Scholium. 

To reduce a decimal to a vulgar fraction, is no 
more than dividing by the greateft common meafure; 
the denominator of the decimal being io, ioo, 1000, 
&e. G 4 PRO- 
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PROBLEM VI., 

'lo reduce the known fart or parts of any integer to a 
decimal. 

RULE.. 
Begin at the laffc part, and reduce it to a vulgar 

fradtion, of the next iuperior denomination, and fo 
to a decimal. Then take that, and the next part, 
if there is any, which alfb reduce to a decimal of 
the next fuperior denomination \ and fo on to the 
Jaft. 

Ex. i. o 

12 

Vv'hat decimal of a fhilling is three half-pence? 

3 half-pence is = i\d. — 1.5J., then — i. = the 
I 2 

fradtion of a fhilling, by dividing, ■— .125 the 

decimal of a fhilling. 
12) 1.500 (.125 

1 2 * * .. _ 
r \ t •—* • 

3° 
- _ 24 

60 
60 

Ex. 2. 
• * 

Reduce 6 s. i\d. to the decimal of a pound. 

Here— of a penny = .25, and 3^. or 3.25 di- 
4 ■ 

vlded by 12, that is, = .270833 the fradion 
12> 

of a fhilling; and 6 s. %~d. or 6.270833 divided by 

20 
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20 (~~~~) k == *31354.166 the- decimal of a 

pound. 
3. 

What decimal of a, hundred weight is 3/. 7#. 
9 02;.; at 14/^. to the (tone. 

9 oz. == •“/£. == .5625 /£., and 

and 

7-5^5 __ 

H 
.5401787?. 

g , —442522 hundreds. 

Hence the following decimal table is made. 

,, * • 

; '• Money-. 
1 /. the integer, 

n. = .05 
1.7. ~ .00416667 
I f. — .00104167 

f 
Averdbfoife weight. 

1 lb. the integer. 
1 02. = .0625 
1 dr. ~ .00390625 

2ln?y weight. 
i/£. the integer. 

1 02. = .0833333 
1 pwt. ” .0041666 . 
1 ^r. = .0001736 

Averdupoife weight. 
1 hundred the integer. 
1 qr. = .25 
1 lb. = .00892857 
1 <52:. = .00055803 

Apothecary's weight. • 
1 02;. the integer. 

1 ir. .125 
1 fcr. = ,0416666 
1 = .0020833 

’ 
Long meafure. 

A yard the integer. 

*/• = •3333333 
1 in. — .0277777 

f 1 » . 

Time. 
1 day the integer. 

1 fo. =,0416666 
1 min.-=. .0006944 
1 fee. = .0000115 

/ 

Square and folid meafure. 
1 in. = .006945, thede- ^ 

cimal of a fquare foot 
1 in. =.0005787, thede- 

cimal of a cubic foot. 

PRO- 
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PROBLEM VII. 

*To find the value of a decimal in known parts of the 
integer. 

RUL E, 

Multiply the decimal by the number of parts con¬ 
tained in the next inferior denomination, gives the 
parts required : and if the decimal cut off be multi¬ 
plied by the next lower denomination, you’ll have 
the parts of that denomination ; and fo on. 

Ex. i. 
How much money is .732 of a pound ? 

•732^ 
20 

14.640s. Anf. 14s. yd. 2 tW* 
12 

7.680 d. 

2.72 f. 

Ex. 2. 
What weight is 5.7305 lb. averdupoife t 

5.7305 lb. 
16 Anf. 5 lb. 11 oz. 11 dr. ^ 

4 383° 

73°5 
■ •• *v t 

11.6880 oz. 
16 

412B 
688 

\ 

/ 

11.008 dr. 
PR O. 
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PROBLEM VIII. 
~ - * > .. i r* % * 1 . ' . / . «*- 

To change a common divifor into a common multiplier. 
1 . •> ... • . , . t . 1 

RULE. 
Divide i by that divifor, the quotient is a multi¬ 

plier. If the divifor be a vulgar fraction, invert it, 
making the numerator the denominator, &c. 

Ex. 1. 

If 2150.4 be a divifor, what is the multiplier to 
effedt the fame thing ? 

.2150.4) 1.000000000 (.00046503 the multiplier. 
86016 • • • • 

' y * f ‘ * r > 

139840 , : 
129024 

I08I60 
107520 ... 
■ / 

64OOO 

64512 

.E*. 2. / / ' - '• . ; , 

If be a divifor, what is the multiplier ? 
o , 

|.) Y the multiplier =1.6 

PROBLEM -IX. 

fo extratl thefquare root of a decimal, or mixt number. 

RULE. 9 

Annex cyphers on the right hand as many as you 
pleafe, and begin at the units place and point every 

3 > other 

\ 
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other figure both to the left and right. Then pro¬ 
ceed to extradt in all refpects as if it was a whole 
number *, and cut off as many whole numbers in the 
root, as there are points in the whole number, and 
as many decimals, as points in the decimals. And 
the operation may be continued as far as you will, 
by adding pairs of cyphers. 

Ex. i. 

Extradt the root of 2211.8209 

2211.8209 (47.03 the exadt root. 
- 16 • • * ' 

S7TT11 

609 . 1 

9403) 28209 ^ 
28209 V,.' 

Ex. 2. 
What is the fquare root of 10 ? 

. . . 1 •- \ . x 7 
10.0000 (3.16227 &V. the root. 

9 * * 

61) 100 
+1 61 

<626) 39° 0 
+ 6] 3756; 

6322) 14400 
' +2 12644 

63242) 175600 
42 126484 

632447) 4911600 
4427129 

•J . JL V 

J 

J $ 1 

• 484471 Ex. 
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\ ' \ 

Ex. 3. 

Extra# the fquare root of .001234 
. . . . 
0.001234 (.0351283362 the root neai;.v 

9 • * * • 

65) 334 
+5 325 

*4 
O

 900 

+ 1 701 

7022) I99OO 

+ 2 I4O44 

70248) 585600 
561984 

23616 

21074 

2542 

2107 

435 
421 

14 
14 

1 

1 

• » r\ ‘ < C f ' 
f*: ** 1 

s; .. -*■ 
.4 

\ 

i 1 
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Ex. 4. 

To extra# the fquare root of 
9 

reduced to a decimal is .777777, &V. 
.' r I. » ' . / 1 •' , ’ 

• • • • 

°-777777 (-8819171, &c. the root. 
64 • • 

168) 1377 
1344 

1761) 3377 
I76l 

I7629) 161677 
* * * I 58661 

3016 
I763 

1253 
1233 

20 

*7 

3 

PROBLEM IX. 

extra ft the cube root of a decimal, or mixt number. 

RULE. 
, y » 

Add cyphers, at pleafure on the right hand, that 
the decimals may confift of 3, 6, 9, 12, £s?r. places; 
and begin at the units place and point every third 

x . - figure 
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figure both to the left and right hand. Then ex- 
trad: the root as if it was a whole number ; and the 
extradiion may be continued as far as you will, by 
ftill adding ternaries of cyphers. At laft cut off as 
many places of whole numbers, as there are points 
in the whole numbers, and the like for decimals. 

Note, if you defire the laft quotient to go true to 
more places of figures, do thus *, add half the laft 
quotient to the laft root, and fquare the fum for a 
divifor, and divide over again. 

Ex, 1. 

Extract the cube root °f 146708.483 
• + • • 

146708.483000 (52.74 the root. 

12 5 

3) 2i7 
25) 72 (2* 52sift root. 
2) 54 2 704=fquare. 
*- 140608 = cube. 
27) 18 

146708.4 
140608 

3)61004 
2704)20334(74 

4 the root 26 19110 

2730 1224 
• 1092 

132 

• Ex, 



/. 

96 CUBE ROOT OF Book L 

>1 

j.;r 

Ex. 2. 

What is the cube root of 2 ? 

.nr ). 
2.000000 (1.259921 &c. the root. 

3) 10 

1) 3 (3 t0° mudi. 
3 

• 11 tiji 

i V. * 

i root = 12 
fquare = 144 
cube = 1728 

a , 

2.000 
1.728 

3)2720 2 root =1259 
J44) 906(60, too fquare =1585081 

7 906 much. cube =1995616979 

I5I 

2,0000000000 
1995616979 

3) 43830210 . 

1585081) 14610070 (92106 

1133 14275926 

1586214) 
• • • • 

334144 
317243 
..1 

1 69O K 

I 5 862 

io39 
951 

88 

/ 
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Ex. 3. 
■ What is the cube root of .0001357 ? 

0.000135700000 (.05138 fsV. the rOot. 
125 

3)ic>7 
25) 35 (1 

/ 2, 27 

27 8 1 root 51 

• • 
fquare 2601 

1357000 
132-651 

cube 132-65 

3)30490 
2601) 10163 (38 

15 7848 

2616 2315 

: 2093 

222 
4.' 

Extrad the cube root of 13*, 
Reduce to a decimal, and the number is 13,666666' 

• • • / 
13.666666 &V. (2.3go &V- f 

J. 
3) 56 
4) 18 , 

JL £6 
5 3 

136666 
22167 

3) 1499'6 
£29) 4998 (90 
11 495° 
550 48 

i root 23 
fquare 529 
cube 121697 

H Or 
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Or thus. 
9° _ 

23+“= 

549-9) 499-8° (9°8? 
•• • 49491 and the root 2.3908 

489 

439 

5° 

23-45° 
23-45 

46900 

7°3 5 
938 

7 

549-9° 
divifor. 

5. 

What is the cube root of 171.46776406 ? 
• • • • 

171.467764060 (5.5 

125 

3) 464 
25-) i55 (5 

2 135 

27 20 

• • 

171.4677 
166 375 

3) 5°927 
3025)16975 (55 

27 15260 

3°52) *7*5 
• 1526 

189 

1 root 5 
fquare 25 
cube 125 

2 root 5 5 
fquare 3025 
cube 166375 

and the root as 5.555 
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Or thus. 
55’ 

+ -275 

3055-312) i%750 (55558 55-2750 
•• * 152767 and the root = 55-275 

16082 2762750 
15276 276375 
-— 11055 

1707 3869 
1528 276 

j79 3055-325 
j53 divifor. 

26 

H 2 CHAP. 
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CHAP. IV. 

Several PraElical Rules in Arithmetic. 

PROBLEM I. 

To refolve a quejlion in reduction, 

REdnftion defcending is when fome integers of a 
greater denomination are to be reduced to thofe 

of a lefs. 
Redu5lion afcending is when the leffer denomination 

is to be reduced to the greater. 

RULE. 

In reduction defcending, multiply continually by 
all the denominations from the given one to that 
fought*, adding to each produdt by the way, thofe of 
the fame denomination with itfelf, if fuch there be. 

In reduction afcending, where the quantity is to 
be reduced to a higher denomination *, divide conti¬ 
nually by all the denominations from the given one 
to that fought. Sometimes both rules mu ft be ufed 
promifcuoufly as occafton requires. 

Ex. i. 

In 415 pounds, how many pence? 

415 
20 * 

8300 
12 

16600 
8300 

Anfwer 99600 pence. 
Ex. 
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% / 

Ex, 2, 
In 3076/. 13J. 11 \d. how many (hillings, pence, 

and farthings ? 
3076-13—- 11^ 

20 

61533 Shillings adding 13 
12 

123077 

61533 

738407 pence adding 11 

4 

2953629 farthings adding 1 

Ex, 
In 354 lb. ooz, 16dw, i5gr, how m^ny grains? 

12 

708 
354 : ' - 

4248 ounces 
20 * 1 

84976 pennyweights 
24 

3399x9 
169952 

/ 

2039439 gra'1Ils 

H 3 
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Ex. 4. 

In 48067 ounces averdupoife, how many hundred 
weight ? 

14) 8) 
16) 48067 (3004lb. (214/. (26C, 6Ji. 2 Ik 3oz. 

48* •• 28** 16 • 

067 20 54 
64 14 48 

8 

Ex. 5. 

In 11923 pence, how many pounds? 
20) 

12) 11923 (993 {hillings (49 pounds. 
108•• 8o* 

112 193 

108 icq An£ 49/. 13J. yrf, 

7 

1 
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Ex. 6. 

In 207/. 15s. 6d. how many pieces (at 7s. 7,\d. 
per piece) gowlands (at 7 pieces per gowland) and 
ringlets (at 11 gowlands a ringlet) ? 

js. 3id. ' 207/. 15J. 6d, 
12 20 

■*«7 ' 

2_ , 

l75 
halfpence 

4155 

12 

8316 

4i55 

49866 
2 7) *0 

J75) 99732 (5% pieces 4(8i gowl. (7 ring!. 
8755^ 77 
1223 9 4 

iQ5° _7 — 
1732 2 

1575 — 

i57 

JE*. 7. 
If 27 pounds be divided among 31 perfons, what 

is the lhare of each ? 
27/. 
20 

31) 540 (17*. $d. of: anfwer. 

31 * 
230 
217 

~^3 

12 

31) lS§ (5 
i55 

, 4 
3i) 4 (o 

h!4 
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Ex. 8v 

In 8769 dollars, at 4s. yd. per dollar, how many 
groats, ftiillings, crowns, and pounds? 

4 j. 7 4* 8769 

12  55 

55 Pence 43845 
43845 

4) 482295 O20573 gloats, 
rem. 3 pence 

5) . 4) 
3} 120573 (40191 fhil. (8038 crowns (2009 pounds, 

o 1 rem. 2 rem. 
The proof of reduction is to work the queftion 

backwards. 

PROBLEM II. 

T0 refolve a queftion in the rule of three. 

Here are three numbers given to find a fourth in 
proportion. If a greater number requires a greater, 
or a lefs requires a lefs, it is called the rule of three 
direct. 

But if a greater requires a lefs, or a lefs requires 
a greater number j it is called the rule of three inverfe% 

I. A GENERAL RULE. 

1* To ftate the queftion, place the three given 
terms fo, that the firfi and third may be of one name, 
the third being that which afks the queftion. And 
the fecond mu ft be of the fame name with the fourth 
term fought. And let them be reduced to their 
Joweft denomination, where the firft and third muft 
be of the fame. 

2. Then fay, if the firft term give or require the 
fecond, what does the third give or require. If more 
be required, mark the Ufjer extreme; if lefs be re¬ 
quired, mark the greater extreme, for a divifor. 
Multiply the other two numbers together, and divide 

2 by 
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by this divifor. The quotient is the anfwer, of the 
fame denomination with the fecond term. 

3. What remains will either make a fradtional part; 
or it muft be reduced to a lower denomination, and 
divided as before. 

Ex. 1. 
If 18 lb. of Sugar coft 12 fhillings, what will 150 

coft? lb. Jh. lb. 
18 : 12 : : 150. 

Here, if 18 lb. coft 12 {hillings, 1501b. muft coft 
more, therefore divide by 18 the lefier extreme. 

* 18 12 150 
12 

3°° 
150 

18) 1800 (100 fhillings 
18 * 

00 

20) 100 (5/. the anfwer. 
100 

% % 

Ex. 1. 
If 35 yards of cloth coft 39/. 7J* how many 

yards may be bought for 19/. 2 s. 6d.? 
* 39/. js. 6d. : 35yds. : : 19I. 2s. 6d. 

20 : 20 * 

78 7 > 3%2 
12  12 

945° ’ 35 : : 459° 
_3£ 
22950 

; . 1377° 
9450) 1606 50 (17 yds. anfw; 

945° * 

66150 
66150 

- • * Ex', 
✓ 
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Ex. 3. 

* If 4°t$. of tobacco cod 3/. how much can I 
buy for 7/. 15J. ? 

* 3/. : 40/£. 802;. : : 7/. 
20 16 20 

60 ; 648 ; : lS5 
*55 - 

3240 
3240 
648 
*-- 16) 

60) 100440 (i674 0unces (104®. 10 gz> 
16 • • 

that is 3 

v 

74 - —• 
64 

10 
»T » 

Or thus by vulgar fractions. 

: 4o'i : : ri ■: 
81 • ___ ■ . 31 . 
2 • • ♦ 

4 
- 81 4 

3i • 2 

81 
-243 

8 

z= 104 {Ik. 
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Or thus by decimals. 

3I. 40.5/^. : : 7-75l- 
40.5 

1875 
3100 

3) 2l3s75 (104.625 = 104/. iosz. 
l6 

3750 
625 

10.000 

Ex. 4. 
If 6 men be io days in finifhing a piece of work, 

how long will 8 men be ? 
6m. : ioi. : : %m. * 

Here 8 men will be lefs time than 6, therefore 
more requires lefs; and 8, the greater extreme, is the 
divifor. 

6 : io : 8 * 
6 

8) Go (7t = days. 
56 

4 

Ex. 5. 
If I lend a perfon 300/. for a year, how long ought 

he to lend me 5001. to requite me ? 
300/. : 365^. : 500/. * 

30° 

5|oo) 1095I00 (219 days. 
Here lefs time is required, and 500 the divifor, 

by the inverfe rule. 
' Ex. 
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Ex. 6. 

How many yards of cloth, a yard and a quarter 
broad, will line a piece of tapeftry 10 yards long, 
and 3f broad? 

7 / 
2 0 

that is, 
lol. i : i\b. * 
io : : l *. 

t 

5 \ 72 /252 
4 / 2 V io = 2% yds. 

2 Rule for contracting the work. 

When the divifor and either of the other terms, can 
be exactly divided by fome common divifor; then 
divide them, and take the quotients inftead of thefe 
terms. And proceed thus as oft as you can. 

Ex. y. 

If 63 gallons of brandy coft 42 /. what will yz 
gallons coft? Here 63 is the divifor. 

Divide by 9) * 63 : 42 : : 72 
7) * 7 : 42 : : 8 
*1:6:: 8 : 48/. anft 

Ex. 8. 
There is a pafture which will feed 18 horfes for 7 

weeks; how long will it feed 42 horfes ? Here 42 
is the divifor, and the rule inverfe. 

7) 18 : 7 : : 42 * 
6) 18 : 1 : : 6 * 

3 : 1 • : 1 * : 3 weeks; anfwer. 
8 

>)3 (3 

If 4 of a yard coft 
yard coft? 

Ex. 9. 
27 fhillings; 

1 \* •? 

t) t 27 
2.7 

9 

what will .J- of a 

63 r. anfwer. 
' The 
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The proof is made by multiplying the quotient by 
the divifor, adding the remainder; which mult be 
equal to the produd of the other two numbers. 

/ / . t * t 

P R O B L E M III. 

T0 refolve a quejiion in the double rule or compound rule 
of three. 

RULE. 

1. Here, as in the fingle rule of three, put that 
term into the fecond place, which is of the lame de¬ 
nomination with that fought*, and the terms of fup- 
pofition one above another in the firft place; alfo the 
terms of demand in the fame order, one above an¬ 
other, in the third place. Then the firft and third 
of every row will be of one name, and mull be 
reduced to the fame denomination, viz. the loweft 
concerned. 

2. Then proceed with each row as with fo many 
feparate queltions in the fingle rule of three, in order 
to find out the feveral divifors; ufing the fecond term 
in common for each of them. That is, in any row, 
fay, if the firft term give the fecond, does the third 
require more or lefs ? if more, mark the lejfer extreme; 
if lefs, the greater, for a divifor. 

3. Multiply all thefe divifqrs together for a divifor; 
and all the reft of the numbers together,for a dividend. 
The quotient is the anfwer, and of the fame name 
with the fecond term. 

4. To contract the work, when the fame numbers 
are concerned in both divifor and dividend, throw 
them out of both. Or divide any numbers by their 
greateft common divifor, and take the quotients in- 
Head of them. 
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/ Ex. t. 

If 16 horfes in 6 days eat up 9 bulhels of oats 5 
how many horfes muft there be to eat up 24 bulhels 
in 7 days ? 

* gb.-16&——24 b. 
6d.-- yd. * 

9 

63 divifor 

24 

16 

144 
24 

3S4 
\ _6 

63) 2304 (3644 horfes5 anfwer. 
189 • 

414 

37s 

36 

Explanation. 

Say, if 9 bulhels ferve 16 horfes, 24 bulhels will 
ferve more horfes, therefore mark the lelfer extreme 
9 for a divifor. 

Again, fay if 6 days require 16 horfes to eat up 
any quantity, 7 days will require fewer horfes to eat 
them; fo mark the greater extreme 7 for divifor. 

Then 9 x 7 = 63 for divifor, and 16 x 24 x 6 
= 2304 for a dividend j and the quotient is 3644 
horfes = 364. 
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Ex. 2. • • • 1 ' 

If 9 ftudents fpend 12 pounds in 8 months, how 
much will fervc 24 ftudents 16 months? 
*gfl.-12/.-24/. 
*8m.'-16 m. 

7% *44 
24 

384 
12 

768 ( V 

384 

72) 4608 (64 pounds* anfwer. 

432 * 

288 
288 

Or thus by contraction. 

3)* 9 ft-- -12/.» -—24/. 
8 -160?* 

And further♦ 

3)*3- — 12— -S 
*1 —2 

and then *1 — — 4 —8 
*1— —2 

divifor 1 16 

4 
<., - 

64 anfwer, 
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Ex. 3. 
If 8 men be 6 days in digging 24 yards of earth; 

how many men muft there be to dig 18 yards in 3 
days? m. 

-8- 

d. 

* ly 

divifor 1 

3) 6— 
6)*24y.— 

Contracted. 
2 d.-8 m.-1 d. 

4) *4 y--3J- 

Further contracted. 
2d.-2»,*—ii* 

-3> 
2 

* 

i8y. 

6 
2 

12 men; anfwer. 

Ex. 4. 
If a garrifon of 6000 men may have each 15 

ounces of bread to laft 16 weeks, how much muft 
5000 men have a-piece to laft 24 weeks ? 

1000) 6000 m.-1 $oz.-5000 m. * 
8) 16 w.- 

3)6' 
2* 

24W, * 

Contracted. 

■*5‘ 

Further contracted. 
t 
1 

2■ 
2 

1 divifor 

1 3 
1 2 

7 
2 

Anfwer 12 ounces. 

Ex. 
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. Ex. 5. 
What principal will gain 20 pounds in 8 months, 

at 5 per cent, per annum ? 
12^.--100/.—— 8 m. * 

5g• ■20^. 

Here the - principal is 100/. and the time 12 
months. 

Dividend ==I2X 100X20 __ 3X100X4 

Divifor = 8X5 
< 100 

I X I 

■= (by contra&ion) 
2x1 

3 x 100 x 2 v 
— *-= 600/. principal, the anfwer. 

Ex. 6. 
If the carriage of 5 hundred weight coft 3/. js. 

6d. for 150 miles, what will the carriage of j\ 
hundred weight come to for 64 miles.? 

5b.--3/. js. 6d.—2—yb. 3^. 
* -64 w. 

-3*2- 

150 aw. 
reduced * 20— •8iod.- 

150 m. • 
Dividend 810 x 31 X 64 
Divifor 
10 

64 

20 X I50 

27 

50 

31 

27 
8l 

s37 
_3*_ 

1674 
2511 

5jo) 2678)4 (535 pence 

3+ 
4 

27X3IX32 , 
——by contraction. 

10 x 5 J 
20 

i2)535 (44 <hiU. (2 pnds. 
48 • 40 

55- 4 
48 — 

Anf. 2/. 4j. 7^. 

50) 136 (2 
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Ex. 7. 
If the carriage of 150 feet of wood, that weighs 

3 ftone a foot, comes to 31. for 40 miles, how much 
will the carriage of 54 feet of free ftone, that weighs 
8 ftone a foot, coft for 25 miles? 

* 15°/*-3l--54/- 
3ft-8/. * 

* 40 m. 2 5 m. 
Dividend 54 X 8 X 25 X 3 _ 54x1x25x1 

Divifor 150X3X40 “ 150X1X5 

- 54 - 

54 x 5 
150 

3P 10 10) 18 (1/. i6j. anfwer. 
10 

8 
20 

tto) 160 (t6 

160 

Ex. 8.. 
If 248 men, in 54 days of 11 hours each, dig a 

trench of 7 degrees of hardnefs and 23 24 yards long, 
3.4 wide, and 24 deep*, in how many days of 9 hours, 
will 24 men dig a trench, of 4 degrees of hardnefs, 
and 327t yards long, 54 wide, and 3* deep ? 

248 m.-54d.-24m. * 
. 11 h. -.—■ 9 h. * 

7 deg.-4 deg.- * 
* 
* 
* 3tw* 

24 deep 

337H 
—5tW. 
— 3i 

fiividend 248.1 i-7-5y-337»-54-3‘~ _ reducing) 
Divifor 

11 675 7 28 
248.11.7.—— 
^ y 2 2 2 5 

4654^7 

2 

23^i*3'j*2i*24*9*4 

248.11.7.11.675.7.28 2.9 

--—.— x — 

465.11.7.24.9.4 8.5 

3 T*4*9'* 

1 
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_ 248.11.675,7.28.2 __ 3I.II.675.7.28 
465.24.4.8.5 465.24.2.5 

-- 3l-**-J3S-7-7 _ II,27-7-7 _ n»9-7-7 __ u.3.7.7 
93.6.2.5 3.6.2 6.2 ~ 2.2 

= -~— = 4°4t day5r t^le anfwer. All this by 

throwing equal quantities out of both numerator and 
denominator. 

The proof of this rule is* by multiplying the quo¬ 
tient and all the divifors together; whofe produdt 
muft be equal to the produd of all the other num¬ 

bers, whtn the work is right. 

S c h n 1 u ji. 

Any quedion In the compound rule of three may 
alfo be refolved at feveral operations, by the fingle 
rule of three, but With more labour, thus: 

The quedidn beihg rightly dated, take the three 
terms in the fird row, and find a fourth term, by 
the fingle rule* Make this the fecond term in the 
fecondrow; from thefe three terms in the fecond 
row find a fourth term. Proceed thus to the lad. 

As if the quedion in Ex. i. was propofed, fay, if 
9 budiels ferve 16 horfes any time, how many horfes 
will 24 bulhels ferve for the fame time; they will 
ferve more horfes, and therefore 9 is the divifor, and 
the anfwer is 42-} horfesj 

Again fay, if 6 days require 424 horfes to eat up 
any quantity, how many do 7 days require. Here 
fewer horfes ate required, therefore 7 is divifor, and 
the anfwer is 364 horfes. 

P R P B L E M IV, 

To refolve a queftion hy the rule of practice; 

When a quedion in the rule of three has 1 for the 
fird term, it is more expeditioudy refolved, by rak- 

I a ing 
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ing fome aliquot part or parts of the thing propofed: 
and this is called the rule of practice. 

I. A GENERAL RULE. 

Firft value the integers, obferving to multiply in¬ 
tegers by integers; and for the inferior denomina¬ 
tions take what aliquot part you can get, and for 
what is wanting take parts of that part, and fo on. 
Then fum up the whole. 

Ex. i. 

What will 37 c. 3£. 12 lb. come to, at 5/. 15/. 
7 id. the hundred weight ? 

515St 7*^- 

37 c- 34- 12 lb 

185 0 0 . 37c' , at 5/, 

18 10 0 . 37 at \0‘S. 

9 5 ' 0 . 37 at 5 s. 

37c- at is. - - 1 /. 17 s. 18 6 . 37 at 6d. 

4 7%i 37 at 1 id. 

2 i7 9h price of 4-c. 

1 8 I I . pr. or I q. 

price of jq. - - 4 ir 12 4r* pr. ol 1 lib; 

tot. 2i3 ' 17 2^. anf. 

Explanation. 

Firft I multiply 37 by 5 gives 185/. Then fince 
"2 II w 

1$s. is A 0f a pound, or — and — of that. There- 

fore I take half 37 which 18/. roj-. and half of that 
which is 9/. 5*. and the fifth part of 9/. 5J. is il. 
ijs. the price at is. the hundred weight. Then be- 
eaufe y~ d. is the half of a fhilling, and a fourth of 
that half. Therefore half of 1 /. iys. is i8j. 6d. and 

— of that is 4s. 7Id.: fo now the integers are valued. 
♦ . Then 
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Then ~ of a hundred being a half and half of that 

half, I take half of 5/. 15 s. 7~d, which is 21. 17^. 
and half that li. Ss. nd. Laftly, fince 12#. 

12 9 j 

is ^ or y of a quarter, I take y of il.Ss.i id.which 

is 4-s. 1 ±d. and triple that is 12 s. 4\d. the price 
of 12 pounds. And the fum of all thefe, is 2x8/. 
1 js. 2\d. 

Particular RULES. 

2 RULE. 

Sometimes the value may be eafily found by 
reckoning the price fome even number above what 
is given, which done, take fome aliquot part for 
what it is above, and fubtrad it from the former. 

Ex. 2. 

If a pound of tobacco colts nd. what is a hun¬ 
dred weight ? 

s. d. 
112/. (at ij.) — - 5 12 o 

112/. (at id. is fubt. 094 

528 anf. 

3 RULE. 

When the price is fhillings, or pounds and (hillings. 
Firft multiply the quantity by the pounds, if there be 
any *, then multiply by half the (even) number of 
lhillings, obferving to write double the product of 
the firft figure for lhillings, and the reft of the 
produd for pounds. And for an odd fhilling take 

i of the quantity. 

I 3 

1 

Ex.- 
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Ex. 3. 

What comes 413 yards to, at 2 fhilling a yard ? 

413 
1 

Anf 4il. : 6j. 

Ex. 4. 

If an ounce cofts 12 fhillings, what will 76 coft? 
76 

6 

Anf. 45/. : I2X, 

ifo. 5. 

What is the price of 796 grofs, at 13 s. the grofs ? 
736 

6 

477 : ,12 at J2 fhilling$. 
39 : 16 at 1 fhilling. 

Anf 5 j 7/. : 08 j. 

i£y. 6. 
If a hundred weight coft 2/. 17^. what will 238 coft? 

238 
2 

17 

476 00 at 2/. 
190 08 at i6j. 
II 18 at 1 

Anf. 678 6 
/ 

- »' 

4 RULE 
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4 RULE. 
i 

When the price is pence, or (hillings and pence. 
Multiply the quantity by the fliillings, if there be any. 
Then for the pence take fome aliquot part or parts of 
the quantity propofed. 

Ex. 7. 

What comes 472 ounces to, at 8 d. an ounce ? 

3) 472 (157*. 4</. at 4<i. 
157 4 . at 4d. 

. 
0 

20) 3I4J. 

Anf. 15/. 14^ 

Ex. 8. 

What will 74 yards of cloth coft, at 13 s. $d. the 
yard ? 

74 
13 9 

222 

962 o at 13 s. 

2) 74—37 ° at 6<*- 
4) 74-18 6 at 3<f. 

‘ — 

20) 1017/. 6d. 
* " 1 *' " 

Anf. 50/- i7J* 

£>. 

\ 
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Ex. 9. • , • > 

What comes 150 hundred weight to, at 2/. 1 is. 8\d. 
or 51 s. 8 d. the hundred ? J * 

i$o 
51 8 

150 

75° 

7650 i, 
2) 150 — 75 

3) 75 —- 25 

■ 2o-) 775°^ 
Anf. 387/. ioj. 

5 rule. 
When the price is an aliquot part or parts of a 

pound; then take fuch aliquot parts of the quantity 
propofed. - ^ 

Ex. 10. 

What does 63 gallons come to, at 5 fhillings a gallon ? 

/. j. 
4),63 (15 : 15 anf. 

» % 
* * ~‘W . „ v * • 

-Etf. II. 

If I gain 135. 4 d. for a dozen, what do I gain for 
100 dozen ? 

3) 100-33 6 8 at 6j. 8^. 
' 33 6 $ 

mm,mi ■■■■■■ 1 

Anf. 66 13 4 

6 RULE. 

/ 
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6 RULE. 

If farthings be concerned in the price, take fuch 
aliquot parts as you can find j or parts of aliquot 
parts. / 

Ex. 12. 

What comes 371 gallons to, at 13Id. per gallon? 

s. d* 
371 o at 1 fhilling. 

8) 371-46 4i at lid. 
_.__ _ 

20) 417 4i 
. Anf. 20 17 • - 4t 

Ex. 13. 

How much money can I get for 347 French crowns, 
at4s. 5id. a piece? 

347 
4 5t 

1388 o at 4r. 
3) 347 • • (4) 115 8 at 4</. 

4) 28 9 at i</. 
7 , 2i ati J 

— 1 1 i 

20) 1539 '7i 
Anf. 76 19 7^ 

The proof of this rule is to work the queftion by 
different methods. 

t 
/ 

S C H O L I V M. 

Other queftions that may occur, are eafily refolved 
by the rules of compound multiplication. 

When it happens that the firft term is more than 
1; work by the foregoing rules as if the firft term 

was 
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was i; and at laft divide by that term, according 
to the rules of compound divifion. But fuch que- 
ftions. as. thefe are bell refolved by the rule of three. 

P R O B L E M V. 
refolve a quefiion in the Jingle rule of fellowjhip. 

*fhe ftngle rule of fellowjhip, is that which deter¬ 
mines how much gain or lofs, is due to every partner 
concerned; by having the whole gain or Jois, and 
their particular flocks, given. 

I* A GENERAL RULE. 
r I t | 

Say by the rule of three, as the whole flock : is to 
the whole gain or lofs :: fo is every man’s particular 
Hock : to his particular part of the gain or lofs. 

* ^ 

Ex. i. 
Two partners A, and B, make a flock of 56 

pounds; A puts in 24/.; and B 32/. They gain 
7/. by trade. What is the gain of each ? 

24 

JL 
(1) 56 : 7 : : 24 

7 

56) 168 (3/. = A’s gain. 
168 

» * T 

(2) 56' : 7 : : 32 
7 

56) 224 (4/. *t= B’s gain,-. 
224 

V f/ 

l 

V. 
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V . *. } • 
£.v. 2. 

Three men A, B, C, freight a Jfhip with wine; A 
had 284 tuns; B, 140, and C, 64. By a ftorm at 
fea, they were obliged to caft 100 tuns overboard. 
What lofs does each fuftain ? 

A 284 
B 140 
C 64 

{1) 488 : 100 : : 284 
100 

488) 28400 (58^tuns =:A’sloIs. 
2440* 

4000 
39° 4 

96 

(2) 488 : 100 : : 140 
100 

488) 14000 (284-Jrtuns^BVlofs.1 
976 • 

4240 

39°4 

33^ 

(3) 488 : iqo :: 64 
100 

488) 6400 (i3¥VV 
488- - 

1520 
I464 

_ 

56 2 RULE 
1 

I 



j24 SINGLE RULE O F Book L 

2 RULE. 
Where many partners are concerned j find the fiiare 

of i integer, by dividing the whole gain or lofs by 
the whole Hock, and the quotient will be a common 
hiultiplier; by that multiply every man’s part of the 
Hock, and it will give his fiiare of the lofs or gain. 

Ex. 3. 
Four men trade together, A puts in 2001. B 15°> C 

8 5, D 70 5 and they gain 60 /. W hat is the fiiare of each ? 
A 200 505) 60.0 (.11881 a common multiplier. 

B 150 .505 
C 85 7—• 
D* 70 95° 

- ‘ 505 • 

505 -- 
445° 
4040 

4100 

4 i 1 SB1 

200 

4040 
.. r : : 70; ; 

600 

.11881 .11881 

150 85 

% 
... ^ / ■ \ * 

w *'V ^ j 

.11881 

70 

23.762)00 59405 59405 8.31670 

20 1188* 
/ 

95048 
• v 

20 

15.24 
* 

17.82150 IO.O9885 6.334I00 

12 20 20 12 

2.88 i6.43|oo 

12 
I-977l°° : 

12 

4.008 

• 516'. 1 11.724 * 

A gains 23/. 15J. 2,gd. 
B 17 16 5.2 
C 10 1 11.8 
D 8_6 4ri n 

* "'J 60 o o ' 

/ 
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Ex. 4. 

Five captains plundered the enemy of 1200L 
The fir ft had 20 men, the fecond 40, the third 55, 
the fourth 55, the fifth 70. What muft each-cap¬ 
tain have in proportion to his number of foldidrs ? 

11 20 240) 1200 ( 

2 4O 
1 i 1 , i 1200 

3 55 ! v, 
4 55 
5 70 j 

[20 40 

240 i 5 
—i—- 

5 . 

' 
• v I 

i bo/. 200/. 

the frrfl gets 
the fecond 
the third 
the fourth 
the fifth 

100/. 
200 

2 75 
275 
35° 

I2CO 

55 
5 

! 275/. 

i 

70 

‘5 

35° 

3 RULE. 
When there are a great number of partners; the 

beft way is to make a table, after this manner. 
Divide the gain or lofs by the whole flock, to find 
what is the gain or lofs of 1. Then by continual 
addition of this, make your table as far as 10; 
then by the continual addition of the gain or lofs of 
10, continue the table through all the tens to 100: 
add in like manner, for all the hundreds to 1000, if 
there be occafion. Then you have no more to do, 
but take every man’s fhare out of the table (at once 
or oftener) and write it down. 

Ex. 5. 
There is a certain townfhip, which is to raife a 

tax of r.6l. %d. To find what each much pay 
towards 
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towards it, the inhabitants being rateci as in the 
following table. 

Perfons* Rent; Perf. Rent. Perf. I Rent. 
- . . • /. /. s. /. s. 

A 150 I 3° R , 4 
B 125 K 24 s 3-10 
c 100 L 15-10 T 3 
D 100 M 12 V 3 
E 87 N 12 u 2 
F 80 O 12 w I-IO 
G 63 P 7 X I-IO 
H 40 Qi 5-10 Y I 

z • I 
745 II 8 O 

20 IO 
< 

118 0 
' 

r; - 745 0 

’ 

* 

883 10 
■ t 

Here 883/. ioj. == 883.5/. 
and 56/. 8/. 3^.= 56.4125/. 

883.5) 56.4125 (.0638513 
53010 • 20 

34025 1.277026b 
26505 1 2 

7520 3*324312 
7068 4 

452 1.297248 
441 

115 
88 

\ 

27 
So 
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So il. is ts„ 1.297/. whence the following 

table is made. 

£ £ s. d. /• 
O 0 7 2.648 

1 O 1 3. j.297 

2 O 2 6 2.594 

3 O 3 9 3.891 

4 O 5 1 1.188 

5 O 6 4 2.485 

6 O 7 7 3.782 

7 O 8 11 1.079 

, 8 O 10 2 2.376 

9 O 11 5 3-673 

IO O 12 9 0.97 

20 l 5 6 1.94 

30 X 18 3 2.91 

40 2 11 0 3.88 

50 3 3 10 0.85 

60 3 16 7 1.82 

70 4 9 4 2.79 

80 5 2 1 3-76 
9° 5 14 

% . 11 °-73 

100 6 7 8 *•7 
200' 12 *5 4 3-4 
300 ip 3 1 i-t 

»~ £ ■ 
Hence the (hare of A for roo is 6 7 8 1.7 

for 50 is 3 3 10 0.85 

total (hare of A 9 11 6 2.55 
-- - — -- 

The (hare of B , , 
£ . s. d. /. 

for 100 6 7 8 1.7 
20 156 1.94. 

5 064 2.48 

Whole fliare of B 1 19 7 2.42 an* 
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and fo on with the reft *, whence we get the follow-* 
ing bill. ' : v £> 

, N 
£■ s. d. /. £ s. d. /• 

A 9 11 6 2-55! O 0 15 3 3-56 
B 7 19 7 2.12: p 0 8 11 1.08 
C 6 7 8 i-7°| CL 0 7 0 
D 6 7 8 1.70' R 0 5 1 1.19 
E 5 11 1 0.84 S 0 4 5 2.54 
F 5 2 1 376 T 0 3 9 3.89 
G .4 O 5 I-7I V 0 3 9 3-89 

H 2 I I 0 3.88 U 0 2 6 2.59 
I I 18 3 2.91 w 0 1 10 3-95 
K I IO 7 3-I3 X 0 1 10 3-95 
L* O l9 9 2.11 Y 0 1 3 1.30 
M o 15 3 3-56 z 0 1 3 1.30 

N o 15 3 3-56 
—— 

V 

2 17 5 2-37 
1 53 10 9 i-53 £ ' / 53 10 9 i-53 

1 * 

56 8 2 3-9 
true to the icth 

: .. ;. 
V. 1 f- , part of a farth. 

The proof is made, by adding together all the 
fhares, which muft be equal to the whole gain or 
lofs. 

• • - . . . • i i, 

PROBLEM VI. 

To refohe a qiieftion by the double rule of fellowfhip* 

The double rule of fellowfhip, is that whicli deter¬ 
mines how much gain or lofs is due to every partner 
concerned ; by having the whole gain or lofs, and 
the particular ftocks, and their times of continuance, 
given. 

i RULE. 
Multiply every man’s ftock, by the time it is 

employed ; then by the rule of three, fay, as the fum 
of thefe produdts: to the whole gain or lofs: : fo each 
of thefe produdts : to each man’s gain or lofs. 

q Ex* 
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~ - Ex. 1. 
* . ■* % tt''* ' 

Three merchants. A, B, C, enter into partnerfhip. 
A puts in 65/. for 8 months; B 78/. for 12; and C 84 
tor 4 months, and 6/. viz, 90/. for 2 months. They 
gain 166 l.\2s. What is each man’s fhare of the gain ? 

65 78 84 90 520 
8 12 'w 4 2 

b 1 

A —520 13=936 

1972- 

A r • «s *r <r 

.0 ml 

•i 66.6. 
520 

33320 
8330 

226 ISO 

- .336 
C = 516 

936 
516 

1972 

■520 

0.0- j 1 T - 

i 
; A * ? ■ 

! Si. J 
^1 -i r\ 

■ » . r. 
wjL .j j .. 

V* 2 

1972) 86632.0 (43/. ifo. jid. for A. 
7888- ‘ ' -iC 

1 v 

. li . .■ ‘ 
7752 

5916 

7^6 
20 

1 

1972) 36720 (18 
1972 * 

17000 
IJ776 

1224 
12 

, 1, 

r f 

Y T 
I 

1972) 14688 (7tV 
13804 

884 
K Again, 



»3° 

Again, 

FELLOWSHIP. 

1972-166.6-—936 

936 

Book I. 

9996 

4998 
14994 

i972) 155937-6 (79-tVt — 79 ^ iS- 
13804- for B. 

17^97 
i7748 

149 

Laftly, 1972 — 166.6/. — 516 43/.:iij.:io^. 
for C. 

Ex. 2. 
Four men, A, B, C, D, hold a pafture in common, 

for which’they pay 601. A had 24 oxen 32 days; 
B 12 oxen 48 days ; C 16 oxen for 24 days; and B 
had 10 oxen for 30 days. What rauft each pay ? 

24 X 32 = 768 
12 X 48 = 576 

' 16 x 24 = 3g4- ‘J I # ■ ' ■ 

10 X 30 = - 3oq . ** 

2028 ~ - ■, r‘ % r 
\ 1 fc . ■ 

Then 2028 : 60/. 
m ■ « 1— tmmm 0 * * f *** 
: fo each produ£t: to its fhare. 

That is 169 : 5l- : 7§8 • 22-A~ 

and 169 : 5 •• 576 * i 7t-W 

169 : 5 ■ 384 * 11 • x aT6 y 

169 : 5 : 300 • 0 » 4- 8 
* O I'S'y , 

& 
Hence there is paid by A, 22 14 Si 

B, 17 0 10 
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/ 

2 RULE. 

When many people are concerned; divide the 
whole gain or lois, by the firft term or fum of the 
produ<5ts ; the quotient is a common multiplier, by 
which multiplying the ieveral produfts, you’ll have 
the Ieveral ihares. 

Ex. 3. 

Four merchants trade after this manner. 
A puts in 100/. for 8 months. 
B puts in 80/. for 5 months, and then puts in 40/. 

more for 3 months longer. 
C puts in 176/. for 4 months, and then takes out 

50/. for four months more. 
D puts in 230/. for 6 months, and then takes out 

the whole. 

They gained 2121. ioj.5 then what is the gain 
or each merchant. 

The feveral produfts of the flock and time will be 
as follows. 

xoo X 8 - 800 for A. 

80 x 5 - 400 
*20 x 3 -~ 360 

760 for B, 

176 x 4 - 704 
126 x 4 fubt. 504 

1208 for C 

230x6--1380 for P. 

fum 4148 

Ki 4148) 
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4148) 212.50 (.05123 the (hare of 1 pound being 
a common multiplier. 

.05123 
800 

.05123 
760 

.05123 
1208 

■05123 
1380 

40.984 
for A. 

30738 

35861 
* 

4O984 
61476O 

40984 

15369 - 

5123 

70.6974 
for L). 

38-9348 

for B. 
61.88584 
for C. 

1, . • „ 

1. 
Hence A’s lhare is 40 

B’s 38 
C’s 61 
D’s 70 

s. d. 
19 8 
18 8i 
17 8t 
13 11i 

<T'he proof is had, by adding all the parts of the gain 
or lofs together, which muft be equal to the whole. 

PROBLEM VII. 

o refolve a qusftion in the rule of alligation medial.' 

Alligation medial teaches how to find the mean rate 
of a mixture, when the particular quantities mixt, 
and their fcveral rates are given. 

R U L E. - -- 

Multiply the quantities of the mixture by their 
refpe&ive prices, and divide the fum of the produ&s 
by the fum of the quantities, gives the mean rate. 

' Ex. i. 
A man would mix io bulhels of wheat, at 4 

(hillings a bufhel, with 8 bulhels of rye at 2 s. 8d. 
a bufliel. 
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a bufhel. At what price muft the mixture be 
fold? 

£■ d. 
j o X 48 = 480 the wheat, 

g X 32 = 256 the rye. 

18 736 

18) 736 (40!, or 3 s. $d. a bufhel very near, 
72 4 the price of the miflegin. 

16 
o 

16 ' < 

Ex, 2. 

A vintner would mix 30 gallons of Malaga, at 
ys. 6d. the gallon ; with 18 gallons of Canary, at 
6 s, gd.; and 27 gallons of white wine, at 4s, 3d. 
how muft the mixture be fold ? 

gO X 30 27OO 

81 x 18 — 1458 
51 x 27 = 1377 _ . 

75) 5535 (73\d. or 6s. 14-d. per gallon. 

525' . 

285 
225 

_ I 

<60 

The proof is made, by finding the value of the whole 
mixture at the mean price •, which muft be equal to 
the total value of the feveral ingredients. 
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PROBLEM VIII. 
ref Give a quefiion in the rule of alligation alternate. 

Alligation alternate fhows how to find the particular 
quantities concerned in any mixture ; when the par- 
ticular rates of each fort, and alfo the mean rate, are 
given. 

Preparation. 

Set down the feveral rates in order 
from the greateft to the lead, as the 
letters a, b, r, d ; and the mean price m c J ) r 
(m) behind in its due order. ds 

Couple every two rates together by an arch, fo as 
one rate may be greater and another Ids than the 
mean, till they be all coupled. Where note, that 
one rate may be coupled with feveral others one by 
one, as olt as you will. 

Take the difference between each rate and the 
mean rate, and place it alternately, that is, againft 
ail its yoke-fe]lows. Do thus with all the rates; 
then the differences will ffand as p, q, r, s. When 
feveral differences happen to ffand againft one rate* 
add them all together. Then, 

i R U L E. 

When no quantity is given of any of thefe forts ; 
the numbers (or differences) ffanding againft the 
feveral rates, are the quantities required. 

Ex. i. 

A man would mix wheat at 4s. a bufhel, with 
rye at 2 s. Sd. a bufhel; to fell it at 3 s. 6d. per 
bufhel. How much of each muff he take ? 

d. 
\. 

10 bufhels of wheat 7 
6 bufhel s of rye, j the anfwer. 
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/ 
Ex. 2. 

A vintner would mix Malaga at 7 s. 6d. per 
gallon, with Canary at 6 s. yd. and white wine at 
4s. 3d.\ to fell it at'55. 2d. per gallon. What 
quantity of each muft he take ? 

d. 

9°^\ 1 I I I qrts. Malaga 

8l-> ) I I II Canary 

51JS 19.28 47 w. wine 1 anfwer. 

Explanation of Ex. 2. 

The difference between 62 and 51 is 11, which I 
fet againft 81, and alfo againft 90. The difference 
between 62 and 81 is 19, which I place againft 51. 
The difference between 62 and 90 is 28, which I 
alfo fet againft 51. Then 19 added to 28 is 47. 
So the differences, to work by, will be 11, 11, 47. 

2 RULE. 

In alligation partial, where one of the quantities 
(to be mixed) is given. Say, by the rule of three. 

As the difference ftanding againft the price of the 
given quantity: 

To the given quantity : : 
So are the feveral other differences : 
To the refpective quantities required. « 

Ex. 3. 

I would mix 10 bufhels of wheat at $s. with rye 
at 3s. 6d. and barley at 2 s. \d.; to be fold at 4 s. 

f wheat 60 6.20 
48 < rye 42 J J 12 

i barley 28 ^ 12 
Then 26 : 10 : : 12 : 4-rr 
barley. 

K 

26 
12 

12 

xifhels of rye and of 

/i Ex« 
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Ex. 4. . s ' ■ 
How much Malaga at ys. 6d. the gallon, fherry 

at 5 s. white wine at 4s. 3d. muff: be mixt with 24 
gallons of Canary at 6s. 9 d.-9 that the whole may 
be fold for 6s. per gallon? 

72 

Malaga 90^ 112 
Canary 81—0 21 
flnerry 6o^j 
w. wine 51--s 

.8 
9 

Or thus. 

Malaga 90' 
Canary 81-x 
fherry 60J 
w. wine 51 

21 

12 e*. 
9 

18 

Then the quantity of Canary being given, fay by 
the firfl method, 21 : 24 : : fo is each difference : 
to its refpeftive quantity *, that is. 

As 7 : 8 
C 12 

:: < 18 

C 9 

13t gaK Malaga 
2C4 fherry ^>anfwer. 
10^. w. wine 

As 12 
that is, i 

Or thus, by the latter method. 

42 gal, Malaga. 
18 fherry. 
36 w, wine. 

24 
2 

. .f 21 : 

.A ^ : 
I 18 : 

3 RULE. 
In alligation total, where the total fum of the 

quantities (to be mixt) is given ; add up all the diffe¬ 
rences together, then fay by the rule of three, 

As the lum of the differences : 
To the quantity given : : 
So every particular difference : 
To its refpeftive quantity. 

Ex. 5. 

A goldfmith would mix gold of 24 carrafts, with 
fome of 21 carrafts, and with fome other of 19 car- 

rafts 

\ 

1 
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rads fine, and with a due quantity of allay; fo 
that 190 ounces might bear 17 carrads fine. How 
much of each fort muft he take ? 

17 v here allay is to be reckon* 
17 ed o carrads. 

*7 . ' 
13 ■ 

24~^\ 17 

2I^\ 1 *7 
l9\j) l7 

L 0 2.4.7 

\ 64 
oz. 

Then 64: 190 :: 5 !7 :50jf of the 3 forts of gold. 
113 : 38tt of allay. 

Ex. 6. 

A mixture of wine is to be made up confifting of 
130 quarts, from thefe five forts, whofe prices are 
7J., 8d.9 10J., 14^., and 15^. a quart: and the 
whole is to be fold at 12 d. a quart. Quere, how 
much of each ? 

Here being 5 quantities concerned, they will ad¬ 
mit of feveral alternations. 

firft way. 

P5 

fecond way. 

5 
4.2 
2 
2 

3 

/foW way. 

5 

I2< 

4.2 
6 5 
2 1 3 . 
2 1 8^7 3 
3 

5 11 

L 7-^ 

V 

2 , 

6 
5 
3 
3 
2 

2.4.5 
3*2 

3-2 
3-2 

11 

5 
5 
5 

tfc. 

37 
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The operation, by the lafi way, is thus. 

0. .511 ! 3^tt cirts’ °f wine at i§d. and 14J. 
j / • ^ *‘25: i7tt Tlarts> at 108i., and 7^. 

Scholium. 

Although the feverai ways of combining or cou¬ 
pling the rates, as before dire&ed, afford fo many 
different folutions to the queftion ; yet they do not 
give all the anfwers the queftion is capable of. To 
remedy which, and to make the method more ge¬ 
neral •, you may repeat any two alternate (or corre- 
fponding) differences as often as you will j and the 
like for any other two, &c. This will give a great 
variety of folutions, from which the eafieft, and 
moll fuitable may be feledted. Or rather proceed 
by the following rule. 

4 RULE, UNIVERSALLY. 

Having coupled the rates as before directed ; then 
inftead of any couple of the differences, take any 
equimukiples thereof; that is, multiply them both 
by any number you will ; do the like for any other 
couple, &c. By this means, you’ll have a new fet 
of differences, to work with. 

Ex. 7. ' 

A grocer would mix 12 lb. of fugar at 10d., with 
two other forts of 8d., and $d. fo that the mixture 
may be fold at 7 d. How much muft he take ? 

commoy way. general way. 

2x2 

2x3 
1x2.3x3 

4 
6 

Here the couple of differences againft 10 and 5 
being 2 and 1, I multiply them both by 2, and they 

3 become 
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become 4 and 2. Again, the couple againft 8 and 5, 
being 2 and 3, I multiply them both by 3, and they 
become 6 and 9. Then you will have 4, 6, n for 
a new fet of differences. Therefore 

' $ 6 : 1 

4“ : 3 
Sib. 

33 te¬ 
at 
at 

8 d. 
5 d* 

Ex. 8. 
A farmer would mix wheat at 4s. with rye at 3 s. 

and barley at 2 s. and oats at 1 j. per bulhel; to have 
a quantity of 120 bufhels, to be fold at 2s. 4d. the 
bulhel. How much of each muft he take ? 

d. 

28 

f wheat 48'-^ 16 X 3 

3 rye 36^\A 
j barley 24^ J 

4x5 
8x5 

(.oats \2^ 20 X 3 

48 
20 
40 
60 

168 

Then 168 :120, 0^:5 : 

48 : 34-* bufh. wheat. 
20 : 14^- rye. 
40 : 28 £ barley. 
60 : 42* oats. 

The proof is had by finding the value of the whole 
mixture at the mean rate •, which muft be equal to 
the total value of the feveral fimples. And more¬ 
over, in alligation totals the fum of the particulars, 
muft agree with the fum given. 

PROBLEM IX. 
To refolve a quefiion in the fingle rule of falfe. 

This rule makes a fingle fuppofition of fome falfe 
number to refolve the queftion, by means whereof 
the true number or numbers are found out. 

RULE. 

1 
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RULE. 
Suppofe fome fit number, and proceed with this 

according to the tenor of the queition. Then fay 
by the rule of three, 

\As the falfe number refulting : 
To the true number given : : 

' So the whole or any part of the falfe number : 
To the whole or relpedtive part of the number 

fought. 
Ex. i. 

A man would divide 30 crowns among 3 perfons; 
fo that the firft fhould have half; the fecond, a third; 
and the third, a fourth part. To find each one’s 
fhare. 

Take a number which js divifible by 2, 3, 4; 
fuppofe 12, then 2) 12 (6 . 3) 12 (4 . 4) 12 (3* 
1 
2 
<0 

6 

4 
3 

13- 

Then 13 *.30 

d 

6 : i3r4 htft fhare. 
4 : 9-^ fecond fhare. 
3 : 6Lf- third fhare. 

\ 

Ex. 2, 

A, B, and C buy a parcel of timber, which cofts 
48 /, and it is agreed that B {hall pay a third part 
more than A, and C a fourth more than B. What 
fum muft each pay ? 

Suppofe A pays 3, then B pays 4, and C pays 5, 
But 3 + 4 + 5 = 12, which fhould be 48. There¬ 
fore fay, 

f 3 : 12, A’s fhare. 
As 12 : 48, or as 1 : 4 : : < 4 : 16, B’s fhare. 

> [ 5 : 20, C’s fhare. 

Ex. 3. 

There are 3 cocks, A, B, C, belonging to a 
ciftern; A can fill it in 1 hour, B in 2, and C in 3. 
In what tipie will they all fill it ? 

Suppofe 
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* ~ ■ > v • 4 

Suppofe they fill it in half an hour *, then fay, 
... ♦ > J A • ■i l * < V ' 

hour, after n. hour. 

As 1 - 1 - 4 — 2 
1 

2 
T 

— ciftern for A. 
2 

— ciftern for B. 
4 

ciftern for C. 
o 

But I± I ' I — - ciftern, which fhould be i cift. 
2 4. o 12 f 

' ^ ’.r;| v;rr 

Therefore ^ cift. : 1 cift. : : — hour : — hour the 

time fought. 
The proof of this rule is made, by fumming up 

the leveral parts, which muft be equal to the whole. 

P R O B L E M X. 

To refolve a queftion in the double rule offalfe. 
> . • , 1 

This rule refolves queftions, by making two fuppo* 
fitions of falfe numbers ; by means of which, the true 
number, which anfwers the queftion, is found out. 

. T y v/ .* • - * ' 

T RULE. 
1. Take fome number by guefs, for a firft fup- 

pofition, and try if it will anfwer the queftion. If 
not, fet the error under it, and mark it with + if it 
exceeds the truth, or with — if it fall fhorr. Then 
make a fecOnd fuppofition with another number, and 
proceed the fame way with it. (It is ufual to fet a 
crofs between them). 

2. Multiply alternately the firft number by the 
2'd error, and the 2d number by the ift error. And 
divide the fund of the produds by the fum of the 
.errors, when the errors are of different kinds, (that 
is, when one is greater and the other lefs than the 

2 truth;) 
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truths) or the difference of the produ&s by the 
difference of the errors, when both errors are of one 
kind; and the quotient is the true number fought, 
for which the fuppofitions were made. 

In fliort thus, addito dijfimiles, fubtrahitoqiie pares. 

Ex. t. 

A workman agreed to thrafli 6o bufliels of corn, 
part of it wheat, and part oats; at the rate of 2 d. 
per bufhel for the wheat, and i~d. for the oats. 
At laft he received 8 drillings for his labour. How 
much of each did he thrafh r 

1. Firft, I fuppofe there are 30 
bufhels of wheat *, then there are 
alfo 30 bufliels of oats. 

Price of the wheat 
Price of the oats 

+9 
60 pence. 
45 pence. 

too much 105 
which lhould be 8 s. or 96 

1 error +9 

2. Again, I fuppofe 20 bufli. of wheat, the pr. 40'i. 
then there is 40 bufliels of oats, - pr. 60 

whole price, too much 100 

96 

■+4 

Theti 

2 error 
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Then 30 20 

120 180 
- 120 

9 -- 
4 5) .60 (12 bulhels the wheat. 

*—“ 6oj 48 the oats. 

60 

Ex: 2. 

A man hired a labourer for 40 days, on condition 
that he Ihould have 20 pence for every day he 
wrought, and forfeit 10 pence for every day he idled. 
At'lalt he received 41 s. 8 d. for his labour. How 
many days did he work, and how many was he idle? 
| . . t if /' 6 Cl * ' Ej ^ j ’ I p1 ' i C r ^ ^ 

1. Suppofe he wrought 24 days * 480 pence, 
then he idled 16 i6o‘ 

^ ' x./ v. 

received but 320 ‘ 
inftead of 4ij. 8d. or 500 ' 

x 

< ’ 1 error fhort —180 
■ - . •- . i. ■ \ 

*r,*— * - 1,1 

^ ^ Ow X C \ Y 

2. Suppofe he wrt. 32 days 640 pence. 
■ idled. . 8 80 

\ ryr - ' - 

fhould receive 560 
inftead of 500 

2 error above ~|-6°| 

X 

180 
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180 

32 
24 
60 

I44° 
54 — - - 

l8o 5760 
~f-6o rfI44° 

240 ) 7200 (30 days he wrought, confequently 
720 he idled 10 days. 

Ex. 3. 
.• ‘ ' k * ~9 

Two merchants. A, B, lay out an equal fum of 
fnoney in trade. A gains 12 61. and B lofes 87* 
And A’s money is now double to B’s. What did 
each lay out? 

200 250 
1. Suppofe each lays out 200/. 

then 200 200 
126 87 

226 100 

50 
25OOO IOOOQ 

IOOOO 1 

t error -J-100 226 
50) 15000 (300/. 

2. Suppofe each lays out 250/. 150'* the anf. 
then 250 250 —-— 

126 87 
rn ", \ 

A’s money = 376 163 — B’s nioney. 
326 2 

2 error 4- 5° 32^ 

Pi 

/ 



Chap. IV. OF FALSE. *4 5 

Ex. 4. 

A perfon finding fevcral beggars at his door, gave 
each of them 3 pence a-piece, and had 5 pence re¬ 
maining. He would have given them 4 pence 
a-piece, but he wanted 7 pence to do it. How many 
beggars were there ? 

14 
1, Suppofe 14 beggars. 14 

10 

42 

4*5 
56 
~7 

his money=^47 

49 
49 hismon. 2 

alfo. 
28 20 
20 

1 error -|- 2 

2. Suppofe 10 beggars. 10 

4)48(12 beggars 
the aniwer. 

3o 
i-5 

40 

~7 

35 
33 

33 

2 error 

JCLX. 5. 
A and B play at cards *, A flakes B 8 s. to 6s. 

every game. After 28 games they leave off play, 
and find that neither of them are winners. How 
many games did each win ? 

7 

1. Sup* 

\ - 
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i. Suppofe A won 12, then B won 16: 
and A wins 72 and (B wins 128*. 
or A) lofes 128 s\ that is, he lofes 5 6 j. 
therefore ift error — — 56. 

—14 

2^ Suppofe A wins 15 games, 
and B 13, then A wins 90s* 
and lofes 104 : fo the fecond 
error is —14. 

56 840 168 

14 168 • 

42)672(1 6 games 
42- for A. 

252 
252 and 12 

for B, 

2 RULE. 
You muft proceed as direded in the iff rule, till 

you have found the errors, and their figns, then 
1. Multiply the difference of the fuppofed num¬ 

bers, by the leaft error, and divide the produd by 
the difference of the errors, if they are like; or by 
the fum if unlike.: The quotient is the corredion 
of the number belonging to the leaft error. 

2. Obferve whether this be the leffer or greater 
number, as alfo whether the errors have like or un¬ 
like figns. 
If it is the leffer number, and like figns, fubtrad the 

corredion •, if unlike figns, add it. 
If the greater number, and like figns, add the cor¬ 

redion *, if unlike figns, fubtrad itfo you’ll 
have the true number required. 

Or in other words, 
If like figns, fubtrad from the leffer, or add to the 

greater number. 
Unlike figns, add to the lefier, or fubtrad from the 

greater number; to get the true number. 
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Ex. 6. 

# A certain man being afked what was the age of 
his four Tons; anfwered, that his eldeft was 4 years 
older than the fecond, and the fecond 5 years older 
than the third, and the third 6 years elder than 
the fourth, which was half the age of the eldeft. 
How old was each ? 

16 20 
1. Suppofe 16 for the eldeft, then 

the youngeft is 1 
half the eldeft 8 

1 error —7 20 

—7 16—5 

7 4 

2*, Suppofe 20 for the eldeft, 
*' the youngeft 5 

half the eldeft 10 

2 error —5 2) 20 (10 the 
20 

anf. 30 
the eldeft. 

\ - 

Ex. 7. 

Two perfons difcourfing of their money; fays A, 
if you will give me 25/. I fhall have as much as 
you ; fays B, if you will give me 22/. I fhall have 
twice as much as you. How much had each ? 

t 
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\ 120 130 
I Sup. 2 Sup. / ♦ 

A has 120 I30 
add 25 25 

»- \ 
B has left 145 I55 *4" 4 •+14 

/ add 25 25 130 
— 120 

B had at firft 170 180 r 

add 22 22 14 10 
i — 4 4 

B has now 192 202 . - ^ 4. 

A has left 98 io8 10) 40 (4 cor. 
double 196 216 ►- 

- % .-. > 120 
1 error +4 2er.-j-i4 —4 

116 A’s mop. 
Ex. 8. 

1 « t • 1 

of gold, brafs, tin, and iron. The weight of the 
gold and the brafs together is 40 lb. of the gold and 
tin, 45 •, of the gold and iron 36. Quere, how 
much gold was in it i 

1 Sup. 2 Sup. 
35 29 

Gold 35/^. 29 lb. 
Brafs 5 11 
Tin 10 16 
Iron 1 7 

< L 1 ‘ ™ 
5l 63 
60 60 

1 er.-—9.2 er.+3 

9 
3 

12) 

■9 +3 
6 

35 
29 

18 (i^—cor. 
12 

6 

29 
+ if 

Ex. 
anf. 30* gold. 
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Ex. 9. 
A fadtor delivers 6 French crowns, and 2 dollars 

for 45 fliillings. And at another time 9 French crowns, 
and 5 dollars for 76 fhill. What is 'the value of each ? 
1. Suppofe 5«f.~ 1 crown. 2. Suppole 7j.=i crown. 

45 
:) 6x5 = 30. 

2 doll. = 15 
idoll.— 74- 

(2) 6x7 — 

2 doll. 
1 doll. — 

45 
42 

3 
: 14- 

5 7 

X 
+ 64 — 54- 

9*5 =45 9x7 = 63 
*7 
/ 

5x7i=37r 5xi4-- 7t 5 

824. 7°i 2 
76 76 5i 

i error + 64- 2 er. - -5r 12)11(44= 

\ 7 
a crown — 6TAr 
a dollar ~ 44. 

Ax. 10. s 

To find the logarithm of 740326. 
£.8694077 5.8694664 

x. I fuppofe 5.8694077 
to be its log. *, but by a ta¬ 
ble of logarithms, it proves 
only to be the logarithm of 
74O 700. 

740326 

74°3°o 

+74 

/ 

i error 

40400. 

26 

740400 

740326 

5.8694664 
5.8694077 

'o’ 

.OOOO587 
of 26 

26 3522 

1174 

2 error +74 100).0015262 

(i52 
the 

\ A 
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5.8694077 
.0000152 cor. 

the logarithm fought 5.8694229 

fChe proof of this rule is, by trying the number 
found, according to the conditions of the queftion, 
in the fame manner as you find out the errors. And 

' if it agree, the work is right. 

Scholium. 

It will fometimes fhorten the work, by fuppofing 
one of the numbers o, and you may fuppofe the 
other 1, if you pleafe. A great many queftions may 
be refolved by this rule, which cannot be refolved 
by any other rules in arithmetic. But there are 
many queftions, where it cannot be certainly known, 
whether they can be refolved by it or not, till they 
be tried. 

The rule is founded upon this fuppofition, that 
the firft error is to the fecond; as the difference be¬ 
tween the true and firft fuppofed number, to the 
difference between the true and fecond fuppofed 
number. When this does not happen, the rule of 
falfe does not give the exacft anfwer, except the two 
fuppofed numbers be taken very near the true one : 
as in the laft example. 

In the rule of falfe, whatever operations the 
queftion requires to be performed with the number 
fought, and any given number or numbers *, the 
fa'me operations in every refpedl are to be made 
with the two fuppofed numbers, and the fame given 
numbers. From the refult of thefe three operations, 
are collefled the errors, which are nothing elfe, 
but the differences between the true refult, and each 
of the falfe refillts. Hence if the errors are unlike, 
the true number lies between the fuppofed numbers: 

3 * and 
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and if the errors are like, the true number lies with¬ 
out them both. , 

The rule of falfe, efpecially the latter, will re- 
folve any the molt difficult queftion, by many 
trials *, provided the queftion can any way be proved, 
if the true refolution was given. But then the fup- 
poled numbers muft be taken near the truth, And 
after each operation is over, you muft take the laft 
refult for one of the next fuppofed numbers •, and 
the neareft of the two former (or that with the leaft 
error), for the other. And by repeating this procefs, 
the anfwer will continually approximate to the true 
number, within any degree of exa&nefs you pleafe. 
For this reafon it is of prodigious fervice in the ab- 
ftrufer parts of the mathematics. For in many diffi¬ 
cult problems, there is hardly any other way to come 
at a lolution, but by this method of trial and error. 

PROBLEM XI. 

T0 refolve a queftion in the rule of exchange. 

When feveral different forts of things are com¬ 
pared together, as to their value; this rule teaches 
to find, how many of one fort is equal to a given 
number of another fort. 

1 

RULE. 

Place the terms in two perpendicular columns, fo 
that there may not be found in either column, two 
terms of one kind. Then the numbers in the leffer 
column muft be multiplied for a divifor ; and the 
numbers in the greater column, where the odd term 
is, for a dividend. The quotient is the anfwer. 

Note, to abridge the work, throw out any num¬ 
bers that you can find in both columns. 
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Ex. r. 

If 6 lb. of fugar be equal in value to 7lb. of raifons, 
5 pound of raifons to 4 yards of ribbon, 10 yards of 
ribbon to 40 nutmegs, and 7 nutmegs to 18 pence j 
V/hat is 3 pound of fugar worth ? 

6 fug. 7 raif. 2100) 33600 (t6 pence, 
5 raif 4 rib. 

10 r.b. 40 nut. 
7 nut. xopnce. 

*- 3 fug- 
2100 

r> 
o 36 00 

Or 

•7*4x40x10x3 __ 4x40x3 4x8 
6 x 5 x 10 x 7 6x5 

Ex. 2. 

6, 

If 3 pair of gloves be worth 2 yards of lace, 3 yards 
of lace equal to 7 dozen of buttons, 6 dozen of 
buttons to 2 penknives, and 21 penknives to 18 pair 
of buckles; how many pair of gloves is equal to 2 8- 
pair of buckles ? 

3 gloves 2 lace 
3 lace -.7 buttons 504) 31752 (63. 
6 buttons g pence 

21 pence 18 buckles 
28 buckles -- 

5° 4 
3175 r.n 

Or thus, 
• 1 % 

.3x7x6x21x28 3x21x28 
2x7x2x18 2X7X2 

3X21 yo 

JKr. 
$ 

\ 
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Ex, 3. 

If 9 fhillings Englifh be equal in value to 2 French 
crowns, and 1 French crown to 3 livres, and4 livres 
to 3 guilders, and 9 guilders to 4 rix dollars, and 4 
rix dollars to 3 Barcelona ducats ; what is 5 Barcelona 
ducats worth-in Englifh money ? 

9 !hil. Eng. = 
1 Fr. cr. 
4 liv. 

9 guil- 
4 rix doll. 
5 Bare. due. 

2 Fr. cr. 
3 liv. 

3 gui|- 
4 rix doll. 

9X1X4X9X4X5 

^2x3X3X4X7" 
9X4x9x5 

2X3X3X3 

3 Barc- duc. £LH5_2X3X5 

2 = 30 (hillings. 

PROBLEM XII. 

V0 refolve a quejlion by help of a table of logarithms. 

Logarithms are a certain fet of artificial numbers, 
fitted to the feries of natural numbers, and formed 
into a table ; whofe property is fuch, that they per¬ 
form the fame thing by addition and fubtradfion, 
which the natural numbers do by multiplication and 
'divifion. 

A logarithm confifts of two parts, a decimal frac¬ 
tion and an integer. The decimal part is always 
affirmative, the integer may be either affirmative or 
negative, and is called the chdfafteriftic. It always 
fhews how far the firft figure of the abfolyte number 
is diftant from the units place. Thus when the cha- 
radtefiftic is o, 1, 2, 3, £sfr. the firft figure of the 
correfponding number will be units, tens, hundreds, 
thoufands, &V. refpedtively. And if it be — 1, —2, 
—3, &c. then the firft figure of the number be¬ 
longing, is in the firft, fecond, third, &c, place of 
decimals. 
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In many tables, the charadteriflic is not fet down* 
becaufe it is eafily fupplied, for any given number, 
from the rule before mentioned *, by only conildering 
how many places of integers, &c. ; the given num¬ 
ber con fills of. 

Though the decimal part of the log. is always af¬ 
firmative, yet in fome particular cafes, where the 
chara&eriftic is negative, it is neceffary to reduce it 
to another form, where the whole is negative. Thus 
the log. —2.3406424 which fignifies the fame as 
—2.-K3406424, is reduced to —1.— 6593576, or 
—1*^59357^> where the whole is negative; which is 
done by fubtradling the decimal from 1. But when 
the operation is over, it mull be reduced to its origi¬ 
nal form. Or it may be otherways reduced fo as to 
beexprelfed in two parts,without making the decimal 
negative, by adding equal numbers to both the ne¬ 
gative and affirmative part. Thus —2.3406424 is 
equivalent to-3. + 1.3406424, or— -4.^2%3406424 
= —5.4-3.3406424, &c. where the latter part is 
entirely affirmative : and this way is more commo¬ 
dious for fome fort of operations. 

Having a number.given to find its log. and the 
contrary. Look through the column of numbers, 
till you find the given number, againft this is its 
logarithm. Or when the log. is given, look through 
the column of logarithms till you find it, or the 
nearefl thereto, and againfl it is the number. Thus 
if the number is 2 191, the log. is 3.3406424. And 
if the log. be 2.8241900, the number is 667.1 j, 
and fo of others. But if the number exceed the 
table, that is, if it confifls of more than 4 places, 
proceed as in Ex. 10. Prob. 10, to find the log. or 
the contrary. 

The table of logarithms is too large for this book, 
its principal ufe being in trigonometrical operations. 
See my Trigonometry, Edit. 2. 

1 RULE. 
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. 1 RULE." 

After the queflion is refolved in form, and the 
numbers are ready for operation. To find the pro¬ 
duct of any numbers multiplied together. Set down 
all the numbers and their logarithms againft them; 
then add all the logarithms together. When you 
come at the characteriftics, add what you carried, to 
the affirmatives, and take the difference between the 
fum of the affirmatives, and the fum of the negatives, 
and fet it down with the fign of the greater. This is 
the charadteriftic of the product; whofe number muft 
be found in the table. 

Ex. 1. 
”What is the product of 37x250? 

37 - - - 1,5682017 
250 - - - 2.3979400 

prod. 9250 - - - 3.9661417 

Ex. 2. 
What is the product of 7 x486x.0042 ? 

7 - - - o. 8450980 
486 - - - 2.6866363 

.0042 - - —3.6232493 

prod, near 14.29 - - -j-!. 1549836 

2 RULE. 

When a quantity appears in form of a fraction, 
to find the quotient arifing by dividing the numerator 
by the denominator. Subtract the log. of the de¬ 
nominator from the log. of the numerator. If you 
carry 1, add it to the lower charadt. if -b, or fubtradt 
it, if —; which done, if the charadh have unlike 
figns, add them with the fign of the upper; if like 

figns, 

t 
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figns, fubtradt with the fame fign ; except the lower 
be the greater, and then with a contrary fign. 

If either numerator or denominator is any product 
of certain numbers, its log. muft be found by 
Rule r. 

Ex. 3. 

What is the value of 
* 73 

438 - - 2.6414741 

7 3 - - !-8633229 

quotient 6 - - 60.7781512 

Ax. 4. 

Divide 125 by 3125. 

125 - - 2.0969100 
3125 - - 3.4948500 

quotient .04 - - —2.6020600 

Ex. 5. 

Divide 342 by .035. 

342 - - 2.5340261 
•°35 * - —2.5440680 

quot. 9771 - - 3-98995Si 

Ex. 6. 

What is the value of ? 
48 

•54 - - — 17323938 
.0157 - - —2.1958996 

product - . 
48 

quot. 0001766 - - 

■3'928293 4 
1.6812412 

-4.2470522 

3 II U L E 
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3 RULE. 

When a number is to be fquared, cubed, r. 
multiply its log. by the index of the power. Ob- 
ferving, when the charadteriflic is negative, to fub- 
tra6l v/hatyou carry thither. Then find the number 
anfwering. v 

Ex. 7. 

What is the fquare root of 2 ? 

426 - - 2.6294096 

fquare 181500 - - 5.2588192 

4 

Ex. 8. A ' 

What is the cube of .405 ? 

, .405 - -- —1.66074550 
* \ 3 

cube .06643 - - —2.822 3650 
» i 

Ex. 9. 
, • / 

To find the 4th power of .09054. 

.09054 - - —2.956840445 

4th power .0000672 - - —5.8273620 

4 R U L E. 

When any root is to be extracted ; divide the log, 
of the number by the index of the root. Remem- 
bring to reduce the log. if the charafteriftic be ne¬ 
gative, when there is occafion. 

1 

1 * 
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Ex. io. 

What is the fquare root of 2 ? 

2 - - - 2) 0.3010300 
root 1.414 - - 0.1505150 

Ex. 11. 

Find the fquare root of 4823. 

4823 -. 2)3.6833173 
root 69.45 - - 1.8416586 

Ex. 12. 
What is the cube root of .005832 ? 

.005832 -. 3)—3.7658175 
root .18 - —1>2552725 

Ex. 13. 

To find the cube root of .02456. 

.02456 - - —2.3902284 
reduced - - 3)—1.6097716 all neg. 
reduce this back —0*5365905 

root .2907 - - —1.4634095 

Or thus. 
• **. V < 

The log. —2.3902284 is equal to — 3.41*3902284 

3)—3.41.3902284 
root .2907 - - —1. 4634095 

i " 1 1 1.1 -a 

Ex. 14. 

What is the 5th root of .004705 ? 

.004705 - - —3*6725596 
reduced to 5)—5 + 2.6725596 

root .3424 - - —1.53 45119 - 

5 RULE* 
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S RULE. 
When in the folution of a quedion, you come a]t 

fome compound quantity, confiding of products* 
powers, roots, &c. connected by the figns *4- and 
— •, they mud be wrought feparately by the fore* 
going rules, and the numbers found and colle&ed, 
according to the figns. 

Ex* 15. 

To find the number exprefied by this quantity. 

350x20 x 11—‘io8 x 13* 
11x13x15 * 

rr,, . . t r 1 . . 350X20X1* 
This is the fame as the two quantities -- 

n 11X13X15 
108x13x13 . 
--—-. That is 

350X20 io8x 13 
11x13x15 13X15 11x15 

350 2.5440680 13 I-II39433 
20 1.3010300 15 I. I 76O9 I 3 

3.8450980 2.29OO346 
fubt. 2.290034 6 

35-9° J-555c634 
the fird part. 

108 2.0334238 I I I.C)4I3927 

13 I*H39433 15. 
• / 

1.1760913 

fubt. 
• 3-H73 671 
2.2I7484O 

2.2 17484Q 

8.509 O.929883I 

the fecond part. Then from 
take 

35.900 

8.509 

the number fought, 27.391 
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Ex. 16. 

Suppofe in a certain queflion, I come to this con- 

12 x x 20 ~f- 2 ? 
clufion for the number fought, 

37x25 — 12^37x20 

what is the number ? 
n. log. 
12 

37 
20 

1.0791812 
1.5682017 
1.3010300 

n. log. 

I*39794°° 
3 

9 

3.9484129 

numb. 8880. 

4.1938200 

numb. 15620 

37 
25 

1.5682015 
1 *3 9 79400 

37 
2C 

2.9661417 
numb. 925.0 half 

12 

r.5682017 
1.3010300 

2.8692317 

1-4346158 

1.0791812 

2-5l3797° 
numb. 326.4 

rp, r, . , 8880 +15620 
The folution becomes-1~— == 

925.0-326.4 

24500 log. 4.3891661 

log- 2-7771367 
598.6 

I.6i20294 
the numb. 40.93 anfwer. 

PROBLEM XIII. 

To refolve the ufual queftions about the inter eft of money, 
and annuities. 

Inter eft is the money paid for the ufe or loan of 
any fum or principal; and is generally eftimated at 

2 fo 
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fo much per hundred for a year, as 4 per cent. 5 per 
cent.; &c. which is called the rate of inter eft. 

Simple intereft is that which is charged only upon 
the principal, for any length of time after it is, due. 

Compound intereft, or intereft upon int&reft, is that 
which arifeth from both principal and intereft; this 
fuppofes that the intereft itfelf, fhall alfo gain intereft, 
after the time it becomes due. 

Rebate is the abatement made by paying a fum of 
money before it is due. 

Amount is the quantity of money in ' arrear, con- 
fifting of the principal or annuity, together with its 
intereft, forborn for fome time after it is due. 

Several queftions in the bufinefs of intereft being 
very difficult to refolve folely by arithmetic ; I have 
therefore inferted the four, following tables ; by help 
of which all the common queftions relating to in¬ 
tereft and annuities may very fpeedily be refolved, 
for any numbers that come within the reach of thefe 
tables. 

Their ufe is eafy and evident at fight: for the rate 
of intereft being found at the top, and the time of 
continuance on the fide; at the angle of meeting, 
you have the amount of 1 pound, (Tab. 1 and 3); 
or of 1 pound annuity.(Tab. 2 and 4), at either fim- 
ple or compound intereft. But their ufefulnefs will 
more clearly appear from the following rules and 
examples. . . , < . 

• { ' . »■ . ) ^ : * 

! ' 1 RULE. 
■J » • 4. • , . * • 4 ■ X ,/»•-' ; » * A . * 

When the fimple intereft for days, is required ^ 
divide the rate by 100, to have the rate for 1 /. then 
multiply the principal, the rate for 1 pound, and the 
number of days, continually; and divide the pro- 
dud by 365; the quotient is the intereft. 
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Ex. i. 

What is the intereft^of 1601. for 85 days, at 3 per 
cent. ? 

3 
100 

= .03 the rate of il. ^ / 

160 

•°3 
365) 408 (1 

365 

s « 3>. 
2 : 4^ anfwer. 

4.80 

85 

24 o 

384 

408.0 

860 (2 

730 

130 
12 

1560 (4.2 
1460 

100 

73 

2 RULE. 
1 

To find the prefent worth of 1 /. in money, due 
any number of years hence; or of 1/. annuity to 
continue any number of years, at a given rate either 
of fimple or compound intereft. 

For il. in money. Look into Tab. I. for fimple 
intereft, or Tab. III. for compound intereft, and 
under the given rate, and againft the number of 
years, you’ll find a number for a divifor, by this di¬ 
vide 1, the quotient is the prefent worth. 

For il. annuity, Confult the Tables I. and II, for 
fimple intereft ; or HI. and IV. for compound in¬ 
tereft. And under the given rate, and againft the 
number of years, in both tables, you’ll find two 
numbers, which take out, and divide the latter by 
the former, for the prefent worth. 

Eh. 



Chap. IV. 1 N T E R E S f; 

Ex. 2. 
What is the prefen t worth of il. due 14 years 

hence, at 4 per cent, at fimple or compound intereft ? 

Num.Tab. I. - - 1.56) (.64102 the pref. worth 
936 at fimp. inteti 

640 
624 

160 

156 

1 

Hnm;Tab.Ili.--1^73167) 

400 

i,oooooo(.577476 the pref; 
865835 worth at comp; 
.*-r intereft. 
1,34165 
121217 

1 
12 122 

' 1— 

826 
693 

133 
121 

12 

^ 3- 

What is the prefent worth of i 1. annuity to con¬ 
tinue 14. year*, at 5 per cent. Ample and compound 
intereft ? 

Tab. M 2 
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Tab* i*' ~~~ = prefent worth at fimp. intereft. 

That is, 1.7) 18.55 (10.91176 the prefent worth at 
17 • • fimple interelh 

*55 
.. *53 

20 

17 

30 

— 

130 
I IQ 

» ' _ 

11 
Tab. IV. -- 19.59863 r , 
~ . TTT ———- = preient worth at comp, inter, 
lab. III. -- 1.97993 r r 

I * 

That is, 1.97993) 19*59863 (9.89865 the pref. worth 
17 8193 7 at compound intereft. 

1 7792^ 
1 5^94 

I9532 
17819 

, *713 
1584 

129 
Il8 

: f 

11 

1 I 

3 RULE; 
/ / ' 

/ 
I 

/ Y 



Chap. IV. INTEREST. 

3 RULE. 

Queflions, where principal, annuity, amount, &V. 
are concerned, are like wife to be folved by the ta¬ 
bles. For there are fimilar numbers in the tables 
analogous to thofe given ; and therefore having three 
terms given, a proportion or analogy mufl be made 
by the rule of three, between the numbers given in 
the queflion, and thofe in the proper table, for the 
fame rate and time, in order to find the 4th term, 
which is either the tiling itfelf which is fought, or it 
will fhew it by the table. And as 1 is commonly a 
term in the proportion, the queflion will generally 
be folved by multiplication or divifion. 

If any thing is wanting to make the proportion, 
or to carry on the procefs, it muft be found from 
what is given in the queflion. 

Ex. 4. 
If 2 50/. be put out to interefl, what will it amount 

to in 21 years, at 4/. per cent, fimple or compound 
interefl ? 

By Tab. I. the amount of 1/. for 21 years, at 
4 per cent, is 1.84 ; therefore fay, as 1 (principal) : 
1.84 (amount) : : 250 (principal) : 1.84 x 250 = 460,, 
the amount required, at fimple interefl. 

Again, by Tab. III. the amount of 1 l. is 2.27877; 
Therefore lay, as 1 (pr.) : 2.27877 (am.) :: 250 (pr.): 
2.27877 x 250 = 569.6925/. the amount required, 
at compound interefl. 

Ex. 5. 
What principal put out for 21 years will amount 

to 460/. at 4 per cent, fimple interefl ? > 
By Tab. I. the amount of il, is 1.84 for the given 

time and rate •, then fay, 1.84 am.— 1 pr.—460 am.— 

= 2 50 /. the principal fought. 

M2 Ex* 
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Ex. 6. 

In what time will 250/. amount to 569.6925/. 
being put out at 4 per cent, compound intereft? 

Say, as 250/?-.: 569.6925 am, :: 1 pr.: 

~ 2.27877 the amount of i/. Seek this number ii> 
Tab. III. coh 4 per C. and you’ll find it againft 
q 1 years, the time fought. 

Ex. 7. 

At what rate of fimple intereft will 250/. amount 
%o 460 /. in 21 years i 

By Tab. I. fay, 250 pr.— 460 am.— 1 pr.— 

-= 1.84, the amount of 1/.; which being fought for 
againft 21 years, will fal} in col. 4 per C. the rate 
pf intereft required. 

Ex. 8. 

If 320/. yearly rent be forborn for 12 years, what 
will be in arrear at that time, at 4-^ per cent, fimple 
and compound intereft ? 

By Tab. II. the amount of 1 /. annuity for 12 
years is 14.97 *, then fay, 1 an.—14-97 am\—320^ 
^14.97 x 32° =4790.4/." the arrear fought, at 
fimple intereft. 

Again, by Tab. IV. the amount of 1 /. annuity 
is 15.46403 ; therefore fay, as 1 rent —15.46403 am, 
-—320r. —15,46403 x 320=4948.49 /* the amount* 

compound intereft* 
* n 

Ex. g. 

What yearly rent being forb.orn 12 years, will 
amount to 4948.49, at 44 per cent. comp, intereft ? 

By Tab. IV. the amount of 1 /. annuity is 15.46403 5 
then fay, as 15.46403 am.— 1 r.— 4948.49^02.—• 

77^7^ = 3io/’ Ehe 
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Ex. 10. 

In what time will 320/. yearly rent, amount to 
4790.4/. at 44- per cent, fimple intereft? 

479Q-4 
320 

Say, 320 rent — 4790.4 007. — 1 rent — 

= 14.97, the amount of 1/. annuity; which being 
found in col. 44 per C. Tab. II. (lands over-againft 
12 years, the time fought. 

Ex. 11. 

At what rate of compound interefl, does 320/. 
rent, amount to 4948.49/. in 12 years? 

- 4948.40 
Say, as %iorent—4948.49007.—1 rent- 

= 15.46403 the amount of 11. annual rent. Seek 
this number over-againft 12 years in Tab. IV. and 
it Is found under 44 per C. the rate fought. 

Ex. 12. 

What is the prefent worth of 65/. a year, to con¬ 
tinue 40 years, at 5 per cent, fimple and compound 
intereft? 

By Rule 2, find the prefent worth of 1 /. annuity 
at fimple intereft, for the time and rate given, which 

is ~; then fay. 

As 100. — ~ pr.— 6500. — -~p^== 1711.66 

the prefent worth fought, at fimple intereft. 
Again, by Rule 2, find the prefent worth of 1/. 

1*1- 120.79977 
annuity at compound intereft, which is —; 

/•°3999 
then fay, 

120.7* ^ 120.79977x65 
t an. — --&c. pr. — 65 00. — —- -- 

7.0 ^ 3 7*°3999 . 
= 1115.34^ the.prefent worth fought, at comp, in¬ 
tereft. 
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Ex. 13. 

What annuity to continue 40 years, will 1711.66/. 
ready money purchafe, at 5 per cent, limple intereft ? 

By Rule 2, find the prefent worth of 1/. annuity, 

which is ~ ; then fay, ypr.—10/f.—171 i.66^r.— 

3 x 1711.66 > . ' . . . 
• -—■-r—- = 05/. tne annuity required. 

Z*. 14. 
• * ■ «. 

How long may one have a leafe of 65/.- a year, 
’for 1711.66/. ready money, at 5 per cent, limple 
intereft ? 

Say, as 65 rent — 1711.66 pr.~ 1 rent — — * 
-' • __ 

== 26.33, the prefent worth' of 1/. annuity, for an 
unknown time. Then, 

Take fome year by guefs, and find the amount by 
Tab. II. and the prefent worth of that amount, by 
Tab. I. If this agrees not with 26.33, try again, 
and by a few eafy trials you’ll come to the truth. 

In fhort thus, fet down the correfpondent num¬ 
bers in Tab. II. and I. fraftionwife, to approach, 
continually to 26.33, which at lift you’ll obtain. 

K ’ 4 J ' -• ' - ♦ / A, t j 

Suppofe 30 years - - = 20. &c. too little. 
2.3 K * ‘ *J < 

38 years - - =25.2 too little, 
2 . Q i. • ' . „ 

• 70 
40 years - - ~ = 26.33 juft. So 40 

- f . r t •/ 

years is the time' required. < Ul k* * 
■ ■■*.' . r- »J . bl ■■ r . ; 

- *• Ex. 15. 

If one give 1115.34/. ready money, fof the puf- 
chafe of an annuity of 65/. .a year, to continue, 40 
years; what js, the -rate at compound intereft ? 

• • * ^ ^ )* * t / i ^ r T 1 - 

.1 .. 

Say, 

■9 «*■ 
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Say, as 65 an, — 1115.34 pr. — 1 an,- 

= 17.159, the prefent worth of 1/. annuity, at 
unknown rate. 

Take fome rate of interefl by guefs, and find the 
amount for 40 years by Tab. IV 5 and the prefent 
worth of that amount by Tab. III. repeat this work 
with other rates, till the refult be 17.159. 

Or in fhort thus, fet down the correfpondent num¬ 
bers in Tab. IV. and III. fradtionwife, and you will 
approach to the rate fought by a few trials. Thus, 

Suppofe 3 per cent. - - = 23, too great. 
3*2 - : , 
95-o 1 o 4 per cent. - - = 19.8, too great. 

5 per cent. - - —— = 17.159, juft: 

Therefore 5 per cent, is the rate required. 

4 R U L E. 

When freehold eflates are to be valued; divide 1 
by the rate of 1 /. the quotient fhows how many years 
purchafe it is worth, at compound intereft. 

Or if the annuity or rent be required; multiply 
the purchafe money by the rate of 1 /. for the annuity. 

Ex. 16. 

What is an eftate at 30/. a year worth, at 34per cent. ? 
I 1 

Here •— = 28.571 years purchafe. 
3 5 

Or 28.571 x 30 857.13/. the purchafe money: 

Ex. 17. 

What annuity can I buy for 857.13/. at 34 per cent. ? 
Here 857.13 x.035=29.999/. or 30/. the annuity. 

5 RULE. 
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5 RULE. 
When ieveral Turns of money are out at fimple in* 

tereft, and are to be paid in, at different times *, to 
find the time, when the whole may be paid in at 
once, without lofs to the debtor or creditor. 

Multiply every Turn of money by the time it is to 
continue *, and divide the fum of the produdts, by 
the total lum of all the money, the quotient will be 
the mean time of payment. 

And the fame rule holds true, very near ; when 
feveral fums of money are due at different times, 
only it makes the mean time a fmall matter too big. 

Ex. 18. 

I have three fums of money let out to intereft. For 
different times *, vizr 50/. continues for 2 years, 40/. 
for 34- years, and 20/, fqr 4! years. But it is now 
agreed, that they fhall be all paid at once. The 
queftion is, when muff I receive the whole together? 

50 40 20 5° 100 

3^ 4-1 40 140 
—r* 20 90 

IOO 120 So 
20 10 110) 330 (3 years j anfwrer, 

33° ' . 
140 9° 

Ex. 19: 

t A man has three feveral fums of money due at 
different times., 50/. at the eqd of 5 months, 84/. 
at the end of 10 months, and 36/. a year and half 
hence. But he would receive them all at once 3 in 
what time lhall he receive the whole fum ? 
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50 84 38 50 250 

c. 10 18 84 840 
--3 6 684 
250 840 304 —p — 
-— 38 170) 1774(10,43 months, nearly*1 

■- 170 • the anfwer, 
6H , — 

74 
68 

60 

. tfhe proof, in all queftions of intereft, is to change 
the data, and work the queftion backwards. 

. » 

Scholium. 
/ ' 

It is contrary to law to let out money at compound * \ 
intereft. Yet in the valuation of annuities, it is al¬ 
ways the cuftom to allow compound intereft * for by 
fimple intereft, they would be overvalued. 

Tab; 



Book I.. 172 INTEREST. 

Ta b. I. 

.. % 

A table of the amount of 1 pound for years, at fim- 
ple intereft. 

r* r 9 k . - t4 

Years. 3 Per c- 3f per C. 4 per C. 4t per C. 5 per C. 

1 1.03 1.035 1.04 1.045 1.05 
2 1.06 1.0 0 / 1.08 1.090 1.10 
d 1.09 1.105 1.1 2 1 • i-3 5 1.15 
4 1.12 1.140 1.16 1.180 1.20 

.5 
i.?5 

’ f 
1.175 1.20 -i.225 1.25.. 

6 1.18 1.210 1.24 , 1.270 1.30 
7 1.21 1.245 1.28 1 -31 5 i-3S 
8 1.24 1.280 1 • 3 2. 1.3^0., 1.40 
9 1.27 • 1.3I5 1 36 1.405 1.45 

IQ 1 -3° 1,40 1.450 i*5° 
\ r* 'j ' 

rr r-J3 1.3% 1.44 i-495 1.55 
• iz t 

: 1.36 1.420 1.48 1 * 5 4°» 1.60 
1 3 t-39 . 1 *45 5 I«2 ‘•5«5 1.65 
14 1.42 1.490 1.56 I .63O 1.70 
15 i-45 K525 1.60 i.67s i-75 

16 1.48 1.560 1.64 1.720 1.80 
17 1.51 1 *595 1.68 i-765 1.85 
18 1.54 1.63° 1.72 1.810 1.90 
19 *•57 1.665 i .76 1.855 1.95 
20 1.60 1.7C0 1.80 1.900 2.00 

?i 1.63 *•735 1.84 .1*945 j 2.05 
22 1.66 1.770 1.88 l.QQO 2.10 
23 1.69 I.8O5 1.92 2.035 2.15 
24 1.72 I .S4O 1.96 2.080 2.20 
25 >•75 '•875' 2.00 • 2.125 2.25 

26 1.78 I.9IO 2.04 2.1 70 2.3O 
27 1.81 1.945 2.08 2.2I5 ’ 2-35 
28 1.84 I.9SO 2.12 2.260 2.40 
29 1.87 2.01 5 2.16 2.305 2.45 

I 3° K r9D 2.O5O 2.20 2.35° 2.50 
r 
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f i 

Ta b. I. 

Years. 3 Per 3i Per 4 per C. 4i Per c- 5 per G. 

31 1 *93 2.085 2.24 2-395 2.55 

32 1.96 2.120 2.28 2.440 2.60 

33 *•99 2.155 2.32 2.485 2.65 

34 2.02 2.190 2.36 2.530 2.70 

35 2.05 2.225 2.40 2-575 2-75 

36 2.08 2.260 2-44 2.620 2.80 

37 2.11 2.295 2.48 2.665 1 : 2.85 

38 2.14 2.330 2.52 2.7IO 2.90 

39 2V171 2.365 2.56 2-755 2-95 
40 2.20 2.400 2.60 2.800 3-00 

41 2.23 2-435 2.64 2.845 3-°5 
42 2.26 2.470 2.68 2.890 3-io 

43 2.29 2-5°5 2.72 2-935 3-*5 
44 2.32 2.54O 2.76 2.980 3.20 

45 2.35 2-575 2.80 3.025 j 3-25 

46 2.38 2.610 2.84 3.070 3-3° i 

47 2.41 2.645 2.88 3-u5 3-35 
48 2.44 2.680 2.92 3.160 3-4° 

49 2.47 2.715 2.96 3.205 3-45 
5° 

2.50 2.750 3.00 3.250 3-5° 

5i 2.53 2.785 3.04 3-295 3-55 
52 2.56 2.820 3.08 3-340 3-6° 

' 53 2-59 2.855 3.12 3-385 -3.65 

54 2.62 2.89O 3-i6 3-43° • 3-70 
55 2.65 2.925 3.20 3-475 3-75 

56 2.68 2.960 3-24 3,520 3.80 

57 2.71 2.995 3.28 3-565 3.85 

58 2.74 3-°30 3-32 3.610 3.90 

59 2.77 3.06; 3-36 3-655 3-95 
60 2.80 3.100 3-40 3-7°0 4.CO 
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Tab. tU 

A table of the amount of i pound arinuity for years., 
at fimple intereft. 

tfears. 3 per C. 3i per C. 4 per C. 4? Per c- 5 per C. 

i 1.00 1.000 1.00 1.000 1.00 
2 2.03 2.°35 2.04 2.045 2.05 
3 3.09 3-I05 3.12 3-135 3*15 
4 4.18 4.210 4.24 4.270 4-3° 

5 5-30 5-350 5.40 5.450 5-5° 

6 ' 6-45 6.525 6.60 6.675 6.75 
7 7.63 7-735 7.84 7-945 8.05 
8 8.84 8.980 9.12 9.260 9.40 
9 10.08 10.260 10.44 10.620 10.80 

IO * *35 ,IS7S 11.80 12.025 12.25 

ii 12.65 I 2.925 13.20 *3-475 13*75 
12 13.98 14.31 o i 14.64 14.970 15*3° 
13 >5-3+ I5-730 16.12 16.510 16.90 
>4 16.73 17.185 17.64 18.095 18.55 
*5 I8.I5 18.675 19.2b x9-725 20.25 

. 16 19.60 20.200 20.80 21.400 22.00 
17 21.08 21.760 22.44 23.120 23.80 
18 22.59 23-35 5 24.12 24.885 25.65 
19 24.13 24.985 25.84 26.695 27-55 
20 25.7O 26.65O 27.60 28.550 29.5° 

21 27.30 28.350 29.40 30.450 3I-5° 
22 28.93 3O.O85 31.24 32-395 * 33-55 
23 30.59 31.855 33.12 34-385 35-6S 
24 3-2.28 33.660 35-°4 36.420 37.80 

- 25 34.00 35-5°0 37.00 38.500 40.00 

26 35-75 37-375 39-00 40.625 42.25 
27 37-53 39.285 41.04 42.795 44-55 
28 39 34 41.230 43-12 45.010 46.9O j 
29 41.18 43-^o 45.24 47-27° 49.30 

1 30 
-lL°j 45.215 47-4° , 49-575 5!*75 ... 
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Tab. II. 

Years. 3 Per 3t Per 4 per C. 4.-J per C. 5 per C. 

31 44.95 47*275 49.60 51.925 54*25 ; 

32 46.88 49.360 51.34 54.320 56.80 

33 48.84 51.480 54.12 56.760 59.40 

34 50.83 53-63S 56.44 59*245 62,05 

33 52.85 55.825 58.80 61.775 64.75 

36 54-9° 58.050 61.20 64.350 67.5° 

37 56.98 6O.3 IO 63 64 66.970 70.30 

38 59*°9 62.605 66.12 69.635 7 3-15 
39 61.23 ^4-935 68.64 72*345 76.05 

40 63.40 67.3OO 71.20 75.100 79.00 

4i 65.60 69.7OO 73.80 77.900 82.00 

42 67.83 72.135 76.44 80.745 85.05 

43 70.09 74-6°5 79,12 83.635 88.15 

44 72.38 77.IIO 81.84 86.570 9I*3° 

43 74.70 ■79.650 84.60 89.550 94.50 

46 77.05 82.225 87.40 92-?75 97*75 
47 79*43 84.835 90.24 95-645 101.05 

48 81.84 87.48O 93.12 98.760 104.40 

49 84.28 9O.l60 96.04 IOI.92O 107.80 

5° 86.75 92.875 99.00 ,05.I25 111.25 

51 
89.25 95.625 102.00 io8*375 1 *4-75 

52 
91.78 98.4IO 105.04 1114.670 118.30 

53 94-34 IOI.23O 108.12 115>.oio 121.90 

54 96*93 IO4.O85 111.24 118.395 125*55 

55 99*55 106.975 114.40 121.825 129.23 

56 102.20 IO9.9OO 117.60 125.300 133.00 

’ 57 104.88 I I 2,860 120.84 128.820 136.80 

58 107.59 115.855 124.12 132.385 140.65 

59 110.33 II8.885 127.44 135*995 144.55 

60 113.10 121.950 130.80 1 39.650 148.50 
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Tab. III. 

A table of the amount of 1 pound for years, at com¬ 
pound intereft. 

Years. 3 Per C. 3i Per <-'• 4 per C. 4| per C. 5 per C. 

1 1.03000 I.O35OO 1.04000 1.04500 1.05000 

2 1.06090 I.O7I 22 1.08160 1.09202 1.10250 

3 1.09273 I. IO872 1.12486 1.14116 1.15762 

4 1.12551 1 •147 5 2 1.16986 1.19252 1.21550 

5 1.15927 1.18769 1.21665 1.24618 1.27628 

6 1.19405 1.22925 1.26532 1.30226 1.34009 

7 1.22987 1.27228 1-31593 1.36086 1.40710 

8 1.26677 1.31681 1.36857 1.42210 1-47745 
9 1-30+77 1.36290 i-4233i 1.48609 I-55132 

10 I-3439I 1.41060 1.48024 1.55297 1.62889 

11 i-38423 1.45997 * - 53945 1.62285 I-7I034 
12 1.42376 1.5 I 107 1.60103 1.69588 1.79585 

13 1.46853 1 -56395 1.66507 1.77219 I.88563 

H 1 • 51259 I.61869 1 -73167 1.85 194 1 -97993 
*5 1 *55797 ‘•67535 1.80094 1.935-28 2.07893 

16 1.60470 1-73398 1.87298 2.02237 2.18287 

17 1.65285 1.79467 1.94790 2.11338 2.29202 

18 1.70243 1.85749 2.02582 2.20848 2.40662 

*9 !-75350 I.9225O r2.10685 2.30786 2.52695 

20 [.80611 1.98979 2.19112 2.41171 2.65330 

21 1.86029 2.O5943 2.27877 2.52024 2.78596 

22 1.916-10 2.I3I5I 2.36992 2-63365 2.92526 

23 1-9,7359 2.206l I 2.46471 2.75216 3.07152 

24 2.03279 2.28333 2.56330 2.87601 3.22510 

25 
- .1 

2.09378 2.36324 2.65583 3-00543 3-38635 

26 2.15659 2,44596 2.77247 3.14068 3-55 567 
27 2.22129 2-53l57 2.88337 3.28201 3 73345 
28 2.28793 2.62017 2.99870 3.42970 3.9 zo13 

29 2.35656 2.71188 3.11865 3.58403 4.11613 

30 
^—••.■» ■ ■ ■ 

2.42726 2.80679 3.2434° 3-745 32 4.32194 
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Tab. Ill, 

Years. 3 per C. 3t per C. 4 per C. 47 per C. 5 Pei; 

3 1 2.50008 2.90503 3-373 13 3.91386 4.53804 
32 2.57508 3.00671 3.50806 4.089.58 4.76494 
33 2.65233 3 11194 3.64838 4.27403 5.00319 
34 2-73I9° 3.22086 3-7943* 4.46636 5 -2 5 3 3 5 

. 35. 2.81386 3-33359 3.946O9 4-66735 5.51601 

36 2.89828 3.45026 4’,03°3 4.87738 5-79'Si 
37 2.98523 3.57102 4.2.'-8o9 5.09686 6.0814I 
38 3.C7478 3 69601 4.4388! 5.32622 6.38548 
39 3*1^7°3 3.82557 4.6163 ( 5.56590 6-7°475 
40 3.26204 3 95S26 4.80102 5.81636 7-0399P 

4i 3-3599° 4.09783 4.99306 6.07810 7.39199 
42 3.46069 4.24126 5.19278 6.35 161 7-7 6i59 
43 3.56452 4.38970 5.40049 6.63744 8.14967 
44 3-67*45 4-54334 5.61651 6.936 12 8.55715 
45 3*78159 4.7.0236 5.84117 7.24825 8.9850 

46 3.895O4 4 86694 6.07482 7-S7442 9.43426 
47 4.01I89 5.03728 6.3 1781 7.91 527 9.90597 
48 4-I3225 5-21359 6.57053 8.27I45 10.401 27 
49 4.25622 5.39606 6.83335 S.64367 «0.92133 
5° 4.3839° 5.58492 7.10668 9 °32^3 (1.46740 

51 4.51542 5.78040 7-39°95 9.439!° 1 2.04077 
52 4.65088 5.9827! 7.68659 9.86386 1 2.64281 
53 4.79041 6.19211 7.99405 IO*3°774 13.2749,- 
54 4-93412 6.40883 8.31381 10.77158 13.93869 
55 5.08215 663314 8.64637 11.25631 14.63563 

56 5.23461 6.86530 8.99222 11.76284 15.3674! 
57 5-39*65 7.10558 9*35191 12.29217 16.13578 
58 5-5534° 7.35428 9.72599 12.84532 16.94257 
59 5.72000 7.61168 10.11 502 I3*42335 7.78970 
60 5.89160 7.87809 10.51963 14.02741 18.67918 

N 
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Tab. IV. 

A tabic of the amount of * pound annuity for years, 
at compound intereft. 

Years. 3 per C. 3. per C. 4 per C. 47 Per c- 5 per C. 

j 
2 
3 
4 
5 

1.00000 
2.03000 
3.09090 
4.18363 
5-309I3 

1.00000 
2.03500 
3.10622 
4-21494 
5.36246 

1.00000 
2.04000 
3.12160 
4.24646 
5.41632 

1.00000 
2.04500 
3.13702 
4.27819 
5.47071 

1.00000 
2.05000 

3-1525° 
4.31012 
5.52563 

6 

7 
8 

9 
10 

6.46841 
7.66242 
8.89233 

10.15910 
11.46388 

6.55015 
7.77941 
9.05169 

10.36849 

11-73139 

6.63297 
7*89829 
9.21422 

10.58279 
12.00611 

6.71689 
8.01915 
9.38001 

10.80211 
12.28821 

6.80191 
8.14201 
9.54911 

11.02656 
12.57789 

11 

12 
*3 
>4 
J5 

12.80779 
14.19203 
15.61779 
17.08632 
18.59891 

13.14199 
14.60196 
16.11303 
17.67698 
19.29568 

13.48635 
15.02580 
16.62684 
18.29191 
20.02359 

13.84118 
15.46403 
17.15991 
18.93211 
20.78405 

14.20679 

15*9J 713 
17.71298 
19.59863 
21.57856 

16 
17 
18 

19 
20 

20.15688 
21.76159 
23.41443 
25.11687 
26.87037 

20.97103 
22.70501 
24.49969 
26.35718 
28.27968 

21.82453 
23.69751 
25.64541 
27.67123 
29.77808 

22.71934 
24.74171 
26.85508 
20.00356 

3,-37I42 

23.65749 
25.84036 
28.13238 
30.53900 
33.06595 

21 
22 
Z3 
24 
25 

28.67648 
30.53678 
32.45288 
34.42647 
36.45926 

30.26947 
32.32890 
34.46041 
36.66653 
38.94986 

31.96920 
34.24797 
36.61789 
39.08260 
41.64591 

33-783*4 
36.30338 
38.93703 
41.68919 
44.56521 

35-7*925 
38.50521 
41.43047 
44.50200 
47.72710 

26 

27 
28 

29 
30 

38.55304 
40.70963 
42.93092 
45.21885 
47-57541 

41.31310 
43.75906 
46.29063 
48.91080 
51.62268 

44-3II74 
47.08421 
49.96758 
52.96628 
56.08494 

47.57064 
50.71132 

53-99333 
57.42303 
61.00707 

51.H345 
54.66912 
58.40258 
62.32271 
66.43885 
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Tab. IV. 

Yea. 3 per C. 3a per 4 per C. 4-5; per C. 5 per C. 

3* 
32 
33 
34 
35 

50.00268 
52.50276 

55*07784 
57.73018 
60.46208 

54-4*947 
57-3345° 
60.34121 
63.45315 
66.67401 

59,3*833 
62.70147 
66.20953 
69.85791 
73.65222 

64.75239 
68.66624 
72.75622 
77.03025 
81.49662 

70.76079 
75.29883 
80.06377 
85x6696 
90.32031 

36 

37 
38 
39 
40 

63.37594 
66.17422 
69.15945 
72.23423 
75.40126 

70.00760 
73-45787 
77.02889 
80.72490 
84.55028 

77.59831 
81.70224 

85-97°33 
90.40915 
95.0255! 

86.16396 
91.04134 
96.13820 

101.46442 
107.03032 

95.83632 
101.62814 
107.70954 
114.09502 
120.79977 

41 
42 
43 
44 
45 

78.66330 
82.02320 
85.48389 
89.04841 
92.71986 

88.50954 
92.60737 
96.84863 

loi.23833 
105.78167 

99.82653 
IO4.81960 
IIO.OI238 
H5.4I288 
121.02939 

112.84669 
118.92479 
125.27640 
131.91384 
138.84996 

127.83976 

•35-23*75 
'42-99334 
151.14300 
159.70015 

46 

47 
48 
49 
5° 

96.50146 
100.39650 
104.40839 
108.54065 
112.79687 

110.48403 
I*5-.3S°97 
120.38826 
125.60184 
130.99790 

I26.87O57 

*32-94539 
I39.2632O 
*45-83373 
152.66708 

146.09821 
153.67263 
101.5879c 
160.85036 
178.50303 

168.68516 
178.11942 
188.02539 
198.42066 
209.34799 

51 
52 
53 
54 
55 

117.18077 
121.69620 
126.34708 
*31-13749 
136.07162 

136.58284 
142.36327 

*48-34595 
154.53806 
160.94689 

■59-77377 
167.16472 
■ 74.85130 
I82.84536 
*91 -*59* 7 

■87.53566 
■96.97477 
206.83853 
2«7.>4637 
227.9I796 

220.81539 
232.85616 
245.49897 
258.77392 
272.71262 

56 
57 
58 
59 
60 

■— 

14U15377 
146.38838 
151.78003 

*57-33343 
163.05344 

167.58003 

•74-44533 
181,55092 
188.90519 
196.51688 

199.80554 
208.79776 
218.14967 
227.87566 
237.99068 

239.1742: 
250.937K 
263.22928 
276.O746C 
289.49795 

287.34825 
302.71566 
318.85144 
335.79402 

353-58372l 

N 2 C H A P. 
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CHAR V. 

A collection of quefions to exercife the federal rules 
of arithmetic• 

Quejl. i. 
A Merchant buys 890 C. %q. grofs weight of 

goods, but tare is to be fubtradted at the rate 
of i\lb. to the hundred of grofs weight, how much 
neat weight will remain? 

Grofs weight is the weight of the goods, together 
with the cheft, bag, &c» 

Tare is the cheft, bag, but, cafk, &c. which 
contains the goods. 

Neat weight is the weight of the goods alone. 

8904 x 8 zz 7126 ftone, and 14lb. zz 1 {tone, and 
112 lb. zz Sjti 

then %fi. : 1 ta. : : qiiGJL : zz 89J ftone, 

the tare. 
from 712 6 
take 89I 

remains 7036f the neat weight. 

Queft. 2. 
1 

A merchant buys 2 35$. weight of goods, but 
is to have an additional allowance of 4 lb. tret for 
every 100 lb. weight of goods. Then how much 
weight does he receive of all? 

Tret is the allowance made to the buyer, of fo 
much per hundred, &c. over and above. And Clof 
another allowance of the fame kind. 

3 to 
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to IOO 

add 4 

Say as, ioo : 104 : : 235 : 244.4lb, Anfwer, 

Quejt. 3. 

If 200 lb. weight of goods coft 3/. at what price 
mull a pound be fold, to gain 10/. in the hundred 
laid out ? 

100 
10 

100 : no : : 3 : 3.3 advanced price. 
200 : 3.3 : : 1 : .0165/. the price of ilb. 
but .0165/. = 3.96 pence, near 4d, a pound. 

1 ‘ v 

£)ueft. 4. 

How much fugar, at 8 d. a pound, may be bought 
for 10C. weight of tobacco, at 3/. the C. ? 

I C, : 3 /. : : 10 C. : 30/. the value of the to¬ 
bacco. 

then, fince 8 d. is 4 of a pound, 

^/. : 1 lb* \ \ 30/. : 30 x 30 = 900lb. of fugar. 

5- 

Two merchants, A and B, barter with one an¬ 
other thus, A has 43 yards of broad cloth, worth 
95. 2 d, per yard, but in barter he will have 11 s. a 
yard. B has lhaloon, worth 2 s. per yard, which 
he charges at 2 s. 6d. How much (haloon muft A 
receive for his cloth» and what does he gain or lofe 
by the bargain ? 

1 , 

N 3 ■' • In 
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In this queftion, firft find what the cloth comes to 
at the advanced price; then how much fhaloon, at its 
advanced price, may be bought for that mpney *, and 
laftly the true value of both. 

iy. : nr. : : 437. : 473*. the price of tfcscloth. 
2 is. : ly, : : 47 3 s. 189I yards of the fhaloon re¬ 

ceived, 
then ly. : 9is. : : 43> : 394^ = 394*.—zd. 

the value of the cloth. 
and 1 7. ; 2s. : : 18947. 2 3784 ■= 378s.—4^d. 

the value of the fhaloon. ——-. 
diff. 15J.— 

So A lofes 15s.—94^. by the bargain. 

Stueft. 6. 
■v 

A hath 100 pieces of fijk worth 3/. a-piece; but 
he charges them at 4/. a-piece, and barters them 
with B for wool worth 7/.— %os. the C weight. 
How much wool muft A receive from B for the fiik, 
that both may be equal gainers ? / 

In this queftion the price of B’$ wool muft be 
advanced in the fame proportion as A’s filk. 

3/. : 47. : : y\L : 10/, the advanced price of the 
wool. 

then 100/. x 4 rr 400/. the value of the filk. 
10/. : iC. : : 400/. : 40 C„ the quantity of wool. 

Queji. 7. 

How many ducats, at $s.~6cl. may be had for 
250 dollars, at 4s.—3^. a-piece? 

66d. zz a ducat, 51 d. zz 1 dollar. 
25° X 51 == 12 750d. the value of 250 dollars. 

zzJ93 ‘%t ducats. 

Sueft, 
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gue/l. 8. V ! 

A man would exchange 200L for dollars, at 54 
ducats at 6$df and crowns at 73^. and would hare 
2 ducats and 3 crowns for 1 dollar. How many of 
each muft he have ? # * 

200 
20 

54 in i dollar 
2 x 68 12 136 si 2 ducats 400 0 

3 x 73 =3 219 = 3 crowns 12 .- \ f 

409 is fum. 480004 

Now it is plain, as oft as 405 is contained in 48000, 
lb often 1 dollar, 2 ducats, and 3 crowns muft 
taken.k. 

ii7“^the.dollars, 
409 

234r§4the ducats. 
35?^%thc crowns, , 
•* 

guejt. 9, 
A man buys 120 ftavcs at 3 a penny, and after¬ 

wards 120 more for 2 a penny; how muft he fell 
them out to lofe nothing ? 

3) 120 rs 40 d. for the flrft bargain. 
2) 120 — 60d, for the fecond bargain, 

240 100 

tood. : 240Ji. :: id. : 2*/. per penny; 
that is, 12 ftaves for 5 pence, 

N 4 Queft* 
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^ Quzfi' I o. 

A tradefpan begins the world with ioool. and 
finds that he can gain 1000/. in 5 years by land 
trade alone, and that he can gain 100ol. in 8 years 
by fea trade alone *, and likewife that he fpends 
1000/. in 2 \ years by gaming. How long will his 
dlate lad, if he follows all three? 
t I*. ^ t 

1000 
m~ - —i- 

5 
1000 

TT 

200 his gain by land trade in 1 year. 

125 his gain by fea trade in 1 year. 

325 his whole gain. 
T-IK-« * 

2 COO 
■-zz 400 his lofs by gaming in 1 year. 

the difference 75 his lofs by all three in 1 year. 

then 75/. : ly. : : 1000/. : 13^- years his edate 
will lad. 

There were 25 coblers, 20 taylors, 18 weavers, 
and 12 combers, fpent 133 fhiliings at,a peering; 
to which reckoning 5 coblers paid as much as 4 

taylors, 12 taylors as much as 9 weavers, and 6 
weavers as much as 8 combers * how much did each 

\ 3 

company pay r 

Find 4 numbers by the rule of three to expref$ 
thefe proportions, as thefe, 

coblers, taylors, weavers, combers, 

5 : 4 3 4 
that is, 5 coblers paid as much as 4 taylors, or 3 
weavers, or 4 combers. Suppofe each company 

paid 
\ 
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paid i fhilling, then, by the Tingle rule of falfe, 
X man in £ach company will pay 4 i t i 
which multiply by the number 25 20 18 12 

vof men -—-.— 
produces 5563 
whofe Turn is 19*, then it will be 

19 •: 133 : : 

!5 : 35J. for the coblers. 
5 : 35--taylors. 
6 : 42--weavers. 
3 : 21-——combers. 

V 

/ 

Slueft. 12, 

There is an ifland 72 miles about, and two foot¬ 
men Tec out together to travel round it the fame way. 

* A travels 9 miles a day, and B 7. To find the time 
they will be together again. 

It is plain A will overtake B when he leads him 
the circumference of the ifland. 

A —9 • ' 
B-7 

2 miles gained by A in 1 day. 

then 2 m. : 1#. : : 72 m. : 36 days, the Anfwer, 
, * v’ , 'i ■•''1 

, » ■ v 

■ ijrt- : ■ J. , ,7.:* - • ... ' 
' - y ' • *i * f * +. J * , 

Queft. 13. 

There is an ifland 73 miles round, and 3 footmen 
all ftart together, to travel the fame way about it. 
A travels 5 miles a day, B 8, and C 10. When will 
they all come together again ? 

B-8 
A-5 *' * ' : 

B gains 3 miles a day of A. 

V C—10 
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C—xo 

A- 5 

C gains 5 miles a day of A. 

then 3m. : id. : : 73m. : 244days when A and B 

" [meett 
and 5 : 1 : : 73 4 144 days when A and C 

[meet, 
Now 244 days being the period of B’s meeting with 
A, and 144 days, the period of C’s meeting with A; 
and they can never meet but at the end of thefe 
periods. Therefore B and C can never both meet 
with A, but when Tome number of B’s periods i$ 
equal to fome, number of C’s periods. Therefore 

. find two whole numbers which are in the fame pro¬ 
portion, as 24- to 144, which will be 365 and 219. 
Therefore after 365 of B’s periods, or 219 of A’sj 
all three men will meet again, and not before, as 363 
and 219 are in their leaft terms. Therefore thepme 
of meeting is 219 x 247 5329 days. 

Queft. 14. 

. A clock hath two hands or pointers, the firft, A, 
goes round once in 12 hours, the fecond, B, once 
in an hour. Now, if they both fet forward together, 
in what time will they meet again ? 

Here A goes only ^ of the circumference in an 
hour. ' \ . ■ N 1 

Alfo B goes die whole circumference in an hour. 
So B gains if of A in that time. t, \.r ~ 

Therefore ~C : ib. : : iC : — b.— i^b.zz 
12 O \ 41 

1 h. : 5-^0*. theAnfwer. 

«. x. i<> v * •: ' 

J Quejl. 

5 
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%<?/?.-15. 

A greyhound is coupling a hare, which is 100 
of her leaps before him^ and the hare takes 4 leaps 
for every 3 leaps of the greyhound, but 2 of the 
greyhound’s leaps are equal to 3 of the hare’s. How 
many leaps muft he take before he catch her ? 

2 gr. : 3 ha. : : %gr. : 4i hare’s leaps zz 3 of the 
greyhound’s. 
Therefore, for every 3 leaps of the greyhound, the 

hare lofes f of one of hers. T herefore 

ih. : %gr. : : 100/, : 600 of the greyhound’s 
leaps * the Anfwer, 

Queft. 16. 

Four merchants, A, B, C, D, gain 2000 L by 
trade, whereof f of A’s fhare is equal to | of B’s, 
4 of C’s, and 4- of D’s. What fhare had each? 

Take a number at pleafure, and divide in pro¬ 
portion to their fhares, -then proceed by the Tingle 
rule of falfe. 

A 120 
B 80 

C 75 
P 72 

Two merchants &gether make up a (lock of 600/. 
A’s (lock continued in company 9 months, and B’s 
11, they gain 200/. which they divide equally. 
How much did each put in? 

Since 
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Since the gains are equal, A’s flock multiplied by 
his time 9, is equal to B’s flock multiplied by his time 
11; therefore A’s flock is to B’s flock as 11 to 9. 

11 • •> ' 

9 

20 : 600 
f 11 : 330 A’s flock. 

(. 9 : 270 B’s flock. 

An apothecary has feveral fimples, A hot in 3 
degrees, B hot in C temperate, D cold in 2; 
and he intends to make :up 17-drams, to be in 1 
degree of cold. How much of each muft be taken? 

Put 1, 2, 3, &c. for the 4th, 3d, 2d, &c. de¬ 
gree of cold, and proceed by the rule of alligation, 

1 
r C ^ f 
I f 

I 

7 ' 

T8 I 
6 I 

< ^ I 

Is ■1.2.4 

1 At of A, B, C, 

11A of D. r 

Queft. 19. 

A faftor delivers 6 French crowns and 4 dollars 
for 53 s.—6d. ,and at another time 4 French crowns 
and 6 dollars for 49^.—iod. What was the value 
of .each?- . : - - * * : v!-“ 

. Suppofe, by the double rule of falfe, there are q 
French crowns * 
then 4 doll. = 53k, 1 doll. — 13!-. o 1 
and 4 cr. 6 doll. ‘== 80^. 

1 er. + 30^ 

Again, 
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Again, fuppofe 1 crown, then 4 dollars = 47*5 

and 1 dollar = nt, 
and 4 crowns + 6 dollars = 75^ 

49^4 
——”* 

2 er. + 25 A 
V# j 

diff. er. 5) 30A (6A = 64.— id. the value of a 
crown. 4 * \ 

and 4“ or 4= a dollar. 

N • Queft. 20. 

Three companies of foldiers paffing by a fhepherd, 
the firft takes half his flock and half a fheep, the 
fecond takes half the remainder and half a flieep, the 
third takes half the laft remainder and half a fheep; 
after which the fhepherd had 20 fheep remaining. 
How many had he at firft ? 

By the double rule of falfe, 
’ fuppofe two numbers, as fol¬ 

lows. 

1 fup. 9 2 flip. 20 • ■ 20 

5 iot 9 

1 rem. 4 i rem. 9-* 
1 

11 
* \ i8|- 

2 rem. it 2 rem. 4i 
# 1 

88 , 

1i ^ 8 11 

3 rem. i~ 
i&T 4i 

2 rem. t 
it) 2024 (147 20 20 

20 

1 er.—19^ ■ 
> 

2 er.—18-t 

1 
167 fheep, 

the Anfwe'r. 
* 

1 gueft. 
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$ue t. 21, 

There is a fifh whofe head is 9 inches in' length* 
and his tail is as long as his head and half his body, 
and his body as long as his head and tail. How lonp- 
was the fifh. ? 

up. body 0. 2 fup. body 1 

head 9 head 9 
4 body 0 t body f 

tail 9 tail 9f 

body 18 body i8f 
0 I 

1 er. —18 2 er.—i7t 

-IS -17* 

18 
iyi 

i) 18 (36 the body* 
27 

? 9 
. 18 — 

— 72 the whole fifh. 
tail 27 — 

There is an annuity of 75/. in reverfwn, which 
is not to commence for feven }*ears, and then it is 
to continue for 14 years; what is the prefent value 
of it at 4 per cent, compound intereft? 

1 4 hv , ;,i " ?7 ' ' ' 

A 4 4 -v j-r- / s 

Find 
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Find the prefent worth of the annuity of i /. for 
14 years, and then the prefent worth of that fum 
of money for 7 years, which multiply by the an¬ 
nuity. 

By Tab. III. and IV. the prefent worth of 1 L 

annuity is = 10.56313. Then by Tab. III. 

the prefent worth of 1 /. 7 years hence, 1 

this multiplied by 10.56313 gives — 

8.02713, the prefent worth of r/. annuity in rever- 
fion; laftly, 8.02713 x 75 zz 602.035/. the prefent 
value required* 

i-^593' 
10.56313 

ueJL 23. 

There is a houfe rented at 25 /. a year for 21 .years ~9 
but the tenant is defirous to pay 100/. fine (or prefent 
money). How much rent then mud he pay, allow¬ 
ing 5 per cent, compound intereft? 

By Tab. III. and IV. the prefent worth of iL 

annuity for 21 years, is . then fay, 

(pr.) : 11 (an.) : : 100L (pr.) = g|f| 
— 7.7997/. the rent anfwering the fine of lOoL 

then from 25.0000 
take 7.7997 

remains 17.2003 the rent fought. 

Cf A 

f 

t> BOOK 
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I 

I 

The Theory of Numbers. 

CHAP. I. . 
# , I " . 

Numbers produced by addition, fubtrailion, mul¬ 
tiplication, and divijion. Of odd and even num¬ 
bers. Prime and compojite numbers. Num¬ 
bers that are prime to one another, and Juch 
as meafure others. Powers and products of 
fquares, cubes, &c. 

PROP. I. 

If A and B be two numbers; then A added to B is the 
fame fum as B added to A. 

FO R if both of them be re- B, 5. A, 3. 
folved into its units, and A, 3. B, 5. 

placed in a right line, they will — -- 
count to the fame number, begin 8 8 
at which end you will. — •-- 

Cor. Hence if fever at numbers are to be added toge¬ 
ther, they will amount to the fame fum, whatever order 
they are faced in. Or if fever al numbers are to be fub- 
tra£led-> it is the fame thing, whether they be fubtrailed 
one after another, or all together* 

PROP, 

1 
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PROP. Ii. 

If two numbers A, B, are to be multiplied together ; the 
pro dull of A multiplied by B, is equal to the product 
of B multiplied by A, A, 3. B, 5. 

B, S' A, q. 

For A times 1 = to the units 15 15 
in A — ice A. . —— —— 
And A times B = B times that product, that is = B 
times A. 

Cor. 1. If feverat numbers are to be multiplied to¬ 
gether j they will make the fame produft, in whatever 
order they are multiplied. 

Cor. 2. If feveral numbers, A, B, C, are to be 
multiplied together •, it is the fame thing, whether A 
be multiplied by the pro dull of the reft BC; or A be 
multiplied fir ft by B, and the pro duel by C ; and fo on. 

For by either method the product will be ABC. 

Cor. 3. And on the contrary, if a number ABC is to 
be divided by another BC ; it is the fame thing whether 
ABC is divided by BC at once ; or it be divided firft by 
one factor B, and then the quotient by another faft or C, 
and fo on. 

For ~ = A (Ax. 8); and = AC (Ax. 8), 

J , ' AC ...... ABC 
and then —A (Ax. 8), that is, = -jgj. 

PROP. III. 

If the number S, be made up of the parts A, B, C; 
the produft of S, by any number M, is equal to the 
fum of the fever al produft s, made by multiplying fe- 
parately% each particular part A, B, C3 by M. 

O For 
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For MxS = MxA+B+C(Ax.4)=rA+B-fC x M 

(Pr. 2). But A+ B -f- C times M is nothing elfe but 
taking M as oft as there are units in A+B+C ; that 
is, as oft as there are units in A, and alfo as oft as 
there are units in B, and alfo in C ; and that is, 
AM -}- BM + CM. Therefore MS — AM + BM 
+ CM = (Pr. 2) MA + MB + MC. 

, A, B, C, 
s> J3 =3+4+6 
M, 5 5 

65 =i5+20+3° 
— t — 

Cor 1. If D be the difference of two numbers A and 
B \ then D multiplied by any A, B, 
number M, is equal to the D, 2 =9 — 7 
difference of the produlls, of M, 5 5 
A by M, and B by M. — - 

10 =45~35 

Cor. 2. 7fS=A+B + C, WM = F+G; then 
the pro dull of the wholes, S x M = fum of the products 
of all the parts of one, by all the parts of the other, 
FA+FB + FC + GA+ GB + GC. 

For SM = MA-\- MB + MC = b'+ G x A 4- F-f-G 
x B 4. F + G x C = FA 4. GA + FB 4. GB 4- 
FC 4- GC. 

1 PROP. IV. 

'The quotient arifing by dividing the fum of two or more 
numbers (A-f-B), by any divifor D ; is equal to the 
fum of the quotients arifing by dividing the parts A, B, 
feparately by the fame divifor. That is, 
A + g _ A , B A + B A B 

D ~~ D D‘ 

1 -1 4.* 
■ 33 3' 

For 
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For let the whole be called S, then fince A + B 
— S, any part of A, together with the fame part 
of B = the like part of S (Ax. 5); that is, 
A _B _ S _ A+B 
D ‘ D _ D _ T‘ 

prop. y. 
If any multitude of even numbers be added together, the 

fum will be even. 

For fince an even number may be divided into two 
equal whole numbers, let thefe numbers be 2A, 2B, 
2C, &c. then the fum will be 2 A + 2B -j- 2C, &c. • 
and the half is A-j- B -j-- C, £sfr. a whole number 
(Def. 14). 

Cor. If an even number be taken from an even 
number, the remainder is even. 

PROP. VI. 

If an wen multitude of odd numbers be added together 
their fum is even. 

For thefe odd numbers may be reprefented 
by 2 A + 1, 2B + 1, &c. And the fum of 
2A and 2B, is an even number (Pr. 5). 
And an even number of units, is an even 
number. Therefore their fum is an even 
number. 

9 
7 
5 
3 

24 

Cor. An odd multitude of odd numbers added toge¬ 
ther makes an odd number. 3 

5 
1 

l5 

t 

PROP* 
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PROP. VII. 
If there be taken an even number from an odd number, 

cr an odd number from an even number \ the remainder 
is odd. 
For let 2A be an even number, then 7 10 

jfince 2A taken from an even number, 4 7 
leaves an even number (Cor. Pr. 5); — — 
therefore 2 A taken from that even num- 3 3 
ber and if more, will leave 1 more; that — — 
is, an odd number will remain : and alfo 2A~}- i (an 
odd number) taken from that even number, 1 lefs 
will remain •, that is, an odd number remains. 

Cor. If an odd number be taken from an odd number, 
the remainder is even. 

PROP. VIII. 
If an odd number be multiplied by an odd number, the 

y produtt will be odd. 

For the product confifts of an odd number taken 
an odd number of times, and therefore is odd 
(Cor. Pr. 6). 

Cor. 1. If an odd number be divided by an odd num¬ 
ber , the quotient will be odd. 

Cor. 2. Every number is odd) which meafures an odd 
number. Or an even number cannot meafure an odd 
number. 

PR O P. IX. 
If an even number be multiplied by any number, even or 

odd, the prcdudl will be even. 

For the produdt confifts of the even 6 6 
number taken fo many times as there 2 3 
are units in the multiplier, and therefore — — 
will be even (Pr. 5). , 12 18 

Cor. 1. If an even number be divided by an odd 
number, the quotient will be even. 

Cor. 
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Cor. 2. If an odd number meafures an even number, 
it/ball alfo meafurehalf of it. 

Cor. 3. If an odd number A, be prime to any number 
B, it fhall be prime to its double 2B. 

For no even number can meafure A (Cor. 2. Pr. 8); 
and an odd number which meafures 2B, will alfo mea¬ 
fure B (Cor. 2) ; and then A and B would not be prime. 

Cor. 4. A number which is prime to any in a double 
progreJfion> is prime to them all. 

21)27(1 
21 

P R O P. X. • 
If there be two numbers, A the greater, and B the leffer, 

and the lefjer B be continually taken from the greater 
A ; and the remainder C frpm B; and the next re¬ 
mainder D from C; and the next remainder E from 
D, and fo on, till nothing remains. 1 fay, the laft 
number E that remained, will be the great eft common 
meafure of the numbers A and B. 

27)75(2 

54 
For E meafures D, fince o re¬ 

mains ; and it alfo meafures C 
which is fome multiple (once or 
oftener) of D with E over (Ax. 10, 
11). For the fame reafon it mea¬ 
fures B, which is a multiple of C 
with D over; and laftly, it mea¬ 
fures A, which is a multiple of 
B with C over. Therefore E is — 
a common meafure. o 

And it is the greateft; for . if there was one F 
greater than E, then fince F is fuppofed to meafure 
A and B, it alfo meafures C (Ax. 11); and for the 
fame reafon fince F meafures both B and C, it alfo 
meafures D ; and fince it meafures both C and D, 
it alfo meafures E, the greater the lefs; which is 
abfurd. , O 3 Cor. 

6)21(3 

18 

)6(2 
6 
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Cor. I. If there be two numbers given, and the 
greater be divided by the lefs $ and then the lejfer divided 
by the remainder •, and this remainder by the next re¬ 
mainder , and fo ony ft ill making the laft remainder a 
divifor. By proceeding thus, if 1 remains at laft, then 
the two given numbers are prime to one another. 

Ex. 28 and j9. i9)28(7 
, ' 19 

9)19(2 

- , . ■ 18 

09(9 
' , 9_. 

o 
Cor. 2. If a number F meafures feveral numbers, it 

will alfo meafure their great eft common meafure E. 
This is plain from the demonftration of this prop. 

For if F meafures A and B, it alfo meafures E, the 
greateft common meafure of thefe two quantities. 
And if F meafures E and a third number: it mea¬ 
fures their greateft: common meafure; that is, it 
meafures the greateft common meafure of all the 
three numbers * and fo on. 

PROP. XL 

If the number N be the leaft, which feveral other 
numbers meafure *, thefe numbers fhall only meafure all 
the multiples of N, but no other number bejides. * 

For ftnce they meafure N, they fhall alfo meafure 
2N, 3N, &c. or in general rN (Ax. 10), r being 
any number. 

But they can meafure no other number as P; for 
take rN the neared multiple to P; then ftnce they 
meafure both rN and P, they will alfo meafure their 
difference (Ax. 9). But that difference is lefs than N ; 

3 there- 
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therefore N is not the lead number which they mea- 
fure * contrary to the hypothecs. 

Cor. If feveral numbers meafure any number \ the leaft 
which they meafure Jhall alfo meafure the fame number; 
that is, their leaft common dividend, Jhall alfo mea¬ 
fure it. 

PROP, XII. 

If N be the leaft number (or the leaft common dividend) 
that fever al prime numbers, A, B, C, meafure: no 
other prime D Jhall meafure the fame. 

For if the prime D meafures it, then D mu ft be 
a factor in N, as well as A, B, C, are *, and then 
N would not be the leaft number, which A, B, C, 
meafure. 

PROP. XIII. 

If two numbers9 A, B, be prime to one another; the 
number C, which meafures one of them A, will be 
prime to the other B. 

A.) 9. B, 4* 
For if C and B be not prime to C, 3. D . . 

one another, let D meafure both. 
But becaufe D meafures C, it alfo meafures A 
(Ax. ip) *, confequently A and B are not prime to 
one another: contrary to the hypothefis, 

PROP. XIV. 

If two numbers, A, B, be prime to any number C> 
their pro dull AB will be prime to it* 

For no numbers can meafure AB and C, but fuch 
(prime) fadtors as A, B, and C, A, 5. C, 8. 
are made up of. But in A and B, 3, 
C there are none that are com- •-- 
mon to both; becaufe A and C AB, 15. ^ 
are prime to one another *, nor in B and C for tne 

- ' O 4 fame 
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fame reafon. Therefore let A be denoted by the 
factors F and Qj that is, let A — PCQ and B — RS; 
and alfo C = EF-, then AB — PQRS. Now it is 
evident that PQRS and EF are prime to one ano¬ 
ther, becaufe there is no factor common to both, 
therefore their equals AB and C are prime to one 
another. 

Cor. i. If feveral numbers, how many fo ever^ 
A, B, C, D, &c% be each of them prime to any number 
F; their product, A BCD GtV. will alfo be prime to 
the fame F. 

For (by this prop.) AB and C are both prime to 
F *, therefore ABC is prime to F. Again, ABC and 
D are both prime to F ; therefore ABCD is prime 
to F. 

Cor. 2. If one number A be prime to another F; its 
fquare, cube, or any power An, Jhall alfo be prune to the 
fame number F. 

This is evident from Cor. i. by fiipoofing A, B, 
C, D, &c. all equal. 

PROP. XV. 

If two numbers, A, B, be -prime to one number C, and 
alfo to another D ; their products AB and CD Jhall 
alfo be prime to one another. 

' \ 

For AB is prime to C, and alfo to D (Pr. 14); 
therefore AB is prime to CD. 

Cor. 1. If fever al numbers, A, R,' C, D, &c. be 
prime to each of the numbers F, G, H, J, Gfr. then their 
products, A.&CD, and Gfc. will be prime to 
one another. 

*For (by this prop.) AB is prime to FG, and fince 
AB and C are prime to FG and H ; therefore ABC 
is prime to FGTL Again, 'fince ABC and D, are 

. prime 
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prime to FGH and I, therefore ABCD is prime to 

FGHI, 

Cor. 2. If two number5,, A, F, be prime to one an¬ 
other ♦, then any power of one Am, will be prime to any 
power of the other F\ 

This follows from Cor. t. by fuppofing B, C, D, 
&c. = A, and G, H, I, = F. 

PROP. XVI. 

'If two numbers, A, B, be prime to one another, and 
each of them meafures fome number D •, then their 
product AB fhall me&fure the fame number D. 

For fince A and B are prime to one another, there 
is no fadtcr common to both ; and fince they both of 
them meafure D, therefore they both are fadtors 
in D. Therefore let D = ABF, then A and B mea¬ 
fure ABF, and it appears that AB meafures ABF 

cr D. 

Cor. If feveral numbers A, B, C, &c. be prime to 
one another *, and each of them meafures another D *, 
then their product ABC, Jhall meafure the fame 
number D. 

- - " T \* V 

PROP. XVII. 

If two numbers, A, B, be prime to one another •, their 
fum A + B will be prime to either of them. 

If you deny it, let D be the common meafure of A 
andA-pB, then it will meafure the refidue B(Ax.n). 
Therefore A, B, are not prime : againft the hypo- 
thefis. 

Cor. If a number be prime to one of its parts; it is 
alfo prime to the remaining part. 

PROP. 
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. PROP. XVIII. 

If the number A be -prime to B ; then A Jhall meafure 
no multiple of B, lefs than AxBj or whofe multi¬ 
plier is lefs than A. 

Let r be any number, and fuppofe r times B, or 
rB to be fome multiple of B. Now the numbers 
A, B, being prime to one another, there is no fador 
common ro both A and B : therefore if A meafures 
rB, it mult mealure r alone. But it can never mea¬ 
fure r lefs than itfelf: therefore r mult be equal to 
A, or to fome multiple of A. 

Cor. If A, B, be prime to one another; then A Jhall 
meafure all the multiples of AB, and no other multiples 
cfB befides. 

- PROP. XIX. 
i 

More prime numbers may be founds than any propofed 
multitude, A,B, C. 

Let N be the lealt number which A, B, C, mea^ 
fure ; then if N —j— i be a prime number, another 
prime is found. But if it is a compolite number, 
then fome other prime, as D, meafures it, and fo the 
prime D is found. 

i 

PROP. XX. 

Let M be any number, i, 2,3, 4, £sV. then M x 6— 1, 
and M x 6 1, conftitute a feries, which contains 

* all prime numbers above 3. 
/ • 

For thofe left out of the feries are no primes. For 
6M -f 2j and 6M — 2, are not primes, being di- 
vifible by 2. Alfo 6M+3, and 6M—3, being di- 
vifible by 3, are no primes. But thele are all the 

. numbers left out. 

PROP. 



Chap. I. of NUMBERS. 203 
1 

PROP. XXL 

No number is a fquare number, that confifis not of two 
equal fattors; nor a cube, that confifis not of three 
equal fattors; and fo for higher powers. 

This appears from the definition of fquare and 
cube numbers; and other higher powers. For 
a fquare requires to have two equal multipliers, or 
elfe a fquare could not be produced; and a cube 
muft have three. And fo on. 

Cor. 1. cfihere is no fuch thing as the exafcl fquare 
root of 2’ 3, 5, 6, 7, 8, 10, (Sc. Nor the exatt cube 

root of 2, 3, 4, 5> 6, 7, 9, . 
For there are no fuch factors to be found m theie 

numbers, and infinite others. For example, the 
two factors in 2, are 1 and 2 ; in 3, 1 and 3 •, in 6, 
2 and 3, (Sc. and therefore they are no fquares. 
Again, the three factors in 2, are 1, 1, and 2 •, in- 
3, are 1,1, and 3 ; in 12, they are 2, 2, and 3, (Sc. 
which are no cubes. 

Cor. 2. All numbers are furds, zvhofe roots are not 
fome of the natural feries, 1, 2, 3, 4, 5, 6, &V. ad 
infinitum. 

PROP. XXII. 

<phe fum of two numbers differing by a unit, is equal to 
the difference of their fquares. 

Let N and N+1 be the numbers; 
multiply - - N+i 
by - - N+i 

the fquare of N1 - - NN+N+N + i 
the fquare of N - - - NN fubtraft 

remains - N+N+i> 
the fum of the two numbers. 

Cor. 
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1 3 
2* 3‘ 4* 5* 6* y\ 

5 7 9 11 13 
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Cor. The differences of, the fquares of o, 1,2 2 a 

(sc. proceed by the odd numbers, 1,3, 5, y, esc * * 

PROP. XXIII. 

^ °f and number of terms (n), 0f the feries of 
01 J numbers \, 3, 5, 7, &V. is equal to the fquare 
(nn) of that number. 

Set down the feries of 
fquares, and their diffe- 

rences, according to Cor. Pr. 21? and by adding them 
we mall have ° 
o-j-i or the fum of i term — iz or i, 
1 3 or the fum of 2 terms == 2* or 4* 
4~h5 or the fum of 3 terms zz 3* or 9, 
9+7 or the fum of 4 terms = 4* 0r 16,’ 

16+9 or the fum of 5 terms = 5* or 25’andfoon. 
, hence it is plain, let « be what number you will, 

the fum ot n terms will be — nn. 

PROP. XXIV. 

The fum of two numbers multiplied by their difference, 
is equal to the difference of their fquares. 

r , A-j-E 
Let the numbers be _E 

A, E ; which mukipli- - 
ed together will produce AA-f AE 
AA—EE (Prop. 3, and —AE—EE 
Cor. 1). 

AA —EE 

*' S0rV, difference of the fquares of two numbers, 
ts divifibley by either the fum or difference of thef'e 
numbers. J 

PROP. 
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PROP. XXV. 

The fum of two cube numbers is divifible by the fum of 
their roots. Or the fum of any two numbers will 
me afur e the fum of their cubes. 

Let the numbers be A, E; multiply AA—AE-fEE 
by A-f E 

A1—AaE-|-AEE 
+A2E—AEE+E3 

(by Pr.3. and Cor.) produd, A3 - - - - +E? 

Therefore A3+E3 is divifible by A+E (Ax. 8). 

PROP. XXVI. 

\The difference of any two numbers will meafure the dff?• 
rence of their cubes. 

If A, E, be the mult. AA-)-AE -j- EE 
numbers; by A—E 

, ' A3+A2E+AEE 
—A2E-AEE~E3 

the produd (Pr. 3) A3 - - - —E; 

Therefore the produd A3—E3 is divifible by A—E 
(Ax. 8). 

PROP. XXVII. 

The pro duff of two fquare numbers, is a ffuare number; 
and of two cube numbers, a cube number: and fo on. 

For AA x BB = AABB = AB x AB, the fquare. 
of AB. 

Alfo A3 x B3 — AAABBB —ABABAB, the cube 
of AB, and fo of others. 

Cor, 
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Cor. If a fquare number divide or meafure a /quart 

number *, or a cube number a cube number \ &c. the quo- 
' tient will be a fquare5 or cube number, &c. refpeftively* 

A ARR 
For > = A A (Ax. 8), the fquare of A* 

A3B3 
and -gr = A3, the cube of A ; &c. 

\ 

PROP. XXVIII. 

Every power of a fquare number is a fquare number; 
and every power of a cube number is a cube number; 
and fo on• 

For A A or Az is the fquare of A; and A A2 or 

A4 is the fquare of AA. AA* or A6 is the fquare 

of A3. AA5 or A10 is the fquare of As, 

Again* AAA2 or A6 is the cube of AA : and 

AAA5 or A9 is the cube of A3: alfo AAA4 or A,a 
is the cube of A4, &V. and fo of others. 

\ 

CHAP. 

I 
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CHAP. II. 
V/- " vi 

Of proportional numbers, and thofe in geometrical 
progrefjion. Mean proportionals. plane 
and folid numbers. 

PROP. XXIX. 

If four quantities. A, B, C, D, are proportional-, the 
produbt of the means is equal to the product of the 
extremes, AD = BC. 

F OR fince A : B t A C 
D; then -g = = r 

(Def.27); and A — Br, C = Dr (Ax. 4,5). Whence 
AD — BrD, and BC = BDr (Ax. 4); therefore 
AD = BC (Ax. 1). 

Cor. 1. 1'hefirfi is to the third, as the fecond to the 
fourth-, A : C : : B : D. 

For fince AD = BC, then = §5 (Ax. 5), 

A B 
that is, ~ , or A : C : : B : D. 

Cor. 2. 'd’he fecond is to the fir ft, as the fourth 
to the third, or B : A : : D ; C. 

For fince BC = AD, 

B _ D 
A C* 

BC AD,. . f . 
AQ — (Ax. 5)5 that is. 

Cor. 3. A : B : : A 4- C : B+D : : A — 
C : B — D. 

j.\ 

For fince ^ = r, and A = Br, C zz Dr; then 

A 4- C = Br 4* Dr = B 4- Dxr (Ax, 2); there¬ 

fore 
A + C A 
r+T3 = r = F (Ax-O-. In 
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In like mannner A '■—* C — Br — Dr ~ B — D 

x r, and 
A — C 
£ — D 

whence A : B : : A 

+ C:B + D: : A — C : B — D (Def. 27). 

Cor. 4. If any like parts or multiples of A and B 
be denoted by r, then A : B : : rA : rB. 

For ^ = r =. therefore rA : A : : rB : 

B (Def. 27); and rA : rB : : A : B (Cor. 1). 
Cor 5. If A : B : : C : D; D can only be\ 

whole number, when A meafures the product BC. 
BC 

For AD = BC, and D = (Ax. 5). 

Cor. 6. If three numbers, A, B, C, <2r<? continual 
proportion \ then the fquare of the mean is equal to the 
product of the extremes, BB == AC. 

This is plain, by fuppofing the two middle terms 
to be equal s and then the fourth becomes the third. 

PROP. XXX. 

If two number Si A, B, are prime to one another, no 
other numbers can be found in that proportion, but 
what are fome multiple of A and B. 

Let C, D be others in the fame 
proportion, then fince A : B : : 

A, 5. 
C, 10. 

C : D, then AD zz BC (Pr. 29); and 

^5 3* 
D, 6. 

(Ax. 5). Now D can only be a whole number, when 
A meafures BC (Cor. 5. Pr. 29). But A being prime 
to B, there is no fa&or common to both •, therefore 
if A meafures BC, it mu ft meafqre C alone s that is, 
C is fome multiple of A, and confequently D is fome 
multiple of B, 

Cor. 1. Numbers, A, B, that are prime to one an¬ 
other, are the leaf of all numbers in the fame propor¬ 
tion. 

Cor. 2. Numbers, A, B, that are the leaf in a given 
proportion, are prime to one another. For 
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For if they are not prime, they may' be reduced 
to lefs numbers in the lame proportion. 

PROP. XXXI. 

If there he a fcries of numbers, A, B, C, D, (greater 
than 1) in continual proportion ; and the extremes 
A,D prime to one anoth r\ there cannot be found an¬ 
other number in the fame proportion. 

Let E be another term, / A . B : C : D : E 
if poflible; then A:B:: 8 12 18 27 
D : E •, and A : D : : 
B : E (por. 1. Pr. 29); but A, D, are prime to one 
another by fuppofition; therefore B, E are multiples 
of A and D (Pr. 30.); therefore A meafures B. And 
fmce A meafures B, therefore B meafures C, and C 
mealures D (Def, 27)*, therefore A meafures D 
(Ax. 10). Therefore A and D are not prime to one 
another : contrary to the hypothefis. 

Cor. 1. If two numbers (greater than 1) be prune 
to one another, there cannot be found a third number 
in the fame proportion. 

PROP. XXXII. 

If there be feveral numbers, A, B, C, D, in continual 
proportion, and the extremes A, D prime to one an¬ 
ther ; then thefe numbers are the leaf of all numbers in 
the fame proportion. And the contrary. 

For let E, F, G, H, be other A : B : C : D 
numbers in the fame proportion. 8 12 18 27 
Then fince A : B : : E : F, E F G H 
therefore A : E : : B : F : : 
C : G : : D : H (Cor. 1. Pr. 29). And A : D 
: : E : H (ib.). But A* and D are prime to one 
another, by fuppofition, and therefore the leafh in that 
proportion (Cor. i.Pr. 30.) therefore E, H are greater 
than A, D •, and all of them, A, B, C, D, are lefs than 
E, F, G, H. P On 
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On the contrary, if A, B, C, D are the lead in 
that proportion, then A and D are prime to one an¬ 
other. For if you fuppofe E, H to be prime to one 
another, then E, F, G, H will be the leaft in that 
proportion: contrary to the hypothecs. 

Cor. If A, B, C, D be in continual proportion, and 
the extremes A, Dprime to one another ; then all other 
numbers, E, F, G, H, in the fame proportion, mujl 
be fome multiple of A, B, C, D. 

For it being A : D : : E : H, and A, D be¬ 
ing prime to one another (this Prop.), E, H muft 
be lome multiple of A, D (Pr. 30). Therefore 
E, F, G, H are multiple of A, B, C, B. 

PROP. XXX ILL 

In a feries of numbers the leaft in continual proportion; 
if there be three numbers, the extremes are fqiiares; 
if four, cubes; and in general if there be n numbers, 

the extremes are the n —- ith powers of two numbers3 
which are the leaft in that proportion. 

For let A, B A, 4 : B, 6 : C, 9. 
be the leaft in A, 8 : B, 12 : C, 18 : D, 27. 
that proportion, 
then AA, AB, BB are continual proportionals, in the 
fame proportion of A to B (Cor. 4. Pr. 29). And 
fince A, B are prime to one another (Cor. 2. Pr. 30)* 
A A and BB will be prime to one another (Cor. 2. 
Pr. 15); therefore A A, AB, and BB are the leaft 
in the proportion of A to B (Pr. 28)5 where the 
extremes are fquares. 

For the fame reafon A3, A*B, AB% B3 are the leaft 
in continual proportion of A to B; where the extremes 
are the cubes of A and B. And fo of others. 

Cor. 1. Between two fc[uare numbers there is one 
mean proportional \ between two cubes, two means. 

And in general^ between two nth powers, there are n— 1 
means. For 
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hor between A A and BB there is the mean AB, 
and between the cubes A3 and B3 are the means AiB, 
AB1. And fo forward. 

Cor. 2. In a feries of numbers, the leaf in continual 
proportion; two numbers, which are the leaf in that 
proportion, meafure all the means. 

For both A and B meafure AB, the mean of three 
proportionals. Alfo both A and B meafure A*B and 
AB1, the two means of four proportionals. And 
fo on. 

Cor. 3. If there be three numbers the leaf in continual 
proportion, the fum of any two is prime to the other. 

For in the numbers A A, AB, BB no number can 
meafure any one of them, and alfo the fum of the 
other two. 

PROP. XXXIV. 

In a feries of numbers in continual proportion, if the firfi 
meafure not the fecond 5 neither Jhall any one meafure 
any other, 

I fay, for example, B does A : B : C : D : E 
notmeafureE. For, as E 16 24 36 54 81 
is the fourth from B, take F . G H I 
the four numbers, F, G, 
H, I, the leaf! in that proportion; then B : C : : 
F : G ; therefore B : F : : C : G : : D : H 
: : E : I (Cor. 1. Pr. 29); and B : E : : F : I 
(ib.). But F, I are prime to one another (Pr. 32). 
Therefore F does not meafure I (except F be 1), 
and confequently B does not meafure E. 

Here F is not 1, for A : B : : F : G. If F 
was 1, F would meafure G, and A meafure B; 
contrary to the hypothefis. 

Cor. If the firfi meafure the laft> it Jhall alfo meafure 
the fecond. 

For if you fay it meafures not the fecond, then it 
fhall not meafure the lafl: againft the hypothefis. 

P 2. PROP. 
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PROP. XXXV. 

If between two numbers there fall feveral mean pro¬ 
portionals ; fo many, fhall alfo fall between two other 
numbers, having the fame proportion. 

For fuppofe the four quan- 27 : 36 : 48 : 64 
tities, A5, A2B, AB\ B3, to 54 : 72 : 96 : 128 
be the leaft in that propor¬ 
tion. Then, fince A3 and B3 are prime to one another 
(Pr. 32), all other numbers, in that proportion, mu ft 
be fome multiple thereof (Cor. Prop. 32). Take any 
number, r, and let rA\ rB3 be the extremes-, then 
rAzB and rAB2will be the means (Cor. 4. Pr. 29). 
And the like for any other number of mean propor¬ 
tionals. 

PROP. XXXVI. 

If between two numbers, prime to Gne another, there 
fall fever al mean proportionals; fo many fhall alfo fall 
between either of them and a unit. And the contrary, 

. For in the four proportional numbers, A3, A2B, 
AB\ B3, there are two means, A2B, AB2, between 
A3 and B3, which fuppofe to be prime. Now put 
A zz 1, then the four propbrtionals become 1, B, 
B% B3*, where B and BB are the two means. Again, 
put B z i, then the four proportionals become A3, 
A% A, 1 j where A and A A are the two means. 

And on the contrary, between A3 and B3 two 
mean proportionals fall (Cor. 1. Prop. 33). And 
fo of others. 

PROP. XXXVII. 

If there be a feries of numbers continually proportional; 
and the firft be a fquare, the third fhall be a Jquare. 
If the firft be a cube, the fourth fhall be a cube. 
If the firft be a fourth power, the fifth fhall be a 
fourth power. Let 
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Let AA : B : C-, then AAC BB (Cor. 6. 
BB 

Pr. 29), and C zz — therefore C is a fquare (Cor. 

Pr. 27). 
Again, let A3 : B : C : D; then BB zz A3C 

(Cor. 6. Pr. 29), and B3 zz A3BC (Ax. 4), and BC 

zz (Ax. 5). Alfo A3D zz BC (Pr. 29), ahd 

confequently A3D zz ^-5 and D zz *, therefore 

D is a cube (Cor. Pr. 27). 
T> D 

Likewife if A4 : B : C : D : E. Then C zz t—, 

and A4E zz BD zz CC zz 

fourth power, whofe root is 

A8’ 
B 
A3 

and E zz a 

And fo on. 

PROP. XXXVIII. 
/ 

In a feries of numbers continually proportional, begin¬ 
ning at 1; any prime number, that meafures the lofty 

ft>all meafure all the reft after the unit. 

Let the feries be 1 : A : A A : A3 : A4 : A?; 
and let the prime P meafure A5-, then if you deny 
that P meafures A, then P is prime to A, and there¬ 
fore it is prime to A5 (Cor. 2. Pr. 14)\ contrary to 
the hypothefis. 

Cor. 1. If any number meafures the laft and not the 
firft (after the unit)9 it is a compofite number. 

Cor.- 2. If the firft term (after the unit) be a prime, 
no other prime ft all meafure the laft. 

Cor. 3. In a feries of continual proportionals from 1, 
if the term next 1 be a prime i no number Jhall meafure 
the laft, but thofe in that feries. 

For A, A\ A3, £s?c, all meafure A?; and no others 
do, becaufe A is a prime number (Cor. 2. Pr. 14). 

P nr 
3 

P R O P. t 
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PROP. XXXIX. 

If four numbers are proportional, and three of them 
fquares, the fourth is a fquare; and if three of them 
be cubes, the fourth is a cube *, and fo on. 

Suppofe A A : BB : : CC : D, then A AD zz: 

BBCC (Pr. 29), and D zz "—^(Ax. 5); therefore 

D is a fquare (Cor. Pr. 27). 
Again, A3 : B3 : : C3 : D; then A3D zz B3C33 

B3C3 
and D zz and D is a cube (Cor. Pr. 27). 

Cor. Hence the proportion of a fquare number to one 
not fquare, cannot be exprejfed by two fquare numbers; 
neither can the proportion of a cube number to one not 
cube, be exprejfed by two cube numbers. 

P R O P. XL. 
The produff of two like plane numbers is a fquare 

number \ and of three like folid numbers, a cube \ &c. 

Let ab9 AB be two like plane numbers; then fince 
a : A : : b : B, wefhall have aB z= Ab (Pr. 29). 
But ab x AB zz aBbA zz Ab x bA, or aB x aBy 
a fquare, whofe root is ^B or Ab. 

Again, let abc, ABC, EFG, be three like cube 
numbers*, then fince a : b : : A : B, and a : c 
: : E : G; alio R : C : : F : G; therefore aB zz 
i»A, <sG zz rE, and CF zz BG *, then abc x ABC x 
EFG zz 0 X £A x cE x BG x CF — a X aB x 
aG x BG x BG zz aJB G\ a cube, whofe root is 
&BG or ^CF, or £AG, or />CE, or rAF, or rBE. 

Cor. 1. Jf the produff of two numbers be a fquare; 
cr of three numbers a cube; they are fimilar plane or folid 
numbers. 

For if it is not a : A •: : b : B, then it is not 
dB zz Abut rather dB zz Db, and then we fhould 
not have aB x bA, or aB x ^B, a fquare number 
(but rather dB x dD)\ contrary to the hypothecs. 

' Cor. 
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Cor. 2. Two dijfmilar plane numbers cannot produce 

a fqnare. 
For a fquare is only produced from fimilar num¬ 

bers (Cor. 1). 
Cor. 3. If the fquare of a number, A,' be a cube, 

the number itfelf A, is a cube. 
For A3 is a cube by nature, and Aa is a cube by 

A3 y 
fuppofition; therefore — or A is a cube (Cor. Pr. 27). 

Cor. 4. If any number meafure or divide a fquare 
number *, quotient will be a plane number, fimilar 
to the divifor. 

PROP. XLI. 
Between two like plane numbers there is one mean pro* 

portional \ between two like folid numbers there are 
two means \ and fo on. 

Let ab, AB be two like plane numbers; then 
thefe numbers J a : A 
are proportional \ b : B 

whence thefe are 7^ . Ah . AB (Cor. 4. Pr. 29). 
proportional J v ^ 

Again, let abc> ABC be two fimilar folid numbers j 
then 

f a : A 
* £ : B 
_ / c : C 

whence thefe are K abc : A be : ABc : ABC (Cor. 4. 
proportional £ Pr. 29). 
And fo on for others. 

Cor. 1. Thefe are like plane numbers. that have one 
mean proportional between them; and like folid numbers, 
/to have two means: And fo on. 

For fince ab : Ab : ABj therefore abAB ~ 
aB 

AbAb (Pr. 29), and aB Ab (Ax. 5); alfo 

thefe numbers 
are proportional J 

A£ x b 
= in? ('b.) or - = AB 
(Def. 27). 

A — B’ 
therefore a : A 

P 4 

& : B 

Like* 
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Likewife abc X ABc — A be x Abe, or zz A£, . 
whence a : A : : b : B; alfo abc x ABC zz Afo 
X ABc, or <sC zz Ac, whence a : A : : c : C. 
And fo of others. 

.* r '. ; • 

Cor- 2. Between two nonfimilar numbers, or “more 
means cannot be found. 

For if there were any means, the numbers would 
be fimilar (Cor. i). 

PROP. XLII. 

Like plane numbers are to one another, as the fquares of 
their fimilar fides or factors; and like folid numbers 
are as their cubes; and fo on. 

For if ab9 AB be fimilar planes, then a : A : : 
b : B, and aE zz Ab ; but ab : AB : : aab : 
*?AB or AAb : : aa : AA (Cor. 4. Pr. 29). 

Again, if abc, ABC are fimilar cubes, then fince 
zz A£, and zz Ac, therefore abc : ABC : : 

x : aa x ABC (Cor. 4. Pr. 29) : : a1 x £c 
: A x Ab x Ac : : at : A3 (Cor. 4. Pr. 29). 

Cor. No numbers prime to one another, except fquares, 
tfre fimilar plane numbers. 

For if they be fimilar plane numbers, they are not 
prime; for if ^»be prime to A, yet b and B are fame 
equal multiple of A; and therefore are not prime 
to one another (Pr. 30). 

— *, * ‘ r *' - . 

PROP. XLIII. 

If ei number of any power meafures another number of 
the fame power; then the root of the fir ft will meafure 
the root of the laft. And the contrary. 

For in the continual proportionals, A3, AZB, AB’q 
B3; fince A3 meafures B3, it alfo meafures A2B the 
fecond term (Cor. Pr. 34), But fince A3 : A2B 
'• : A : B (Cor. 4. Pn.25); therefore if A3 meafures 
A"B, A will meafure B (Def. 27). On the contrary. 
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if A meafures B, A3 will meafure A2B; and 
AB2 *, and AB,2 B1 : therefore A3 mealures 
(Ax. 10). 

Cor. If the power dees not meafure the power, neither 
JJjall the root meafure the root; and the contrary. 

For if you fay A meafures B, then fhall A3 mea¬ 
fure B3; contrary to the hypothecs. 

And if you fay that A3 meafures BT, then A will 
meafure B \ likewife againft the hypothecs. 

* #*■ * 

I 
I 

C H A P. 
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CHAP. III. 

The properties of particular numbers. Divifors 
and aliquot parts. Circulating numbers> and 

fucb as terminate, or run on ad infinitum by 
divijion, 

A 
PROP. XLIV. 

LL the powers of any number, ending in 5, will 
alfo end in 5 : and if a number ends in 6, all its 
powers end in 6. 

For 5 times 5 is 25. And 6 times 6 is 36. 

PROP. XLV. 

No number is a fquare > that ends in 2, 3, 7, or 8. 

This is plain by fquaring all the natural numbers 
to 10. 

PROP. XLVI. 

Any even fquare number is divifible by 4.' 

The root is even (Pr. 9), therefore let 2n be the 
root, then 4#0 is the fquare of it s and 4 meafures 
or divides 400. 

Cor. ytf number confifting of two, &c. 
fquares, divifible by 4. 

PROP. XLVII. 

yf/z odd fquare number, divided by 4, leaves a remainder 
of 1. 

The root of an odd fquare is odd (Pr. 8), there¬ 
fore let 2/z -f 1, be the root, which multiplied by 

4 ' itfelf, 
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itfelf, gives the fquare \nn + \n + 1, but 4 will 
meafure 4nn + 4n9 and 1 will remain. 

Cor. If a number confifiing of two odd fquares, be 
divided by 4, // leaves a remainder of 2 •, of three odd 
fquares, it leaves a remainder of 3, 

' ’ ' • - ' 

PROP. XLVIII. 

In every fquare number, the number of divifors is odd; 
in nonquadrate numbers, even. 

Let 36 be a fquare 1 
number ; now fince any di- 2 
vifor and its quotient, are two 3 
divifors; therefore if they be 4 
fet down together, you will 
find them to proceed by couples, till you come to 
the fquare root, where the divifor and quotient are 
the fame, and therefore that makes an odd one- 
But in a number not fquare, there is no fuch odd 
divifor, for they proceed by couples to the laft, and 
make an even number of divifors. 

Cor. If the number of divifors be odd, it is a fquare 
number \ if even, it is no fquare, 

PROP. XLIX. 

Any power cf a prime number hath as many aliquot 
parts, as is the dimenfion of its power. 

36 X aabb 
18 a abb 

' 12 b aab 

9 aa bb 
ab 

As if a be a prime, then any power as contains 
the 3 aliquot parts 1, a, aa, AiTo a* contains thele., 
1, a, aa, a\ which are 4 ^ and lb on. 

Cor. The number of divifors in any power of a prime 
number, is equal to the index of the next fuperior power 
thereof. 

For it is 1 more than the number of aliquot parts. 

P R O P- 
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PROP. L. 

In any number made up of different primes or their 
powers ; the number of divifors thereof is equal to 
the continual pi odufrl of the indices of the next fupemor 
powers oj thefe primes. 

F01 the Giviiors of*aare t, a, aa, ad (Cor. Pr.48); 
thatis4. And the divifors 
of a1 fry are fuch as are 1, a, aa, a' 1 
produced by multiplying b, ba9 baa, bad I12. 
1, a, ad, a\ by each of bb,bba,bbaa,bba% J 
the divifors in fry that 
is, by 1, b, bb, which will make 4X3 or 12 di¬ 
vifors. Likewife the divifors in a'frc, are had by 
multiplying thefe twelve into 1, c, the two divifors 
of c, which will be 4 x 3 X 2 = 24 j and fo on. ^ 

, i ' . . A 
Cor. If the powers of fever al different prime num¬ 

bers be multiplied together; the number of divifors in 
the pro dull, is equal to the produbl made by the num¬ 
ber of divifors in each power, multiplied together. 

For the number of divifors in a3 is 4, in fr is 3, 
in c is 2 \ and in adfre is 4 x 3 X 2 zz 24. 

PROP. LI. 

Any number divided by 9, will leave the fame remain¬ 
der, as the fum of its figures or digits divided by 9. 

Let there be any number, as 7604 ; this feparatecl 
into leveral parcels becomes 7000 -f 600 + 4 j but 

7000 zz 7 x ioco =z 7 X 999 -4- 1 zz 7 X 999 +7. 
In like manner 600 zz 6 x 99 + 6. Therefore 7604 
— 7 x 999 + 7 + 6x99+6"k4—1 y x 999 4. 

6x99+7+6 + 4. Therefore - Z*??q+6><9? 
9 9 

. 74-6-P4 
4--—1 (Ax.5); but 7x999 + 6x99 is evidently 

9 
divilible by 9, therefore 7604 divided by 9 leaves the 

remainder 
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remainder 7+6 + 4 to be divided by 9, which is 
nothing elfe but the fum of the digits 7 + 6 + o +4, 
And the lame holds for any other number. 

Cor. 1. If any number is divifible by 9, the fum of 
its figures or digits is divifible by 9. And the contrary. 

For then the remainder will be nothing, in both 
of them. 

Cor. 2. Any number divided by 9, leaves the fame 
remainder, as when all the figures of it are any way 
tranfpofed, and then divided by 9. 

For the fum of the digits ilill remains the fame. 

PROP. LII. 

Any number divided by 3, will leave the fame remainder, 
as the fum of its figures or digits divided by 3. 

mg 
For fuppofe any number, as 7604, and proceed- 
g as in the lafh Prop, we have 7604 z= 7 X 999 + 6 

X99 + 7 + 6 + 4 = 7X 3X333 +6X3X33+7 
. ^ . ,7604 21x333 + 18x33 , 7+6 + 4 
+ 6+4, and -— i---• 

But it is evident 21X333 + 18x33 is divifibly by 3, 
confequently there remains only 7 + 6 + 4 to be di¬ 
vided by 3, which is the fum of the digits, as was 
propofed. 

Cor. 1. If any number is divifible by 3, the fum of 
its digits is alfo divifible by 3 ; and the contrary. 

For in both cafes nothing will remain. 

Cor. 2. Any number divided by 3, leaves the fame re¬ 
mainder as it would do, when its digits are tranfpofed 
and placed in any ether order. 

For the fum of the digits remains the fame in any 
pofition.. 

PROP. 
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PROP. LIIL 
If any two numbers are feparately divided by 9, and the 

two remainders multiplied together, and that product 
divided by 9, this loft remainder will be the fame, as 
if you divide the product of the two firfi numbers by 9. 

For let 9A + a, and 9B + b, be two numbers; 
a, b, being the two remainders. Then the produdi 
of the two numbers is 9 x 9 AB + 9 A£ + 9Ba + ab. 
But 9x9 AB + 94^.+ is divifible by 9; there¬ 
fore there is no remainder but what is had by dividing 
ab by 9. 

Cor. This Prop. holds equally true for the number 3; 
and is demonstrated the fame way. 

PROP. LIV. 
If one number be divided by another prime to it, and the 

divifion continued on indefinitely \ the number of fi¬ 
gures which circulate (or return again) in the quo¬ 
tient, will be always lefs than the number of units in 
the divifor. 

Suppofe 6 divided by 7; 7)6.0(857142,857142,8 
here the divifor being 7, the 5 6 £dV. 
remainder muft be always 
lefs than it, and muft be 
either 1, 2, 3/4, 5, or 6. 
So that in the 7th place, 
if not before, one of thefe 
remainders muft needs re¬ 
turn a fecond time *, and 
the fame remainder return¬ 
ing, as before, a repetition 
of the fame figures muft 
return again in the quo¬ 
tient : and fo forward. 
And it is evident the fame 
will hold for any divifor ; 
the number of remainders, 
being always lefs than the 
number of units in it. 

40 

35 

5o 
49 

10 

7 

30 

28 

20 

14 

6 ?c. 

PROP. 
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PROP. LY. 
t 

If one number divide another prime to it, the quotient 
will end after a certain number of figures, when the 
divifor is compounded of 2 or 5, or both; In all other 
cafes, the quotient will never end. 

For fince dividing by any power cf 2 is equivalent 
to dividing, firft by 2, and then the quotient by 2, 
and fo on; alfo dividing by any power of 5 is the 
fame as dividing firft by 5, and then the quotient by 
5, and fo forward ; and laftly, fince any number 
may be divided by 2 or 5, at molt by adding a cypher- 
therefore it is plain, when the divifor is a compofite 
number made up of the powers of 2 and 5, if the 
divifion be performed continually by the Angle num¬ 
bers 2, and 5, as often as they are involved; that 
fo many feveral operations will end the divifion, and 
the quotient be at an end. 

On the contrary; any number P that is prime to 
2 and 5, will be prime to 2 x 5 or 10 (Prop. 14), 
And the fame being prime to 10, will be prime to 
100, x000, 10000, die. ad infinitum (Cor. 2. Pr. 14); 
and therefore P can meafure none in that feries. 
Likewife if be prime to P, then P will be prime 
to ioQ^> 10oQ^, &c. (Pr. 14). So that P can ftill 
meafure none in this laft feries. Whence if P divide; 
any of thefe, the quotient will continue without end. 
Yet the numbers will at laft circulate, according to 
Prop. 54. 

PROP. LVL 

In any circulating number, the whole circulating or re~ 
peating part, running on for ever; is equal to a vul¬ 
gar fraction whoje numerator is the number repeating 
(or the repet end), and denominator as many <fs as 
there are figures in the repet end. 

As 
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As in the number 24.35076 5076 5076 50y6&c. 

ad infinitum ; £,076 5076 5076 &V. =, zz 
^ 9999 ini’ 

in the leafi terms. 
For Jet C zz whole circulating part, R zz repetend 

or repeating figures 5076 ; then from the whole cir¬ 
culating part, that is, 
from.5076 5076 5076 5076 5076 £s?r. zz C, 

take .5076 5076 5076 5076 &V. zz —-—C, 
- _'_ 10000 

rem. .5076 zz R. 
But this taking away from C the 1 ooooth part 

of itfelf, is equivalent to multiplying C by 1 — 

7-7—1 or by ■, that, is bv — —■9 , where there are 

as many cyphers and 9’s, as there are places of figures 

in the repetend. Therefore ——C = R = .^076, 

j ^ 10000x.5076 5076. ^ r s 
and C zz-D—t~ zz ^-^-zz .5076 5076 5076 

9999 9999. J J J 

&c. infinitum. And it is evident from the procefs, 
that it holds equally for any circulating number. 

Cor. 1. The circulation may he fuppofed to begin at 
any figure of the repetend, and therefore 24.35076 5076 
5076 Cfc. for ever, is zz 24.34^4 = 24.35°76s 

&c. 
24-35°wvt - 24.3507H4I9 = 24.35076 5 O 7 6 

9 9 9 9 

Cor. 2. Hence if the repetend he divided hy as many 
9 V as it confifis of places \ the quotient will he the whole 
circulating par/, or the figures of the repetend^ repeated 
over and over for ever. 

For sl6 = c. 
9999 

Cor. 3, if the whole circulating part he multi¬ 
plied hy a number confifting of as many fis, as there he 
places in the repetend (confidered as a decimal) \ the 
product will he the repetend. 

For 
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F°r 9999 C = 5076, and .9999 C = .5076, the 
firft repetend. 

Cor. 4. If any circulating number be multiplied by any 
given number, the product will be a circulating number ; 
and the repet end will conjift of the fame number of figures 
as before. 

For in the circulating number 5076 5076 (fie. 
every repetend 5076 being equally multiplied, muft 
produce the fame product. And if thefe produdts 
confift of rtiore places, the overplus in each being 
alike, is carried to the next, fo that each product it 
equally increafed, and therefore every four places 
continue alike. And the fame holds for any other 
number. For example, 5076 X 13 — 65988, but 
the 6 belongs to the firft place of 65988 
the next repetend ; which being 65988 
every where added, the repetend 65988 6 

now appears to-be 5994. %99459945994 
But the fame thing does not hold in divifion. 

Cor. 5. If you take any prime number (except 2 and 5) 
for a divifor ; and by it divide 1.0000 &c. till 1 re¬ 
mains, or divide .99999 See. till o.remains *, the num¬ 
ber of cyphers or nines made ufe of will be equal to the 
numoer of figures in the repetend; when the dividend is 
any number which is prime to the divifor. 

For in dividing 1.00 (fic. by any number, when 
1 remains, the figures in the quotient begin then to 
repeat over again, as you had . at firft to begin with. 
And fince 999 (fic. is lefs by 1 than 1000 (fic. there¬ 
fore o muft remain here when the repeating figures 
are at their period. Whatever number of repeating 
figures we have when this dividend is 1 ; we fhull 
have the fame number of figures in the repetend, 
whatever the dividend be, by Cor 4, Therefore 
altering the dividend at pleafure, does not alter the 
number of places in the repetend, the divifor con¬ 
tinuing the fame •, provided the divifor and di vidend 

CL be 

% 
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be prime to one another. For when the contrary 
happens, the quotient will circulate in fewer figures. 

Cor. 6. If a circulating decimal has a repet end of 
any number of figures, it may be considered as having 
a repet end of twice or thrice that number of figures, or 
any multiple thereof. 

Thus in the number 4.137,37,37, Having the repe- 
tend 37 of 2 places * it may be confidered as having 
the repetend 3737^ or 373737 cf 4 cr 6 places, iSc. 

Cor. 7. If two or more numbers be added together, 
that have repet ends of equal places ; the fum will have a 
repetend of the fame number of places. 

This appears from Cor. 1, and by the reafoning 
in Cor. 4. For every column of periods or repetend3 

amounts to the fame fum. 

PROP. LVII. 

If A, B, be two numbers, prime to one another ; and 
each of them divides a number prime to it> and gives 
in the quotients two repetends of C and D places: I 
fay, the fame number divided by the product AB, will 
give a repetend of fo many places, as is denoted by the 
leaf dividend of C and D. 

\ 

For let N be the leaft number that C, D, divide; 
and let a x C rz N z: b X D. Now it'is plain that 
a periods of C will end with b periods of D *, and 
therefore they both terminate together after N places, 
if they begin together, as they may be fuppofed to 
do (Cor. 1. Pr. 56). And they do hot end fooner, 
becaufe N is the leaft dividend. Therefore the repe¬ 
tend confifts of N places, and no more. 

To make it plainer, fuppofe or “ to be 

the fra&ion propofed. Then finee =: 09 &c. 

4 repeats 
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repeats in 2 places, and —■ — .027, &V. repeats in 

three places. And the leaft common dividend of 2 
and 3 is 6, therefore we may fuppofe them both to 
repeat in 6 places (Cor. 6. Pr. 56;. And fince 99 is 
divifible by 11 ; therefore 99,99,99 is alfo divifible 
by 11 ; and fince 999 is divifible by 37, therefore 
999’999>'s a^° divifible by 37. Therefore 999999 
is divifible both by 11 and 37; and therefore it is 
divifible by 11X 37 or 4°7 (rrop. 16). And there¬ 

fore the repetend of — will confifi: of 6 places 
4°7 r 

(Cor. 5. Pr. 56). 

Cor. If the fever al divifors A, B, C, &c. be prime 
to one another, and repeat in E, F, G, &c. places, re- 
fpeiiively. And if N be the leaf dividend ofE, F, G, 
&c. then if the product ABC, &c. be made a divifor, 
the quotient will repeat in N places. 

This follows from Cor. Prop. 16, and the reafon- 
ing in this Prop. 

0.2 C H A P. / 
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CHAP. IV. , 

Numerical Problems. 

PROBLEM I. 

'o find the greatefi common meafure of two or more 
numbers. 

* RULE. TAKE two of the numbers, and divide the 
greater by the lefler, and the leffer by the re¬ 

mainder, and the laft divifor by the laft remainder, 
and fo on, till nothing remain: then the laft divifor 
is the greateft common meafure of thefe two numbers. 

If there be more numbers, take the number laft 
found and another of the given numbers, and find 
their greateft common meafure as before: then this 
is the greateft common meafure of the three given 
numbers. And fo on. This procefs is plain from 
Prop. io. 

Ex. i. 

Find the greateft common meafure of 7 2 and 60. 
60)72(1 

60 

12)60(5 

60 

So 12 is the greateft common meafure of 72 and 
60. 

Ex. 2. 

fo find the greateft common meafure of 72,60 and 28. 
* ;* / 

Find 
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Find 12 the greateft common meafure of 72 and 
60 \ then find the greateft common meafure of 12 
and 28. 

12)28(2 
24 

4)12(3 

12 

So 4 is the greateft common meafure of 72,60^ 
and 28. 

- / 1 

PROBLEM II. 
Two or more numbers being given, to find the leafi num¬ 

bers, that have the fame proportion with them. 

RULE. 

Divide the feveral numbers by their greateft com¬ 
mon meafure; and the quotients will be the num¬ 
bers required. By Cor. 1. Pr. 30. 

Ex. 1. 

Let 12 and 18 be propofed, then 6 is the greateft 
common meafure, found by Prob. 1. 

6) 12 (2 6) 18 (3. 

Then 2 and 3 are the numbers fought. 

Ex. 2. 

Let 6, 4, and 8 be the numbers given ; their 
greateft common divifor is 2. 

2)6(3 2)4(2 2)8(4. 

Then 3, 2, 4, are proportional to 6, 4, and 8, and the 
leaft in that proportion. 

0.3 PRO 
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PROBLEM III. 
Two cr more numbers being given, to find cut their 

leaft common dividend„ 

RULE. 
Take two of the numbers, and divide their pro¬ 

duct by the greateft common meafure of thefe num¬ 
bers ; the quotient is the anfwer for thefe two 
numbers. 

Then take a third number and the laft quotient, 
and divide their product by their greateft common 
meafure ; and the quotient is the leaft number which 
thefe three numbers meafure. And fo on. 

For let the two numbers be A, B •, let P, Cb be 
the leaft in that proportion, M their greateft common 
meafure; then PM = A, QM = B. Then AQ^or 

Uj- is the leaft number A and B can divide or 

meafure. 

If you fuppofe F to be lefs ; let — = G, = H, 

or F = AG or BH, then by proportion P : : : 
A : B : : AG or BH : BG : : H : G (Cor 4. 
Pr. 29). But P meafures H ; and Q meafures G 
(Prop. 30). And O : G :: AO : AG. And 

AB 
fince meafures G, therefore AQ. or meafures 

AG or F; that is, the greater meafures the lefs; 
which is abfurd. 

And if there be three numbers A, B, C; let D zz 
AB 
jg- be the leaft dividend of A and B, and let E be 

the leaft that C and D meafure. Then E will be 
the leaft that A, B, C, meafure. 

For if you fay there is a lefs, as F ; then fince D 
is the leaft that A, B, meafure; therefore D meafures 
F (Cor. Pr. 11); and fince E is the leaft that C, D 
meafure; therefore E meafures F, the greater the lefs: 
which is abfurd. Ex. 
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Ex. 1. 

To find the leafl number which 12 and 15 mea¬ 
fure, or their leaft dividend. 12 

1L 

The greateft common meafure is 3. 60 
12 1 

3) 180(60, anf. 
18 • 

To find the leaft number that 12, 15, and 24 
meafure/ 

60 is the leaft dividend of 12 and 15. Then the 
greateft common meafure of 60 and 24 is 12. 

24 
60 

12) 1440(120, the leaft common dividend, 

PROBLEM IV. 

find out the leaft numbers continually proportional^ as 
many as Jhall be required, in a given proportion. 

RULE. 
Find A, B, the leaft numbers in the given propor¬ 

tion (Prob. 2) ; then A% AB, B% will be the three 
leaft; and AJ, A2B, AB\ BJ, will be the four leaft 
numbers. And in general if n +1 denote the number 
of terms required, then An, An_IB, An_2B2, An"3B], 

■&c. to Bn will be the numbers fought. 
This is plain from Prop. 33. and Cor, 1, 

Ex. 1. 
To find three the leaft numbers in proportion as 

8 to 12. Two the leaft are 2 and 3, therefore the 3 
numbers are 4:6:9. 

0^4 Efy 
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To find the four leaft numbers, as 4 to 6. 

Anf. 8 : 12 : 18 : 27. 

Ex. 3. 

To find five the leaft numbers, as 2 to 3, 

Anf. 16 : 24 : 36 : 54 : 81. 

PROBLEM V. 
Several proportions being given in the leaft terms; to 

find cut the leaft numbers that continue thefe propor¬ 
tions. 

R IJ L K. 

Let A : B, C : D, E : F be the feveral proportions*, 
A : B 

The feveral C : D 
proportions be- E : F 

ing placed as ACE : BCE : BDF7B13R 
m the margin; 
multiply the two firft terms A, B, by the leading 
terms of all the other proportions, C, E ; this gives 
the two firft terms. 

* * '. 

Multiply the latter term D in the fecond propor¬ 
tion, by fuch fadtors as the firft term C is multi- 

■plied by : this is the third term. 
Multiply the latter term F in the third proportion, 

by fuch fadtors as the former E is multiplied by, for 
the fourth term. And proceed thus through all the 
proportions. 

Laftly, divide all by their greateft common mea- 
fure, when there is any fuch. By Cor. 4. Pr. 29. 
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Ex. i. 
Let the proportions be 6 : 5, and 10 : 9. 

6 : 5 
10 : 9 

•   ■■■<-  ■ - ■ ■ 

common divifor 5) 60 : 50 : 45 
anfwer 12 : 10 : 9 

Ex. 2. 

Suppofe 6 : 5, and 4:3, and 2 : 7. 
6 : 5 

4 = 3 
2 : 7 

2x4yd : 2x4x5 : 2x5x3 :5x3x7 
anf. -48 : 40 : 30 : 105 

PROBLEM VI. 
2"0 refolve a number into all its component parts orfaftors. 

RULE. 
Divide the number by 2 as oft as you can, then 

by 3, then by 5, by 7, and all the fmalleft prime 
numbers, till you get a prime number in the quotient. 
Then you have all the compounding prime numbers, 
which being continually multiplied, produce the 
number given. Def. 18. 

■% 

Ex. 1. 

Let 60 be propofed. 

2 3 
2) 60 (30 (15 (5. then 2x2x3X5 = do. 

o , n ex. 

I 
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Ex. 2. 

What are the component parts of 260 ? 

2 2 3 3 5 
2)360(180(90(45,(15(5(1. 

Therefore 2x2x2 X 3 X 3 X 5 ~ 360. 

PROBLEM VII. 

find all the juft divifors of a given number. 

RULE. 
Divide it and all the fucceeding quotients by the 

fmalleft prime numbers in order, till the laft quo¬ 
tient be 1. 1 hen you have all the prime divifors* 
Then multiply every two together, and every three, 
and every four, and fo on. And thus you will have 
all the compound divifors thereof. 

This follows from Prop. 50. 

Ex. 1. 

What are all the divifors of 48.* 
2223 

2) 48 (24 (12 (6(3 (r. Then 1, 2, 2, 2, 2, 3, 
are all the prime divifors, and 1x2, 1x3, 2X2,. 
2x3, and 2 X 2 X 2, 2 X 2 X 3, and 2 X 2 X 2 X 25 
2X2X2x3? and 2X2X2X2X3 ; that is, 1,2,3, 
4, 6, 8, 12, 16, 24, and 48, are all the divifors. 

Ex. 2. 

What are all the divifors of able? ? 
The fimple divifors are 1, ay b, <r, r, r. And all 

the divifors will be 1, c, ab, ac, abcy 
acc? bbc, bcc, abbe, abbe% 

PRO- 
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PROBLEM VIII. 

Vo find a number that jhall have a given multitude of 
divifors. 

R U L E. 

Take the powers of as many prime numbers as is 
Convenient, !o that their indices beine each leffened 
by *, and then multiplied together, may be equal to 
the number of divifors, I fay, thefe powers all mul¬ 
tiplied together is the number iought. And the lefler 
the primes, the leifer the number will be. 

This is plain by i rop. 50. 

Example. 

To find a number having 20 divifors. 

Here 20 — 10x2 — 5x4 = 5x2x2. Then 
take a, A c, d, &c. and any of thefe a19, a9b, a^bzy 
a‘vbc, will do. Let a zz 2, b zz 1, c zz 5. Then 
2'9, 29x 3> 243’, 24x 3x5; that is, 524288, 1536, 
432, 240, will any of them anfwer the queftion. 

Scholium. 

The number of aliquot parts, being 1 lefs, Is 
found the fame way. And by this operation it ap¬ 
pears how to find all the different ways it can be de¬ 
noted : which in this example are but four. But 
any prime numbers may be ufed in each of thefe 
ways. 
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PROBLEM IX. 

jftf reduce a given fradiion, or a given ratio, to the 
haft terms \ and as near as may be, of the fame 
value. 

\ 

1 R U L E. 

Let A, B, be the two numbers. Divide the latter 
B by the former A, and you will have 1 for A *, and 
feme number and a fraction annexe, for B, call this 
C. Place thefe in the firffc ftep. 

Then fubtradl the fradlional parts, from the deno¬ 
minator, and what remains put after C + 1, with a 
negative fign. Then throw away the denominator, 
and place 1 and that laft number in the fecond ftep. 
This is the foundation of all the reft. 

If the fractional parts in both be nearly equal, add 
thefe two fteps together ; if not, multiply the lefter 
by fuch a number as will make the fradlional parts, 
in both, nearly equal, and then add. And this 
multiplier is found by dividing the greater fradtion 
by the lefter, fo far as to get an integer quotient. 
When you add the fteps together, you muft fub¬ 
tradl the fradlional parts from one another, becaufe 
they have contrary figns. 

The procefs is to be continued on, the fame way, 
adding the laft ftep, or its multiple, to a foregoing 
llep, viz. to that which has the leaft fradlion. 

Note. The ratios thus found will be alternately 
greater and lefter than the true one, but continually 
approaching nearer and nearer. And that is the 
neareft in fmall numbers, which precedes far larger 
numbers : and the excels or defedl of any one is vi- 
fible in the operation. 

JL-jS * * 

I 
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Ex. i. 

To find the ratio of ioooo to 7854, in fmall numbers* 

A B 
I 1 <>+.7854 
2 1 1—.2146, firft ratio. 

.21 46) .7854 (3 
3 3 3—.6438 

4 4 3+-1416, 2d ratio* 

5 5 4—.0730, 3d ratio. 
6 9 7+.0636, 4th ratio. 

7 14 11—.0044, 5 th ratio. 
.0044) .0686 (15 

8 210 165—.0660 

9 219 172 +.0026, 6th ratio. 
10 233 183—.0018, 7th ratio. 
11 45 2 355+-ooo8> 8 th ratio. 

.0008) 0018 (2 
12 904 710 +.0016 

*3 1*37 893—.0002, 9th ratio. 
.0002 ) .0008 (4 

14 4548 3572—.0008 

15 5000 3927+.°000, 10th ratio. 

Explanation. 

The ratio of ioooo to 7854. is the fame as 1 to 
04**7854 or 1 to 1—.2146 *, here 1 and 1 is thefirft 
ratio. But 2146 being lefs than 7854, divide the 
latter by the former, and you get 3 in the quotient, 
then multiply 1 and 1—.2146 by 3, produces 3 and 
3 —.6438 as in the 3d ftep. This third ftep added 
to the firft ftep produces 4 and 3 for the integers, 
and fubtradting the fra&ional parts, leaves .14 W. 

So 
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So the 4th ftep is 4 ard 3 r. 1416; and the integers 
4 and 3 is the 2a ratio. In this manner it is con¬ 
tinued to the end♦, and the feveral ratios approxi¬ 

mating nearer and nearer, are ~ -i i. i 
1 3’' 4’ 7’ n* 

2I9 233 452 1137 5000 14 . , 
*7*’ 183’ 355\ 893’ d 3927* Herc 11 1S the 
neareft: in fmall numbers, the defedt being only 
. 44 
10000* 

Ex. 2. 

To find the ratio of 268.8 to 282 in the leafl numbers, 

268^2820(1^14-2—^. 
2688 2688 

132 

1 

2 
1 N i-j-0132, firft ratio. 
* 2—*2556 

132) 255^ (19 
*9 19 + 2508 

4 20 21- 48, 2d ratio. 
48) J32 (2 

5 40 42- 96 

6 41 43 + 36, 3d ratio. 
7 6l 64 — 12, 4th ratio. 

8 
12) 36 (3 

i83 192- 36 

9 224 2 35 5 5th ratio. 

So the feveral ratios are —, —, —, — —A. 
A , . , . . \ 21 43 64’ 235 

And the defedt or excefs is plain by infpedtion, e. g. 

differs from the truth only parts j and 

.but 48 fuch parts. 

The 
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The reafon of this procefs is evident from Cor. 3. 

Pr. 29. For if the terms of equal ratios be added 
together, the fums will be in the fame ratio. 

2 RULE. 

Divide the greater number by the lefter, and the 
divifor by the remainder, and the laft divifor by the 
laft remainder, and fo on till 6 remain. Then 

1 divided by the firft quotient, gives the firft ratio. 
And the terms of the firft ratio multiplied by the 

fecond quotient, and 1 added to the denominator, 
gives the fecond ratio. 

And in general, the terms of any ratio, multiplied 
by the next quotient, and the terms of the foregoing 
ratio added, gives the next fucceeding ratio. 

Ex. 3. 

Let the numbers be 10000 and 31416, or the ratio 
10000 ' • 

31416* 

10000)31416(3 
30000 

I416)10000(7 

9912 

88)1416(16 
88- 

536 

528 

8)88(n 
88 

o 

Then 
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Then — zz firft or leaft ratio. 
3 

Book II. 

1X7 
or 7_ _ 

3x7+1 22 

7x164-1 
or TI3 _ 

22x164-3 355 
U3XII + 7 

r\r 
1250 

355x11 + 22 
CJ1 

3927 ' 

Ex. 4. 

The ratio of 268.8 to 282 is required. 

2688)2820(1 1 
2688 

132)2688(20 
264* 

48)132(2 
96 

36)48(1 

36 

12)36(3 

36 

r. 

O 7 

Then — zz firft ratio. 
1 

1x20 
1X20+ 1 

20X2-J- I 

2lX2-f-I 

4lXl4“20 

43X14-21 

61X34-41 

^4<X 3 + 43 

20 
or — zz 2d ratio. 

21 

or — = 3d ratio. 
43 ^ 
61 u • or zz 4th ratio. 

or —- = 5th ratio. 
235 

\ 

To 

1 
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To prove the truth of this pile, let ——° be the 
/ * J A ^ 

ratio propofed ; this is reduced to *-r. It is plain 
3* 14^ 

that — is the firft ratio, or that exprefled in the lead 

terms. Now inftead of 3 take 34444s- or 34, which 

is more exadt than 3. Then inftead of we fhall 
3 

, r 1X7 
have —7 or = — for the 2d ratio. 

3t 3x7 + 1 22 
Now in¬ 

ftead of 7 take 7t4tt or nearly 7+r* which is nearer 

than 7. Then 1X7 becomes or 
3X/ + I 3x7t-?+i 

1x7X16-4*1 7x*6 + i r u j 
^-vrrfi ,■ f°r the third ratio, 3x7x10+10+3 22x16+3 * 
which is equal to the 2d ratio nlultiplied by 16, - t 
the 1 ft ratio; Again, for 16 take 16-^ or 16~T> 

Which will be more exadt ftill; then ---*-1 \ 
22X16+3 

7$Ci6xii + ii+7 
becomes yfTl 1 -or---—_ ,.....i,..——. 

22X 16+ + 3 22X16XII + 3XII+22 

for the 4th ratio, which is 
 7 x 16 + 1 x 11 + 7 

22 x*6+ 3X ii + 22 
equal to the 3d ratio multiplied by it, the 2d 
ratio; And fo forward, if there were more. 

PROBLEM X. 
To reduce a decimal to a vulgar fratiioni 

* • t /., ■ ■ > • ■ ' ■ ^ ■ \ /*» ■ r 

RULE. 

Place the decimal as a numerator over 1 ,and ai 
many cyphers as there are figures, for a denominator* 
Then reduce it to the loweft terms. 

If the decimal circulate, place the figures of the 
repetend for a numerator* and as many 9’$ for a de¬ 
nominator : and reduce as before. This appears 
from Prop. 56. 

R Ex, 
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Ex. i. 

Let .3065 be propofed. 

.2065 = - divide by 5, then —is the frac- 
* ? xoooo J r ■ 2000 

tion required. 

Ex. 2. 

To reduce 6,32309309309 (Sc. to the form of a 
vulgar fraction. 

Here 6.32309309 (Sc, = 6.32^1- = 6.32-14jr 

„ *324tt^. ^iq759 
*ioo 33360* 

PROBLEM XL , 

Having a vulgar fraction given in the loweft terms, 
denominator a 'prime (neither 2 7Zd?r 5); 
number of figures that circulate, by dividing {he 

numerator by the denominator. 

RULE. 
Divide 9999 (Sc. by the denominator till o re¬ 

mains, then the number of 9*s made ule of, will be 
equal to the number of places imt;he repetend. 

By Cor. 5. Prop. 56. 
' * / .• . ^ ♦ 

* ’ V Ex. 1. 

Suppofe to be given. t 
37 

37)99999(027* ^ere are ^ree nines ufed, therefore 
74* j;he. repetend confifts of 3 places. 
. * "T 

||| ^ ^ .mm v ‘ ^ t 

, 259 
259 

_■ vfc ^ ~ * v , • - r*v- • . • V 

r j 

Ex. 
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% 

Ex. 2. 

,■ Let be propofed. 

11) 999 (9. Here are 2 nines made ufe of, therefore 
99 the repetend has 2 plages. 

P 

Ex. 3. / 

Let y be given. 

7) 9999999 (l42^57. Here are 6 nines, and the 
•: *; * * repetend confifts of 6 places. 

PROBLEM XII. 

Having a vulgar fraction in the loweft terms, the 
4p.nominator made up of two or more different primes 
(neither 2 nor 5) ; to find the number of figures cir¬ 
culating^ by dividing thereby. 

4 
« t • 

RULE. 

Find the number for each fingle prime in the de¬ 
nominator, by Prob. n. Then find the leaft divi¬ 
dend of all thefe, numbers, by Prob. 3. And that is 
the number of figures circulating. 

This appears by Prop. 57. and Cor. 

Ex. 1. 

Let — — be propofed. 
11x37 * t r , 

The repetend by |i <ponfift$of 2 places; and that 
by 37 of 3 places; and 6 is the leaft number that 2 
and 3 divide ; therefore if 13 be divided by 407, 
the repetend in the quotient will confift of 6 places. 
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Ex. 2: V' - ■ ' 

Let the fraction be-^-or . 
3x7x11x37 8547- 

The repetend by 3, 7* 11, and 37, is 1, 6, 2, 3, 
tefpeclively; and the leaft number which 1, 6, 2, 
and 3 meafure, is 6, for the number of places in the 
repetend. 

* * 

1 ‘ »/ > 

Scholium.7 

It is not my defign here to fhew the feveral ways 
of working with circulating numbers, or repeating 
decimals* It is fufHcient for me to explain the gene¬ 
ral principles thereof * that the reader may have an 
idea of the nature of them. For almoft all opera¬ 
tions may be as fpeedily performed by the fhort rules 
delivered in multiplication and divifion of decimals* 
They that would fee more of it may confult Mr* Cm's 
treatife of circulating numbers. 

p 1 n 1 $. 
-•»<’« ‘ • A 

• • • ■ * ■»' v- » - * - 1 ' 

*My 

. Asi . 1 j * % 

£ R R A T A. . , 
Pave 4 Pine .keaJ 
79 8 Ex. c. 

17 Ex. 6. 
27 In Ex. 5tft* 

80 18 - In Ex. 6th* 
22 Ex. 7. 
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