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A of



[ v
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PREFACE

H E many Editions this Work bas gone through, and

the Reputation it bas defervedly maintained for up-

wards of 120 Years, would undoubtedly have becn
Authority fufficient for the Publication of this Edition,
without any Alteration from the former: But as feveral
Arithmetical Improvements, both in Theory and Pradtice,
bave appeared fince this Treatife received the leff Hand,
it has been thought convenient to infert them in this Edi-
tion, together with fome which bave not been publifbed
before.

The firft Edition of Wingate’s Arithmetic was printed
about the Year 1629, by bimfelfs in which bis priuncipal
Defign was to obviate the Difficuities which ordinarily
occur in the ufing of Logarithms :  To perform this, be
divided bhis Work inio two Bookssy the firlt be called
Natural, and the fecond  Artificial Arithmetic, The
Bafis on which the prefent Struflure bas been, at dif-
ferent Times, reared, is the firft of thofe Books,

For after the firlt Impreffion of the above two Books
were difpofed of, Mr. Wingate (not having Leifure to re-
vife the fame, and to fupply fome Defelis which too firic? an
Attention to bis Defign, viz. that of explaining the Ule
- of Logarithms, bad occafioned) requefted M. John Ker-
fey, an able Mathematician, to undertake the fame, Ac-
cordingly Mr, Kerley (in feveral Editions) made many

Improvemenis,
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Improvements, which take in bis own Words, as they
Stood in bis Preface to the former Editions.

¢ Firft, For the Eafe and Benefit of thofe Learners,
¢ that defire only fo much Skill in Arithmertic, as 1s
¢ ufeful in Accompts, Trade, and fuch like ordinary
“ Employments ; the Doctriné of whole Numbers,
¢ (which, in the firft Edition, was intermingled with
* Definitions and Rules concerning broken Numbers,
« commonly called Fractions,) is now entirely handled
< a-part. And to the end the full Xnowledge of Prac-
¢ tical Arnithmetic in whole Numbers might more
¢ clearly appear, I have explained divers of the old
““ Rules in the firlt five Chapters, and framed a-new
<« the Rules of Divifion, Reduftion, and the Golden-
¢ Rule, in the fixth, feventh, eighth, and ninth Chap-
“ ters: So that now, Arithmetic in whole Numbers
¢ is plainly and fully handled before any Entrance be
¢ made into the craggy Paths of Fractions, at the Sight
¢ of which fome Learners are fo difcouraged, that they
¢“ make a Stand, and cry out, Non plus ultra, There’s
“ no Progrefs farther.
¢¢ Secondly, To afiift fuch young Students as would
lay a good IFoundation for the attaining of a general
“ Knowledge in the Mathematics, I have ina familiar
¢ Method delivered the entite Doétrine of Fractions,
“ both Vulgar and Decimal, which was omitted in the
¢ firft Edition; and have alfo newly framed the Ex-
¢ trattion of the Square and Cube-roots, in a Method
““ which by Experience is found to be much eafier than
that commonly ufed heretofore, and is exactly fuit-
able to the Conftruttion or Compofition of Square
¢ and Cube Numbers.
“ Laftly, I have added an Appendix, furnifhed with
Variety of choice and delightful Knowledge in Num-
¢ bers, both Practical and Theoretical.”

134

[ 11
(41

Ll

But as Mr. Kerley bas omitted io enumerate the Par-
ticulars of which bis Appendix confified, the Editor bas
A2 bere
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bere given them, as printed in a Table of Contents pres
Jixed thereto,

Chap. 1. Of Contractions in the Rule of Three,
Chap 2. Of Rules of Practice by Aliquot Parts,
Chap. 3. Of Exchanges of Coins, Weights, and
Meafures.
- Chap. 4. Pra&ical Queftions about Tare, Tret, Lofs,
Gain, Barter, FaCtorthip, and meafuring of Tapeftry.
Chap. 5. Of Intereft of Money, and the Conftruc-
tion of Tables to value Annuities, &5e.
Chap. 6. A Demonftration of the Rule of Three,
Chap. 7. A Demonftration of the Double Rule of
Fellowfhip.
Chap, 8. A Demonftration of the Rule of Alligation:
Where alfo of the Compofition of Medicines.
Chap. 9. A Demonftration of the Rule of Falfe.
Chap. 10. A Collettion of choice Queftions to exer-
cife all the Parts of Vulgar Arithmetic; to which are
added various i"rs,&ical Queftions, about the Menfura-
tion of Superficial' Figures and Solids, with the Gaug-
ing of Veflels.
 Chap. 11. Sports and Paftimes.

The Work, thus enlarged and amended, paffed through
divers Editions, till about the Year 1700, when Mr.
George Shelley, #riting-Mafter of Chrilt’s-Holpital,
wrole a Supplement to it, containing divers pradfical,
compendicus, and eafy Methods for ihe Performance of
particular Cafes in moft of the Rules of Arithmetic; to-
gether with Decimal Tables ufeful in the Computation of
Intereft and Exchanges, and fome wfeful Rules and Ob-
Jervations relating to Praitical Meafuring.

Such was the State of this Work when it came into the
Drefent Editor’s Hands, under whofe Care it bas met with
the following Alterations and Additions:

1. All the different Materials relating fo anv one Sub-
J€é, which in the former Editions lay [eparated from each
ot her
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other in the different Parts of the Work, the Appendi
and the Supplement, are bere collefed together into their
proper Placess [o far as the fame could be done confiftent-
ly with the keeping the Doélrine of whole Numbers [epa-
rate from that of Fradtions, before-mentioned by Mr.
Kerfey. ;

2. Many ufeful Properties of Numbers, praftical Ob-
fervations, and Compendiums in Operations, (not men-
tioned in the former Editions) arc bere inferted in their
proper Places, :

3. The Demonfirations given by Mr. Kerfey, which
were founded on Geometrical and Algebraical Principles,
are fupplied by others purely Arithmetical.

" 4. The Properties of Numbers confidered as Prime and
Compofite are delivered, as a neccffary Help to the Ma-
nagement of Fraiiions. |

5. The Operations of Vulgar Fratlions are rendred
much eafier, by an Adrtifice in the Management and Ab-
breviation of them. ;

6. The Dofrine of Repeating or Circulating Decimal
is introducedy and the Management of them, in a wmore
general and eafy Manner than bithérto taught, is fcien-
tifically explained. .

o. An univerfal Rule of Proportion, which anfwers
the Purpofe of the feveral Rules of Three, fingle, double,
direét or inverfe, in_whole Numbers or Fraltions, is de- °
livered and illuftrated by many Esxampless in which the
great Ulefulne[s of the above-imentioned Metbod of manag-
ing and abbreviating Vulgar Fraftions, will abundantly
appear.

8. The Rule of Alligation Alternate, as bitherto deli-
vered, will give but few Anfwers to Queftions propounded
thereins moft of which are capable of many, and fome of
innumerable Anfwers: To remedy this Defelt, a Method
is laid down to find more Anfwers than the common Rules
will give, in thofe Cafes which admil of more; and as
many Anfwers as the Conputer pleafes, in thofe Cafes
where the Number of Anfwers is-unlimited.
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" 9. The Properties af Numbers confidered as Roots and
Powers, and the Nature and Properties of Logarithms
are compendioufly explained.

vo. A more praffical Methed of extrasting the Cube-
R oot is inferted, inflead of that delivered by My . Kerfey ;
to which is annexed a Table of the Square and Cube-Roots
of all integers lefs than 145,

11. Tbe Properties of Numbers in Aritbmetical Pro-
portion coniinued, are more fully explained and ilbuftrated.

12, The Properties of Numbers in Geometrical Pro-
greffion are alfo more particularly bandled, with a View to
the Application of [uch Numbers, to the Computations
relating to Compound Intereft.

13. Mr. Sheiley’s Tables of Simple Intereft are brought
into a narrow Compafs, and adapted to thofe Rates which
are now commonly wanted,

14. Tbe Tables for Compound Intereft and Annuities,
are enlarged from 30 to 60 Xears, and computed to the
Jame Rates as thofe of Simple Interefts the manner of
. making and yfing them is more particular’y fhewn ; eafy
Metboas are given to find Numbers beyond the Extent of
the Lables; and fome new Tables are added, relating 1o
Half-yearly and Quarierly Payments.

15. A great Variety of Examples, with their Anfwers,
are inferteds wbich will not only be a good Exercife for
Learners, but will alfo ferve to eafe Teachers of the Bur-
then of writing out Queftions,

- 16, A copious Index is annexed, to which the Reader

may turn for more particular Information of the Contents
sf the whole,

Thus altered and enlarged, the Editor conceives that
this Work contains, methodically, all that is neceflary to be
known, or perforined in Common Arithmetic s and by con-
Jequence, that the Purchafers bereof need not be at the
Trouble, or Charge of luoking into any other of the, almoft,
number lefs Writers on that Subjes?.

If
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If the above Improvement in the Operations of the Rule
of Alligation Alternate, fbould prove of Service in real Bu-
finefs 5 the Knowledge thereof may induce the Editor to
publifp fome farther Thoughts upei that Subjell.

Bell-Dock, Wapping,
April 4th, 1751,

The Explanation of certain Marks and Charaéters,
which, for the Sake of Brevity and Perfpicuity, are
frequently ufed in the enfuing Work.

+ is the Mark of Addition ; and when it ftands between two
Numbers, denotes that they are to be added together,
—is the Mark of Subtra&ion ; and, when it {tands between
two Numbers, denotes that the latter is to be taken from

the former.

s is the Mark of Multiplication ; and, when it {tands between
two Numbers, it denotes that they are to be multiplied
together,

= is the Mark of Divifion; and, when two Numbers, are
placed in the fame manner as the two Points are here,
it denotes that the Number above is to be divided by
that below.

— is the Mark of Equality ; which, being fet between two nu-
merical Expreflions, denotes that they are equal between
themfclves. -

. . are the Marks of Proportionality ; and denaote that the
Numbers, between which they are placed, are proportional
INumbers. :

ExAMPLES.

Yor 4+ 3=7 ; read, the fum of 4 and 3 is equal to 7.

For 4—3=1; read, when three are taken from 4, the Re-
mainder is equal to 1.

For 4 x 3=12 ; read, the Produét of 4 and 3 is equal to 12.

For!Z = 4; read, if 12 be divided by 3, the Quotient is
; .

equal to 4.
Wer x:Aj; gt 12; 1ead, as I is to 4, fo is 3 to 12,
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Common  Arithmeric,
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Concerning NoTaTioN ¢f Numbers.

1 3R 2 RITHME TIC teaches the properties of

¢ Numbers; and by them deduces the me-
®s thods of calculating, or cotnputing from
certain data, the values, weights, meafures,
diftances, proportions, &¢, of things,
s 2. Number is that by which every thing
D WDJAS is counted : or that which anfwers this
queftion, How many ? (unlefs it be anfwer’d by nothing : ) Soif
it be afked, how many days are in a week ¢ the anfwer is feven,
which is therefore calied the Number of d: 1};5 in a week.

3- The Notes or Chara@ers, by which Number is ordinarily
exprefled, are thefs, 1 oune, 2 two, 2 threey 4 four, 5 five, 6 fix,
7 feven, 8 eight, g nine, o nothing, '

B 4.



2 NorTaTiON. Chap. L

4. Thefe Notes or Charatersare either fignificant Figures,
or a Cypher,

g, {:h:: fignificant Figures are the firlt nine, viz. 1, 2, 3, 4,
5, 6, 7, 8, g, ulually called Digits. The firft of thefe is more
particularly called an Unit or Unity, and the reft are faid to be
compoled of Units: So 2 is compofed of two Units, 3 of three
Units, &, that is, I more I is equal to2 ; 2 more I is equal
to 3, &e. :

Niste, The Charallers prefixed to the feveral Articles of this
Treatife may ferve for an Example of the natural rank or feries
of Numbers, (o increafing by the continual addition of I,

"Thefe Characters were firft ufed in Eagland, about the year
1130,

%"m, alfo, That in the natural feries of Numbers, 1,2, 3, 4
5,0,7,8, &e. the firft, third, fifth, &7e. Numbers, viz. 1, 3,
£, 7+9, 1I, &, are called ¢dd Numbers; and the fecond,
fourth, fixth, &e. Numbers, viz. 2,4, 6, 8, 10, 12, &, are
called even Numbers,

6. The Cypher is the laft, which tho’ of itfelf it fignifies
nothing, yet, being annexed after any of the reft, it increafes
their value ; as will appear in the following Rules,

7. Arithmetick has two Parts, Notation and Numeration,

8. Notation teaches how to exprefs, read, or declare the fig-
nification or value of any number written ; and alfo to write
down any number propoled, with proper charaéters, in their
due places.

g. A Number is faid to have fo many places, as there are cha-
raters in the number, wiz, when divers figures, whether the
be intermixed with a cypher or cyphers or not, are placed to-
gether, like letters in a word, without any point, comma, line,
or other note of diltinction interpofed ; all thofe chara@ers make
but one nuinber, which conlifts of fo many places as there are
characters fo placed together ; fo this number 205 coafifts of 3
places, and this 30600 of 5 places, &,

10. Notation confifts in the knuwledge of two things, viz,
the order of places, and their values, : '

11. The order of the places is from the right-hand towards
the left: So in this number 465, the figure 5 ftands in the firft
place, 6 in the fecond, and 4 in the third; Itkewife in this
number 7560, a cypher ftands in the firft place, 6 in the fe-
cond, 5 in the third, and 7 in the fourth, -

12, The firlt place of a number, which, as before, is the
outermoft towards the Right-hand is called the place of Units ;
i which place any Sgure fignifiss its own fimple value: So in

this



Chap. L. NoTATION 3
this number 465, the figure 5 flanding in the firft place figni-
fies five units, or five,

13. The fecond place of a number is called the place of
Tens, in which place any figure fignifies fo many tensas the
figure contains units: So in this number 465, the figure § in
the firft place fignifies fimply 5, but the figure 6 in the fecond
place denotes fix tens, or fixty.

14, The third place of a2 number is called the place of Hun-
dreds; in which place any figure fignifies fo many hundreds as
there are units contained in the figure:  So in this number 465,
the figure 4 in the third place exprefles four hundreds: Where-
fore if it be required to read or pronounce this number 465,
you are to begin on the left-hand ; and, according to _the: afgre—
{aid rules, to pronounce it thus, four hundred fixty-five; like-
wife this number 315, is to be pronounced thus, three hundred
and fifteen; and this number 205, two hundred and five ; alfo
this number 500, five hundred. Whence it is manifeft, that
although a cypher of itfelf fignifies nothing, yet being placed
on the right-hand of a figure it increafes the value of it; by
advancing fuch figure to an higher place, than that wherein
it would be feated, if the cypher were abfent. :

The true reading or pronouncing the value of any number
written, as alfo the writing down any number propofed, depends
principally upon a right underftanding of the three firft places
before-mentioned, and therefore the learner fhould be well ex-
ercifed therein, before he proceeds to the following Rules.

15. The fourth place of a number is called the place of
Thoufands (that is,any number of thoufands under ten thoufand;)
the fifth place Tens of Thoufands ; the fixth place Hundreds of
Thoufands; the feventh place Millions; (a million being ten
hundred thoufand ;) the eighth place Tens of Millions; the
ninth place Hundreds of Millions; the tenth place Thoufands of
Millions; the eleventh place Tens of Thoufands of Millions ; the
twelfth place Hundreds of Thoufands of Millions: And, in that
order, you may conceive places to be continued infinitely from
the right-hand towards the left, each following place being ten
times the value of the next preceding,.

16. From the Rules aforegoing, an eafy way may be collefled
do read or exprefs the walue of a number propounded, viz. Let
it be required to read or pronounce this number, 521426341.
Firf?, diftinguith by a comma, or point, every three places, be-
ginning at the right-hand, and proceeding towards the left, fo
will the aforefaid number be diftinguifh’d into parts, which may
be called periods, and ftands thus, 521,426,341, Where you
may note the firft period tonards the right-hand ccnﬁﬁ; of

2 thele



4 NoTATION, Chap. L
thefe figures, 341, the fecond of thefe 426, and the third of
thefe 521, Secondly, read or pronounce the figures in every
period, as if they flood apart from the reft; fo will the firft
periad be pronounced three hundred forty-one, the fecond four
hundred twenty-fix, and the third five hundred twenty-one.
Thirdly, to every period, except the firft towards the right-hand,
a peculiar denomination or furname is to be applied, viz. the
furname of the fecond period, is thoufands; of the third, mil-
lions 3 of the fourth, thoufands of millions, &c. *Therefore be-
ginning to pronounce at the highett period, which in this ex-
ample is the third, and giving every period its due furname,
the faid number will be pronounced thus, ffue bandred twenty-
one millions, four bundred twenty-fix thoufand, three bundred and
forty-one.

17. And, when ’tis required to write down or read more
places than twelve, let the fifth period be called billions ; the
fixth, thoufands of billins; the feventh, trillions ; the eighthy
Ibﬂ%ﬂﬂdj of trillions 3 the ninth, quadrillions, &c.

ote, When a nember is diftinguifhed into persods, as be-
fore, the higheft period will not always compleatly confift of
three places, but fometimes of one place, and fometimes of
two ; neverthelefs after fuch persod is pronounced as if it ftood
apart, the due furname is to be annexed; fo this number
3204689, after it is divided into periods will ftand thus,
2,204,689, and is to be pronounced thus, three millions, twa
bundred and four thoufand, fix hundred eighty-nine ; and this
nbumber 17,213, is to be read, feventeen thoufand two hundred
thirteen,

18, The aforefaid Rules for the right pronouncing or reading
of a number which is written down, being well underftood,
will fufficiently inform the reader how to write down any num-
ber propounded to be written.

The
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6 Norarion of Numbers. ~ Chap. I, -
19. NoTATION of Numbers, by Latin Letters.
1l. 21| XXT.
2|IL. 30| XXX,
3L 40({XL.
411, or thus IV. 49| XLIX.,
5iV. soiL.
6|VI. so|LVIIIL or thus LIX. |
=IVII. bo|LX. i
|VIII. or thus IIX. 89| LXXXIX, :
o|VIIIL or thus IX. [1g0|C.W + = -
10/X. 200|CC, -
refXI, i e s
12| XII. 400|CCCC,
18 XVIIL or thus XX | ¢ 00|D. or thus 17.
IgXVHH nrthus XIX.|600|DC. or thus [3C.
20/XX. | 700tDCC, or thus [yCC,
~ 1000|CI3- or thus M. 3
2000,C1D. CIH. or MM,
3000CID. CID. CIo. or MMM,
5000[0. - '
e maLCI:}D

50,0001
100,000/CCCIDD))- or thus CM
500,000(ID2D0-

1,000,000/ CCCIDDDD-
1750,/ CIDs TOCC, L, or MDCCL.

1935,

CHARP,
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CHAP. IL

C'mcfrﬁfﬂg Englith Money, Weights, Meafures, &on

20, HE things expreffed by numbers, are Maney, Weight,
Meafure, Time, &c. Of the three firft of thefe,
there are infinite kinds and varieties, according to the diverfity
of the feveral Commonwealths wherein they are ufed ; all which
here to produce were both endlefs and needlefs: Wherefore
only fuch Momey, Weights, Meafures, &c. as are ufed in this
nation, will be here treated of,
21. The leaft piece of money ufed in England is a Farthing,
from whence this following Table is produced,

4 Farthings I Penny.
12 Pence } make { 1 Shilling.
20 Shillings 1 Pound.

Englifh (or Sterling) Money, is ordinarily written down with
Figures, after this manner:

UEA S P
245 IR . 052
00 505 4410« X
69 . 00 .06. 3
00 i1 s T 50
DO 2760 = OF . 2

The firft Rank of the faid Numbers fignifies thirty-four
pounds thirteen fhillings five-pence two farthings ; the fecond
Rank exprefles nine pounds five fhillings ten-pence one far-
thing ; the third Rank, fixty-nine pounds no fhillings fix-pence
three farthings, &,

22. The fmalleft weight ufed in England is a Grain, that is,
the weight of a grain of wheat, well dried, and gathered out of -
the middle of the ear, of which thirty-two make another weight,
called a Penny-weight, and twenty penny-weights make an
Ounce Troy *, +

Here obferve, that by the Statutes quoted in the margin +,
the weight of two and thirty grains of wheat, make a penny-
weight, which weight being once difcovered by thirty-two
fuch grains, the faid penny-weight (being the twentieth part of
an ounce Troy) is ufually fubdivided into twenty-four parts
only, called alfo Grains, as appears by the enfuing Table, 9

¥ Vide Stat, de Compofitione Ponderum, 51 Hens, III,
F 31 Ed. L, v, Raft. Weights, 7, & 8, 12 Hen, V1L, 5,
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A TABLE of TRoy-WEIGHTS.

32 Graing of IWheat € 24 Artificial Grains.,
24 Grains AT 1 Penny-weight.

20 Peiny-weights RS 1 Ounce,

12 Ounces 1 Pound.

Troy-weight is ordinarily fet down with Figures, after this
manner ;
. oz, paw. gr.
Traees iyt
6o . A1 075 0b
B0 0D S Ogi 0

The firft Rank of the faid Numbers exprefles feventeen
pounds five ounces thirteen penny-weights, thirteen grains of
Froy-weight : The fecond Rank, no pounds eleven ounces
feven penny-weights and fix grains; and the third no pounds
no ounces five venny-weights and twenty grains,

Now this Trey-weight ferves only to weigh Gold, Silver,
and Elefluaries.  And here obferve alfo, that Trey-weight
reguiates and prefcribesa form bow to keep the money of
£ngland ata certain Standard: For about two hundred years
before the conqueft, Gfbright a Saxen, being then King of
England, caufed an ounce Trey of filver to be divided into
twenty pieces, at the fame time called. pence ; and fo an ounce
of filver at that time was worth no more than twenty-pence,
or ane thilling eight-pence 3 which continued at the fame value
until the time of Henry the Sixth, who (in regard of the en-
sancing of money in foreign parts) valued the fame at thirty-
pence ; fo that then there were accordingly thirty pieces made
out of the ounce, and the old pieces went then for three half-
pence, ’till the time of Edward the Fourth, who valued the
ounce at forty-pence, and then the old pieces went at two-
pence apiece,  After this Henry the Eighth valued the ounce
of Sterling-lilver at forty-five pence, which value continued *till
Queen Elizabetl’s time, who valued the fame old pence at
three-pence the piece; fo that all three-pences coined by the
lame Queen weizh’d but a penny-weight, and every fix-pence
two penny-weights; and the fhilling and other pieces according -
ly ; which made the ounce Trov of filver to be valued at fixty
pence, or five {hillings, as it remains at this day without al-
tération,

Nete,
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Nate, Fewels, Pearls, Diammds, &c. are alfo weigh’d by
- Tray-weizht, the Qunce being fubdividzd into 150 parts, callec
Carats, and each Carat into 4 Grains.

- 23, The weights ufed by Apothecaries are derived from ;
pound Trey, which is fubdivided, as in the following Table,

A TABLE of APoTHECARIES WEIGHTS,

1 A Pound Trop 12 Ounces,
§, An ?anre i eqiralle 8 frﬂm:.
5 A Dram 3 Scruples.
3 A Scruple 20 Grains

So that if you were to exprefs, in Figures, twelve pounds ten
eunces five drams two fcruples and fixteen grains ; alfo three
pounds five ounces feven dramsone fcruple and two grains, the
ordinary way to write them down is thus :

b Bavlid o D R0
o Y T T SRR SR 1
el e T Y

By thefe weights Apothecaries compound their medicines ;
but they buy and fell their drugs by Avoirdupoife-weight.

24, Belides Troy-weight before-mentioned, there is another
kind of weight ufed in England, called Avoirdupoife-weight, a-
pound whereof isequal to fourteen ounces eleven penny-weights
fixteen grains Trop.  Avoirdupoile-weight ferves to weigh all
kinds of Grocery-ware, as alfo Butter, Cheefe, Flefh, Tallow,
Wax, Tobacco, Iron, Brafs, Lead, Tin, Soap, Pitch, Tar,
Rofin, Salt, Flax, Hemp, Drugs, and every other thing that
bears the name of Garbe/, and from which iflues a refufe or
wafte.

25. Avoirdupoife-weight is either greater or lefs. _

20. The greater is, when one hundred and twelve pounds
Avoirdupoife are confidered as one entire weight, commonly
called an Huadred-weight, and then fuch Hundred-weight is
fubdivided firft into four quarters,and each quarter into twenty-
eight pounds : Again, each pound into four quarters,. or (if you
* will be more exaét) into fixteen ounces, and if you pleafe each
ounce into four quarters. But ordinarily a pound is the leaft
fuantity that is taken notice of, in Avoirdupoife grofs weights,

A
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A TABLE of Avoirpurorse Greater WEIGHT.

28 Pounds S‘ A Duarter of 1121b.
4 Ouarters make An Hundred-weight,or 112 /5,
20 Hundred weights & One Tom.

Sothat if you were to exprefs, by Figures, eight hundreds three
quarters and five pounds ; likewife, feven hundreds one quarter
and feventcen pounds; the ordinary way to fet them down is

thus :
C. q. b
R R -
¥ s - By

27. The lefler Avoirdupoife-weight is, when 2 pound is the
highelt name or integer, each pound being fubdivided into fix-
teen ounces, and each ounce again into fixteen drams, and if

:Fu pleafe each dram into four quarters, as by the fubfequent
able is manifeft,

A T ABLE of Avoirpurolse Leffer WEIGHT.
4 Duarters of a Dram € 1 Dram.
16 Drams : }make -1 Ounce.
16 Qunces 1 Pound,

So that if you were to exprefs, by Figures, eighteen pounds
twelve ounces five drams and three quarters of a dram ; like-
wife five pounds no ounces twelve drams and one quarter of a
dram ; the ordinary way to write them down isthus:

Ihe i v drisi®o g,
£5 0 xSl vag e 9
A b

N. B. A St of Mzat in London, is 8 Ib. Avoirdupoife ;
but in fome other places 14 /5.

A Stone of IWeol, is 14 Ih. and two Stones make a Todd,

A Stone, Horfeman's weight, is 14 /b,

A Stone of Hemp, is 32 /.

A Fother of Lead is 192 C. wt.

28. The Meafures ufed in England are either of Capacitys
or Length,

29. T'he Meafures of Capacity are thofe which are produced
from weight, and they areeither liquid or dry.

3e.
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0. All Meafures of Capacit{; both liquid and dry, wereat
firit made from Troy-weight : Vide Statutes, 9 Henry I11. 5x
Henry 1. 12 Henry VI &e. wherein it is enacted, that eight
Pounds Trey-weight of wheat, gathered out of the middle of
" theear, and well dried, thould make one Gallon of Wine-mea=
fure : And that there fhould be but one Meafure for Wine, Ale
and Corn, throughout this Realm, (7id, Stat. 14 Edw. 11I. 15
Richard 11.) But time and cuftom hath altered Meafures, as
they have done Weights (and perhaps for one and the fame
reafon); for now we have three different Meafures, vz, one
for Wine, one for Ale or Beer, and one for Corn.

31, The common Wine-gallon, feal’d at Guild-bail in Lon-
* don, by which all Wines,Brandies, Spirits, Strong-waters, Mead,
Perry, Cyder, Vinegar, Oil and Honey, &c. are meafured and
fold, is fuppofed to contain 231 cubic Inches; and from thence
the reft are computed, as in this Table.

A4 TABLE ¢ WINE-MEASURE.

231 Cubic Inches 1 Gallm.
42 Gallons 1 Tierce.
62 Ditto 1 Hogfbead.
3.‘3. Ditts make 1 Puncheon,
2 Hog fbeads 1 Pipe, or But,
2 Pipes 1 Tun.

Notey, 317 Gallonsis a2 Wine or Vinegar Barrel, and 236
Gallons is a Tun of {weet Oil.

32, The Beer or Ale Gallon (which are both one) is much
larger than the /#ine Gallon ; it being probably made at firft
to correfpond with Avsirdupeife-weight, as the Zine-gallon did.
with Trop-weight : For one pound Aweirdupoife being nearly
equal to 14 ounces 12 penny-weights Trsy : And as one pound
. Troy is in proportion, to the cubic inches in a #ine-gallon, fo

is one pound Awveirdupaife to the cubic inches inan Ale-gallon,
Thatis, 12: 1423 :: 231 : 282 nearly.

A TABLE of ALE-MEASURE.

282 Cubic Inches 1 Galim.
8 Gallons 1 Firkin.
2 - Firkins make 1 Kilderkin,
2 Kilderting 1 Barrel.
3 Ditte : 1 Higfbead.
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A TABLE of BEER-MEASURE,

282 Cubic Inches 1 Gallm.
9 Gallons 1 Firkin.
2. Firking ot 1 Kilderkin.
2 Kilderkins . e 1 Barrel,
3 Ditte I Hogfhead,
3 Barrels 1 Butt,

Nete, A Firkin of S;}ap, and of Herrings, are the fame with
that of Ale.

33. This diftin&tion or difference betwixt A/ and Beer
Meafure, is now only ufed in Londen. But in all other places
of England, the following Table of Beer or Ale, whether it
be ftrong or {mall, is to be obferved, according to a Statute of
Excife made in theyear 1689,

282  Cubic Inches 'l T Gallon,
81 Gallons ‘I Furkm,
2 Firking jmake 1 Kilderkin,
2 Kilderkins 1 Barrel,

Note, In all Meafures ;’fgz;idlar dry,

2 Pints 1 1 .@fﬂrf.
2 Duarts make 1 Portle,

2 Pottles 1 Gallen,

34. Dry meafure is different both from Zine and Ale mea-
fure, being as it were a mean betwixt both, tho’ not exaltly
fo 5 which, upon examination, will be found to be in propor-
tion to the aforefaid old ftandard /#ine-gallon, as Awvoirdupoife-
weight is to Trop-weight ; that is, as one pound Troy is to one
pound Avardupoife, fo are the cubic inches contained in the old
/¥ine-gallon, ¢o the cubic inches contained in the dry or Corn-
gallon, wiz. 12 : 1433 224 : 2721, the common received
content of a Corn-gallon nearly. Altho’ now it is otherwife
{ettled by an act of parliament, made in 1697, the words of
that aét are thefe : Every round Bufhel with a plain .and even
botlcim, being made eighteen Inches and a half wide throughsut,
and eight Inches decp, fhould be efteemed @ legal Winchefter
Buthel, according to the flandard in bis Majeﬁ}"s Exchequer,
Now a veflel thus made, will contain 2150,42 cubic inches,
confequently  the Corn-gallm dosh contain but 268% ru&;
.n'r-’--.'r'i’:'.h
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A TABLE of Dry or CORN-MEASURE,

2684 Cubic Inches 1 Gallen,
2  Gallons makt{ 1 Peck.

4 Pecks
8 Bufbels

Note, When Salt and Sea-coal are meafured by the Corn-
bufhel, they are heaped ; 36 Bufhelsis a Chalder of Coals, and

21 Chalders a Score.

35. As the leaft part of IWeight was oviginally a Wheat-corn,

fo “the leaft part of Long-meafure was a Barley-corn, taken out
of the middleof the ear, and being well dried, three of them
in leneth were to make one inch ; and thence the reft, asin

the following T'able,

3 Barley-corns in length ) [ 1 Inch.
12 Inches , 1 Foot.

3 Feet, or 16 Nails 1 Yard.

g Feet  Inches g 1 EllL
Feet, or two Yards g N\ 1 Fathm.
5 Yards and an half 1 Pole, or Perch.
40 Poles, or Perches 1 Furlong.
8 Furlmgs { I Englith A2k,
‘ ALSO,
16C =274 1§ Yard.
23% %;%5%%9} Ig Ell Englifh.
12€ S 330 § )1 Flemith £/, or Auln.

Note, That a Yard is ufually fubdivided into four Quarters,
and each Quarter into four Nails.

And each Ell into four Quarters ; but each Quarter of an
Ell contains five Nails. .

36. Superficial, or fquare Meafures of Land, are fuch as are
exprefs'd in the following Table : -

40 Square Poles, or S‘ 1 Rood, or Quarter of an
. Rai&nﬁﬂ m“k‘:l I jfrf'zif-:rf.
640 Aeres 1 JMile,

For 40 Poles or Perches in length, and 4 in breadth do make

a Statute Aere of Land ; that is 220 yards multiplied by 22
| yards,
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ydﬁrds, which is equal to 4840 fquare Yards, are a Statute
cre.

Note, Land is beft meafured by a Chain of 4 Poles long, di-
vided into 100 parts, called Links.

And if you would exprefs,by Figures,thefe quantities of Land,
_ viz. thirty-fix Acres three Roods twenty Perches ; alfo feven
Acres no Roods thirty-two Perches, the ordinary way to fet
them down, is thus:

IR L.
s i T
¥l g Ol
37. A TABLE of TiME is this that follows:
60 Seconds 1 Minute.
60 Minutes 1 Hour.
24 Hours 2 ) 1 Day natural.
7 Days g Y 1 Week.
4 Weeks 1 Mnth of 28 Days,
13 Months x Day and 6 Hours 1 Year very near.

But in ordinary computations of time, the whole year, con-
fifting of three hundred fixty-five days, is divided either into
twelve equal parts or months ; every month then containin
thirty days and ten hours : or elfe into_twelve unequal Kalen-
der-months, according to the ancient Verfe :

Thirty Days bath September, April, June, and November ;
February bath twenty-eight alone, and each of the reft thirty-one.

Note, That every Leap-year (which happens once in four
years) contains three hundred fixty-fix days ; and, in fuch year,
£ebruary contains twenty-nine days.

38. Of things accounted by the dozen, a Grofs is the
Integer, confifting of twelve dozens, each dozen containing
twelve particulars, So that if you would exprefs, in Figures,
feven grofs four dazens and five particulars ; alfo four dozens
and eight particulars, they may be written thus

[ T )

704 .05
© .04 . 08

CHAP,
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AppiTioN of Whoe Numbers.

30 Oncerning Notation of Numbers, and how thereby the

quantities of things are ufually exprefled, a full decla-
sation has been made in the preceding Chapters : Numeration
follows, which comprehends all manner of operations by
Numbers,

40. In Numeration, the four primary or fundamental opera-
tions are thefe, Addition, Subtraction, Multiplication, and Di-
wifion.

J;I. Addition is that, by which divers numbers are colle@ed
together, to the end that their fum, aggregate or total, may be
difcovered.

42. In Addition, place the numbers given one above another,
in fuch fort, that like places or degrees in every number, may
{tand in the fame rank ; thatis, Uniis abave Units, Tens above
Tens, Hundreds above Hundreds, €57z, So thefe numbers
1213 and 462, being given to be added together, you m(?
are to order them as appears in the margin. e

43. Having thus placed the numbers, and drawn a line under
them, add them together, beginning with the units firlt, and
faying thus, 2 and 3 makes 5, which write under the rank of
units ; then proceed to the fecond rank, and fay, 6 and 1 make
7, Wwhich write under the fecond rank (being the place
of tens) ; again 4 and 2 make 6, which write under the 12 13
third rank. Laftly, write down 1, being all that flands 462
in the fourth rank ; fo the fumof the faid given num-  a———
bers is found to be 1675, and the operation will appear 1675
as in the margin,

In like manner, the numbers 2315, 7423, and 1471, 2315
being given to be added together, their fum will be ?4_23
found to be 9879, and the operation will fland as in __I:f
the example. 9879

44. When the fum of the figures of any of the ranks
amounts to ten, or any number of tens without any excefs,
~write down a cypher under that rank ; but when the fum of
any rank exceeds ten, or any number of tens, fet down :he
excels under fuch rank 3 and for every ten contained in the
fum of any rank, referve an unit or 1 in your mind, and add

4 fuch
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fuch unit or units to the figurcs of the next rank to-
wards the left-hand 5 fo the numbers 4937, 9678, 4937
and 394, being given to be added together, the cpe- 9878
ration will be thus, wiz. Beginning with the rank of 394
units, 4, 8 and 7 make 19, wherefore write down
9, the excefs above ten, and carry 1in mind inftead 15209
of the ten contained in the faid 19: Then 1 and
g being the lowermoft figure of the fecond rank) make 10,
which added to 7 and 3, the other figures of the fame rank, the
whole fum of them is 20 ; therefore fet down a cypher under
the line in that rank, becaufe the excefls above the two tens is
nothing ; next carry 2 to the third rank : 2 and 3 (3 being the
Jowermott figure of the third rank,) make s, which being added
to 3 and g (the other figures of the fame rank ;) the fum of
them is 22; therefore writing down 2 (being the excefs above
the two tens) under the line in the third rank, carry 2 in mind
(becaufethere were two tensin 22) to the fourth rank : Laftly, 2
and g make 11, which added to 4 make 15 ; this 15, becaufe it
is the fum of the laft rank, write totally down under theline, on
the left-hand of the figures before f{ubfcribed ; fo the fum of the
three numbers given, is found to be 15209, asin the example.
45. The reafon of the above operations will be very evident
from this undeniable maxim, wiz. thar the whole is equal 10 all
its parts 3 and the method of fetting down the total, may eafi-
ly be accounted for, from the nature of numeration, which ex-
plains the different value of places as they proceed from the
right, to the left-hand: For, as g is the greateft fimple charaéter
or hgure, fo every number exceeding g, being compound, muft
require more places then one to exprefsit. Thus, the number
10 can no otherwile be exprefied in figures, but by removing
the figure into the place of tens, which i€ done by fupplying the
unit’s place witha cypher: And as itis the fame with every
other column (ten being fhill the proportion of increafe) confe-
quently, when the {um of any column, amounts to 10 or more,
the units cxceeding, if there be any, or a cypher if none, muft
be fet under fuch column, and the ten or tens of the amount
¢arried on, asfo many units, tothe next column on the left.
Whatis here obferved, as to carrying the tens (the propor-
tion of increafe) from one column to another in integers, may
be as jultly applicd to the proper numbers in adding fums of
“ifferent denominations,

"This demonftration may be applied to the example work’d
w Art. 44, as follows:

The
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The Sum of 4, 8, and 7 is 19
The Sumof 9o, 70, 2and 30is 19O
The Sum of 300, 800, and goo is 2000
The Sum of gooo, and 4:300 is I 34::.-0::

: Therefare the Sums of 394, 9878, and 4937 is 15209

46 From the fame maxim is deduced a method of proving
the truth of any operation in Addition, viz. by parting or fepa-
ratlng the gwen Numbers into two parcels (::-r more, accnrding
to the largenefs of it), and then adding up each parcel by itfelf :
For if thofe particular fums, fo found, be added into one fum,
and that fum prove equal, or the fame with the total fum fir{k
found, then all is right ; if not, care muft be taken to difcover
and currE& the error.

EXAMPLE,

{5647
]3239
4016
Add g The Sum of thefe Partsis 12¢52
2900
5007 {  The Sum of thefe is 9513
L 1606 —
The total Sum The Sum of each
of all thefe $22465 Parcel put to- » 22463
Parts — gether s

Nitey, This laft method may be ufefully applied in the addi-
tion of long columns, in order to eafe the memory; and the
fame may be proved by dividing them into different parcels.

47. Another method of pro::-f is, to perform the operation
again, beginning with the uppermoft figure of each rank, and
- adding downwards,

Notey, 1. The fum of two or more ewen numbers will be an
¢ven number,

2, The fum of two odd numbers will be an even number,

3. The fum of two numbers ; one even, the other odd, will
be an sdd number,

4. If morethan two odd numbers be added together ; the fum
will be even, when the number of its parts, fo to be added to-
gether, is even; but odd, if the number of parts be odd.

5. If even numbers be intermixed with odd, the fum will be
even Or odd, according as the number of odd parts be even or

edd,
C 48.
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48. When numbers given to be added, exprefs things of di-
verfe denominations ; firft write them down orderly (according
to the Examples in Chap. 11.) then after a line is drawn under
them all, begin to add the numbers of the leaft denomination,
and if the fum of them amounts to ene integer, or many inte-
gers of the next greater denomination, with fome excefs of the .
lefs denomination, fet down that excefs, or a cypher when there
is no excefs, under the line, fo as it may ftand under the leaft
denomination, and keep the faid integer or integers in mind, to
be added to thofe of the next greater denomination on the left-
hand ; but when the fum of the numbers of the leaft denomi-
nation does not amount to one integer of the next greater deno-
mination, fet down the fum itfelf under the line: Thenadd the
integer or integers kept in mind (when any happens) to the
numbers of the next greater denomination on the left-hand, and
proceed to add them, as alfo thofe of every greater denomina-
tion, in like manner as above Is direfted ; until you come to
the numbers of the greateft (or higheft) denomination, which"
are to be added according to Art. 43. and 44. So thefe feveral
fums 24/, 135. 5d. 3f. alfo 12/ os. 8d. and 5L 18s. od. 2.
being propos’d to be added, their total fum 5 42/, 125 24,
1f. For having written them down orderly according to 47,
21. and drawn a line underneath, begin
with the farthings firlt, and fay, two far- L 5. d. £
thing and three farthings make five far- —
things, that is one penny with a farthing 24 . 13 . 05 . 3
over and above; wherefore fetting down 12 , 0o . 08 . o
1 under the denomination of farthings, o5 .18 . 00 . 2
carry one penny to the denomination of -
pence; then fay, 1, 8, and 5 pence make 42 . 12 . 02 .'1 °
14 pence, which contain one thilling and
two-pence ; wherefore writing 2 under the denomination of
pence, carry one fhilling to the denomination of fhillings ; then
adding the faid 1 fhilling to 18 fhillings and 13 fhillings, the
fum will be found 1 pound and 12 thillings ; wherefore fetting
down 12 under the denomination of fhillings, carry 1 pound in
mind to the denomination of pounds, faying, 1 pound in mind,
together with 5, 2, and 4 pounds, which {tand in the firft rank
of pounds, make 12 pounds; wherefore (according to Art. 44.)
write 2, the excefs above 10, under the faid fis(t rank of pounds,
and carry 1 in mind for the faid 10 to the fecond rank of pounds;
then faying, in like manner, 1 in mind, together with 1 and 2,
which ftand in the fecond rank of pounds make 4, which write
under the line ; that done, the total of the three given fums ap-
pears tobe 42/, 125 and 24, 1f,

I In
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In like manner 3/. 056z 19p.w. 15¢7. Alflo 2 /5. f.:wz.
2pw. 7gr. Alfo Df& 104z, 6p.w. ogr. And ol.
. op.w. 17gr. being given to be added together, their fum u.;II
~ be found 7 /5. o1z, 9p.w. 157, and the work will ftand
~ thus:
' g ~ogeifmgi. 1S
2 e 1107 . 07
©0.10.06. 00
O +-09 1100 . 17

e OF - 0 15

Note, In adding together the numbers in the laft example, it
muft be remember’d, “that twenty-four grains make one penny-
Wﬂiu‘-ht twent:,r penu}r walghts one ﬂunce, and twelve ounces
one pound Troy (as before is declared in Art, 22); and then
you are to proceed according to Art. 48.

More Examples are thefe fmlowmg, which prefuppofe the
learner to be well exercifed in the Tables of Chap. 11, that he
may readily know what integers are to be carried from every
lefler denomination to the next greater, -

Appition ¢f EnGLisH MoNEY.

i LS T [T e T
270017 . 8T0 N T 0 #3 405
AR A ) B O i1 . '08
Q52 . 0§ . 06 .20 0 & 60 . IO
00Q ¢ 00 . 08, I ‘0 . I0 . 03
500 .~ 13 . 07.'2 0. 15 06
974 . 10 . 07 . 3 2:5 1t 08

e —

AppitioN ¢of TRoY-WEIGHT.

b, oz, pw. egr. 0%,  p.w. gr.
23.{:;.16.13 530.. 13 . 16
p7 13.0‘, 206, 11 . 10
325 - :::6 . 19 . 68 . co . o5
'49.11.0?.12 96 . 0o . 12

417 . 0D .. 19 . 04 go7 .. 05 . 1g
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AppITION of AVOIRDUPOISE-WEIGHT,
C

. g B.] B oz dr.
2365 NI L B3
s B B o e L2
628 .2 .15|12.00.006
412 . 0 . 10| 0b . 09 . O§
1852 ., 3.27[39.02.04

AppiTion of MEASURES of LENGTH.
Yards. q. nails. | Ells. q. n,

20.3.2 I5.3.2
12 elasig 165" 1 i3
12 . 0. I 0g . 0. I
205 X5 12 + 2 . I

Sr .23 R B

ADDITION ¢f SUPERFICIAL MeasurREs of LAND.
Acres. . Roods. Per. | A. R. P

126 . ore i 131240 v an 52 1T
513« ol 26150010 .5 35 s 23
1 o R V) 101249 + I . 36
S17 .. ¢:; 0, 0D 00O (O s 30

1379 +:3 = 091996 . 3 . 36

49. The following Queftions are defigned to put the learner
upon refleCtion, which will enable him the better to fee the
nature and ufe of this Rule.

1. A man was born in the year 1721 ; when will he be 45
years of age? Anfw. in the year 1766.

2. If after having paid 12/, 10s. in part of a debt, there
fiill remains due 17/, 105, what was that debt? Anfw, 304

_ There are two numbers, whofe difference is 17. and the

]{:[[:?:r number is 44 3 what is the greater number ? Anfw. 61.

4. A man has 6 bags of Hops ; the firft weighs 2 qu. 14/6.
and each of the others weighs 14/6, what quantity has he in all?
A'r:’fw. 1 C. 1 qJu.

5. Re-



Chap. III. of Whole Numbers. 21

. Received of A three half-pence, of B feven farthings, of
C fifteen-pence, of D five groats, of E half a crown, and of
F thirty thillings; how much was received? Anfiw. 1/, T
- 81d.
xﬁ. Bought a parcel of goods for 40/, 105. paid for packing
~ them 135, for carriage 1/, 65, 84. and expended at making
“the bargin 15s. 64, what do the goods ftand me in? Anfw.

22/ 55 24,

7. Between London and Reyflen are 33 miles; from thence
to Cambridge 10; thence to Newmarket 10; thence to Bury
10; and from thence to Norwich 32 miles: How many miles
on this road from London wo Nerwich @ Anfw. g5 miles,

8. How many days are there in the 12 Calendar months,
January having 31 days, February 28, March 31, April 30,
May 313\:75.::1;*, 30, Fuly 31, Augnft 31, September 30, Ofto-
ber 31, Nevember 30, and December 31 days ! Anfw. 365

9. How many days are there from the 28th day ot March
to the 17th day of December in the fame year, both days inclu-
five? fizvfw 265.

10. How many days are there from the 1gth day of April,
lyﬂfS, to the 27th day of Nowember, 1750, both days exclufive ?
njw. gs1.

11. A merchant, in the year 1750, imported, by one fhip
8 tuns of Claret, by another 12 tuns 3 hogtheads 42 gallons of
Red Port, by another 14 tuns 2 hoglheads 11 gallons of
Sherry, and by another 5 tuns 3 hogfheads 10 gallons of Ca-
nary ; what quantity of wines did he import in all? Anfus
41 tuns I hogfliead, . .

12, From the creation of the world to the beginning of the
deluge is accounted 1656 vears; and from the beginning of the
deluge to the birth of Arpbaxad, Helvicus reckons 2 years ;
and thence, to Terah 220 years; thence to the birth of Abra-
. bam 70 years (Gen. 11.); thence to the promife given ( men-
tioned Gen, 12, ) he reckons 75 years ; and thence to the go-
Ing out of Egypt 470 years; and from that going out, to the
Temple of 8slomen 480 years; and thence to the birth of
Chriff 1015 years; and he fuppofes, that from thence, to the

eginning of the common Chriftian or Diomfian' Hira 2 years
elapled ; and thence, to the prefent year wherein this was writ,
we reckon 1750 years: According to the Chronology of Helvi-
¢us, therefore, how long is it fince the creation of the world ?
Anfw. 5700 years, ;

13. A furveyor, having meafured g feveral pieces of land,
finds one of them to contain 7 acres 3 roods 24 perches, an-
uther to contain 18 acres 1 rood 16 perches, anotiicr 12 acres

C3 10,
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10 perches, and the laft 15 acres, 2 roods; how many acres
were furveyed in all? Anfw. 53 acres, 3 roods, 10 perches.

14. Inthe year 1563, 20000 perfons died of the plague in
Londom in 1593, 10635 died of the fame diftemper ; in 1603,
30578; in 1625, 54265, of the plague but 354175 in 1665,
97351 died, and of them 68586 of the plague 5 how many
died of the plague between the years 1563 and 1665, both years
included? Anfw. 165216.

CiHi A P21V,

SuBTRACTION of Whole Numbers.
5{;’:,,SUBTR&CTIGH is that by which one number is taken

out of another, to the end that the remainder or diffe-
rence between the two numbers given may be known,

51, The number out of which the Subtraction is to be made,
muft be greater, or at leaft, equal with the other. For you
may fubtract 4347 out of 9478, but you cannot fubtract 9478
out of 4347. _

52. In Subtra&ion rank the two given numbers one under
the other, as in Addition, with this caution, that the number
placed uppermoft may exceed, or at leaft be equal to the other :
So if the number 4347 be given to be fubtracted from 9473,
place them as in the margin: Then proceeding to the
Subtraltion, fay, 7 taken out of 8, there remains 1, 9478
which place in the fame rank under the line. In like 4347
manner, 4 being taken out of 7, the remainder is 3, ——
which likewife fet under the line in the next rank; 5131
again, taking 3 from 4, the remainder is 1, which
place under the third rank: Laftly, fubtrating 4 from g, there
will remain g, which fubfcribe under the fourth rank ; now the
whole operation being finifhed, it appears that if 4347 be taken
out of 9478, the remainder is 5131, or ( which is the fame)
the diffcrence between the numbers 9478 and 4347 is 5131, as
in the Example. |

In like manner, if 106 be fubtracted from 2856, the remain-
der will be found 27503 for after the numbers are orderly rank-
ed, begin at the place of units, and fay 6 from 6, there
remains nothing; thercfore fubfcribe o (or nothing ); 2856
then proceeding to the fecond rank, fay, if o be taken 106
from s, there will remain 5, which alfo fubfcribe under ——
the line ; again, 1 from 8, there remains 7 : Laftly, o 2750
from 2, there remains 2. See the Work in the margin.

53. When any of the figures of the number given to be fub-
tratted is greater than the upper figure out of which it is to be

fubtracted,
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fubtraded, you muit borrow 10 Of the next rank towards the
left-hand, and add the faid 10 to the faid upper figure; then
from the fum of fuch Addition fubtract the lower figure and
~ fet down the remainder: In this cafe the fizure of the next
rank which is to be fubtra&ed, muft be eftcemed an unit
greater than it is; therefore keeping 1 in your mind, add it
to the next figure of the number given to be fubtralted, and
deduting all out of the figure above it, proceed in like fort, till

ou have finithed the whole operation, Example, Let it be
required to fubtract 374 out of 8023. Having. ranked them
as before, fay, 4 out of 3, that cannot be, wherefore borrowing
10 of the next rank, and adding the fame to the fad 3, fay, 4
out of 13, there remains g; then writing g under the line, and
carrying 1 in mind, fay, 1 and % makes 8, 8 out of 2 '
that cannot be, but 8 out of 12 ( 12 becaule 10 being 8c23
borrowed, and added to 2, makes 12) there remains 4, 374
which fubferibe under the line; again 1 in mind being ——
added to 3 makes 4, 4 out of nothing, that cannot be, 7649
but 4 out of 10 there remains 6, which likewife fub-
fcribe under the line; laftly, 1 in mind being taken out of 8,
there remains7. Thus you fee that the remainder after 374 15
fubtratted from 8023, is 7649. Note diligently, that as often
as 10 is borrowed, 1 muft be kept in mind to be added to the
figure flanding in the next place of the lower number, and the
fum of fuch Addition muft be fubtracted from the upper place ;
but if ithappen thatthere isno figure in the next place of the lower
number, then the 1 in mind muft be fubtracted from the upper
place; (as in the laft rank of the laft Example.) Another Example,
Let it be required to fubtract g2 from 62801. Having
placed the greater number uppermoft, and the leller 62801
orderly underneath, begin at the place of units, and 92
fay, 2 from 1 that cannot be, but borrowing 10, and -——
adding it to the faid 1, fay 2 from 11 there remains 62709

, which fubfcribe under the line; then proceed and

ay, 1 in mind with g, makes 10, 10 out of o that cannot be,
but borrowing 1o, fay, 10 out of 10and there remains 0, where-
fore fubfcribe o under the line ; agzain, 1 in mind out of 8, there
remains 7 ; then becaufe there are no figures in the lower num-
ber, fay o out of 2 there remains 2 ; laftly, o out of 6 there
,Eemains 6; therefore it appears that 62801 exceeds g2 by

270Q9. v

| _249 Thofe who have confidered A4rf. 45. and are thence fa-
tisfied of the reafon of the operation ufed in Addition, will eafi-

ly perceive that the fame maxim may be applied to the work of
C4 Subtrattion,
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Subtraltion, as direCted in Art. 52. And the truth of the ope-
rations in Art. 53. will appear from the following
Propofition: [f to each of two numbers, the [ame or an equal
number be added, the difference between the numbers refulting will
be the [ame with the difference of the firft twonumbers. Example:
If to 14 and 6 whofe difference is 8,
the number 3 .. 3 be added; then,

The Refults 17 and g alfo differ by 8.

Now, in Art. 53. by taking 4 out of 13 (inftead of 3) 10 is
added to the upper number, and by carrying in mind 1, and
adding it to the figure which ftamﬁ in the place of tens in the
lower number, ten is added to that lower number, therefore the
‘true difference will thence arife by the propofition.

55. If the numbers propofed have diverfe denominations,
place them as before, and beginning with the leaft denomina-
tion firft, fubtralt the lower number from the upper when it
may be fubtratted, and place the remainder underneath ; but if
it happens that the lower number cannot be taken out of the
upper, you muft borrow an integer of the next greater deno-~
mination on the left-hand; which integer, after it is converted
into the fame denomination with the faid upper number, muft
be added to it: Then from the fum of fuch Addition, you are
o fubtract the lower number, and write down the remainder,
keeping 1 (that is the integer borrowed) in your mind, to be
added to the next place of the number given to be fubtracted,
as before: So gol 14s. 10d. 3 being fubtracted from 124/
I1s. 7d. 1f. the remainder 1s 33/ 16s. 84. 2f. For be-
ginning with the farthings, fay, 3 far-
things out of 1 farthing cannot be taken, L i il
therefore borrowing 1 penny (thatisan 124 . 11 . 07 . I
integer of the next greater denomination) go . 14 . 10 . 3
and havinz converted this penny into 4 :
farthings, add them to the aforefaid 1 33 .16 .08 . 2
farthing 5 fo the fum is 5 farthings, out
of which fubtralling 3 farthings, there remain 2 farthings, .
which place under the denomination of farthings; then proceed
to the next denemination, and fay, 1 penny borrowed and 104,
make 114. this 114, out of %d. cannot be taken; therefore
horrowing 1 fhiliing, or 124. and adding 124. to the faid 74.
the fum is 19d. from which fubtrat the faid 114. fo there re-
mains 84, which fubfcribe under the denomination of pence:
Again, 1 fhilling borrowed, being added to 14 5. makes 15 s.
which cannot be fubtradted out of 115, and therefore borrow
1 pound or 205, which being added to the faid rrs. make 31s.

e from
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from which fubtralting 15 5. there remains 16 5. which fub-
fcribe under the denomination of fhillings; then carrying I
- pound, borrowed, to the lower place of pounds, fay, 1 in mind
with o make 1, which taken out of 4, there remains 3 ; again,
g out of 2 cannot be taken, but g out of 12 (10 being bor-
rowed and added to the faid 2, according to Art. 53.) and there
remains 3. Laftly, 1 (for the 10 that was borrowed) being
taken out of 1, there remains nothing; whence if 4 being in-
debted to B, in 124/ 115, 74d. 1/ has paid in part thereof
go/l. 14s. 10d. 3f. there remainsyet undifcharged 33/, 165.
8d. 2f.

56, {Vhen many numbers are given to be fubtradted from a
number propounded, you muft firft add
thofe numbers together, according to the /.
vules of the third chapter, and then the 3240 The Debt.
fum found is to be fubtratted from the ——
number firlt given. Example, Abeingin- 700
debted to B, in 3240/, paid thereof at one 1236 gPaymmrr.
time 700/, at a fecond payment 1236/, 305
and at a third 305/ the queftion is, how —n
muchof the debt remain’dundifcharged? 2241 Total paid.
Firft, add together the feveral fums paid,
and find the total 224 1/. this fubtract from  9qq9 Ref unpaid,
3240l there remains ggg/, undifcharged,
See the operation in the margin,

Another Example of the like
nature. A4 being indebted to B I, 5. d.
in 500/ paid in part thereof at The Debt 500 . 00 . 00
one payment 340/, 125 6d, at L

a fecond payment 13/, 185, 34, {340 . A2 P06

at a third 174 165 10d. the Payments 2 13 .18 . o3
queftion is, how much was in ar- 17 «:06 +a10
rear ! Here, if the operation be .
prolecuted as before, it will ap-  Paidinall 372 . o7 . o7
pear that there was 127/ 125,
5d. unpaid. See the Work in  Reffunpaid 127 . 12 . 05
the margln.

57. Addition may be proved by Subtra@ion, and Subtraétion
by Addition. For bhaving added divers numbers together, if
you fubtract one of them outof the fum, the remainder muft
be equal to all the reft, as you may obferve by the Example
following, wiz. fuppoling thefe 4 numbers are ‘given to be ad-
ded, viz. 236, 452, 29, 217, and that their fum is found to
be 934 (by the rules of the third chapter); it is required to

prove



26 SUBTRACTION Chap. IV,

prove whether the faid fum be true or not;

to perform this, draw a line under the upper- 236

moft number 236, to feparate it from the reft, ——

and feek the fum of all the numbers given, ex- 452 934
cept that uppermoft, which fum is 698. Then 29 236
fubtract the faid uppermoft number 236, from 217 698
934, (the total fum of all the numbers firt ——

found) and becaule the remainder 698 is the 934

fame with the {um of all the numbers, exclud- —

ing the uppermoft, it may be concluded, that 698

the fum of all the numbers, firft found, was truly

computed.

In like manner Subtra&ion is proved by Addition ; for if you
add the remainder and the
number given to be fubtracted Example 1. | Example 2.
together, the fum muft be equal L RN B
to the number out of which the out of 9478 | 24.13.07
Subtraction is made ; foif 4347 fubtraf?. 4347 | 19.15 .08
be fubtralted from 9478, the -
remainder is 5131 ; for if 5131 Reff srarlog.17 11
be added to 4347, the fum is - } -
9478, which is the fame with Pregf 9478 | 24.13 .07
the number cut of which the 3
Subtrattion was made.

And again,if a fervant receive 24/, 13s. 7d.and lay out or dif-
burfe 19/ 155 84. there muft remain in his hands 4 /. 17 5.
11d. for this being added to 19/, 15s5. 84, which was the
money he expended, the fum will be equal to 24/ 135. 74.
(being the money with which he was firft charged.)

Note x. The difference of two even numbers, will be an
even number,

2. The difference of two odd numbers, will be an even
number.

3- The difference of two numbers, the one even and the
other odd, will be an edd number.

58, More Examples of Subtra&tion are thefe that follow :

SusTrAacTION of EngrLisH MonEy.

LALEE R o Y IR R A
Rec. 3090.10.07.1|24.00.00.0
Paid. 0c99.14.08.3l05.17.11.3

-

Ked, aggo.15.10.2 |38 .02. 00 . X

Proof 3090.10.07.1]24.00,00,0
Sup-
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SUBTRACTipﬂ of Trov-WEIGHT.
b, oz, pw. gr.|loez. pw. gr.
" Béught 1352 . 1o. 13 . lg oS & SIPUEE
- Sdd o1y + AT A8 LrEs U 10 Jio0

BRI 332-.%0 . 17, I 86, 16%. 93

Prosf 352 . 10 . 13 . 19205 . I3 . 19
SUBTRACTION of AVOIRDUPOISE-WEIGHT,

; Ciole S il Jhay [hoa! “wogte v dr.
Bosiph? ' 266 AN, 2312596 T3 .02
Sald 079 . 3 . 20|00 . 14 . I3

Ref? 176,02 2524 X4 .08

Prosf ach Wllg T3 [ oty 12

SuBTRACTION of SUPERFICIAL MEASURES of LaND,
HAeres, Rovds, Per. ; A. s Tl

Bought 780 . 2 . 352040 . 1 . 20

Sold Qg0 i 20 s 9Ig s, 10

I

Rf  689°. 2. 39]{1120 . I ° 30
Preof %780 . 2 . 35|2040 . ¥ . 20

(g

I

59. Queftions to exercife Addition and Subtraction.
Queft. 1. Two perfons 4 and B are of feveral ages, the age
~ of theelder, being that of 4 is 70, thedifference of their ages
is 19, whatis the age of B2 Anfw. 51.

Dueft. 2. What number is that which being added to 168,
makes the fum to be 205! Anfw. 37.

Queft. 3. The fum of two numbers is 517, the leffer is 40,
what is the greater? Anfw. 477.
_ Oueft.4. A certain perfon born in the year of our Lord 1616,
defired to know his age in the year 1676, what was his age ?
Anfw. 60.

weff. 5. Thegreater of two numbers is 130, the difference

is 49, whatis the lefler number ? Anfw. 81,

Dueft. 6. What number of pounds, fhillings, and pence, ad-
ded to 34/ 165. gd. will make 100/ 2 Anfw. 65/, 35. 34,

Dueft, 7. How many years fince the Spani/h Invafion, it be-
ing in the year 1588, and the prefent year being 1750 ! Anfw.
162 ‘years, Quefls
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LQuefl. 8. From 100 pounds borrow’d, take 72 paid; :
*T'was a Virgin that lent it, what’s due to the Maid?

Anfw, 28 1 ¢ o T

RQueft. 9. A Mifer hath three bags of money, containing in
all 2984 . 6. of which the firft contains 324 /. 104, and the
fecond 913/ 0s. 64. what doth the third contain > Anfw.
17401 1540649

Queff. 10. A Merchant had 5 debtors, 4, B, C, D, and E,
which, together, owe him 1156/ now B, C, D, and E, to-
gether, owe him 737 /. what is A’ debt ? Anfw. 419 /. |

Ruefl. 11. The three Towns of Londm, Huntingdom, and
York, lie in the fame road ; the diftance between the fartheft of
thefe Towns, wiz. Londin and Yark, is 192 miles; now if
from London to Huntingdsn be 57 miles, how far is it from
Huntingdon o York ? Anfw, 135 miles, '

G HIAPTY.
MvuvTiPpLicATIiON of Whole Numbers.

6o. UrripricaTioN teaches how by two Numbers

given to find a third, which fhall contain either of
the Numbers given fo many times, as the other contains 1 or
unity : - Or Multiplication may be confidered as a manifold ad-
dition, or the repeating of a given Number as often as re-
quired.

O1. Of the two Numbers given in Multiplication, one (which
you will) is called the Multiplicand, and the other the Multi-
plier, or both are called Faétors.

62. The Number fought, or rifing by the Multiplication of
the two Numbers given, is called the Produd, the Faét, or the
Reétangle: So if 5 be given to be multiplied by 3, or 3by s,
the Product is 15 5 that is 3 times 5, or 5 times 3 makes 15;
and here 5 may be called the Multiplicand, and 3 the Mulii-
plier, or 3 may be called the Multiplicand, and 5 the Multi-
plier 5 and as 3 (one of the two numbers given) contains 1 or
unity thrice, fo 15 the Produd, contains 5 (the other given
number) thrice ; likewife as 5 (one of the given numbers) con-
taios unity 5 times, fo 15 (the Produc) contains 3 (the other
given number) 5 times: This fame Produ® may be found by
Addition two ways, vz, either by writing down the number g,

three
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three times ; or the number 3, five times ; and adding them
- together, as below

5 3
- 3
5 3
. 3
L3 3

I5

63. Multiplication is either fingle or compound.

64. Single Multiplication is, when the Multiplicand and Mul-
tiplier confift each of them of one figure only, as in the laft
example. In like manner if you multiply g by s, the produc
is 45 ; this is likewife fingle Multiplication : Now the feveral
Varieties of fingle Multiplication are well expreffed in the fol-
lowing Table, ufually called Pythagoras’s Table. The truth
of which may be proved by Addition, as above,

The TABLE of MULTIPLICATION.

1li2] 3] 4]l 5|61 7] 8] 9
2] 4] 6] 8fiof1zf14]16]18
31 6| 9lr2[15[18[2r]24]27
4] 8|12]16]20]|24]28]32]36
S5|liol15]20|25]|30]35]40]45
6|12 |18|24]30]|36]|42]48]54
711421 |28 35]42]49]56]63
§116124132|40148]56]64]72
gl 18127136]45]54]63]72]81

The ufe of the Table is this : Having one figure given to ba
multiplied by another, to know the produét of them, find the
Multiplicand in the top of the Table, and the Multiplier in the
firft column thereof towards the left-hand ; then the produét
will be found on the fame line with the latter, and under the
former. So g being given to be multiplied by 5, I find g in
the top of the table, and 5 in the firft column towards the
left-hand ; then carrying my eye from § in a right line equi-
diftant to the upper fide or top line of the Table, until I come to
that [quare which is directly under g, I find there 45, which is the
product required. The particular varieties of this Table ought
to be learned by heart, (that is, a man muft be able to give
the product of any fingle Multiplication, without the leaft paufe

or
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.or ftay) before he can readily work compound Multiplication,
as will appear hereafter.

Nste 1. The produ&t of any number by an even number,
will be an ever number.

2. The produét of an ¢dd number by an ¢dd number, will

be an sdd number.

3. The produét of any two numbers can have, at moft, but
as many placesof hgures as are in both Faltors; and, at
leaft, but one place fewer. Examp.g xg=81,and1I Xx1=—1.

65. Compound Multiplication, is when the Multiplier and
Multiplicand, cither one or both, confift of more figures than
one.

66. In Compound Multiplication, when the numbers given
end with fignificant figures, place them as in Addiiion and Sub-
traélion, So 134 being given to be multiplied by 2,
place them thus: Then proceeding to the Multiplica- 134
tion, fay thus, 2 times 4 is 8, which fet under the line 2
in the rank of your multiplying figure ; again fay 2 times ~ ——
3 is 6, which likewife fet under the line in the next 268
rank : Laftly, 2 times, 1 is 2, which being likewife fet
down under the line in the next rank, the produétis difcovered
to be 268, and the work will ftand as in the margin.

67. The truth of this procefs may be made evident : Thus,

Since 100 multiplied by 2 produces 200

3o multiplied by 2 produces 6o

And 4 multiplied by 2 produces 3
Therefore 134 multiplied by 2 produces 268

For fince the parts 100, 30, and 4, added together make
the whole 1343 therefore the produ@s of each of thofe parts,
being added together, will be the product of the whole.

68. When the Multiplier confifts of more figures 1232

-than one, as many figures as it has, fo many feveral 23
produéts muft be fet down under the line, which at 3646
laft being added into one fum, will give you the total 2464

-produdt of all, So 1232 being given to be multiplied "z"gé”g
by 23, the operation will ftand thus; 1232 being 93
~multiplied by 3 (according to the laft rule) the pro-
-duétis 3696. Again, 1232 being multiplied by 2, 1321
‘the product is 2464, which feveral produés after 123
they are placed in their due order, (that is, the firft 3903
figure arifing in every produét under its refpedtive 2642
~multiplying figure) and added together, produce 1321
28336, the product required: Inlike manner 1321 102483
being given to be multiplied . by 123, the pro- 7
duct
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du&t is 162483, and the operation will appear as in the
~ margin, :
69. The produ& of 1232 by 23, is equal to the produ&t of
- 3232 by 20 and the produét of 12 32 by 3, added together. See
Examp. 1. Art. 68,

ut 1232 multiplied by 20 produces 24640
And 1232 muldplied by _3 produces 3696
Therefore 1232 multip]ied'by 23 produces 3-333?;

70, When the product of any of the particular figures exceeds
ten, place the excefs under the line, as before, and for every ten
that it fo exceeds, keep one in mind to be added to the next
rank ; as was taught in Addition.

Example, 3084 being given to be multiplied by 3084
36, the work will ftand thus; 6 times 4 being 24, 36
fet 4 under the line, and referve 2 in mind for the
two tens; then fay 6 times 8 is 48, to which add 18504
2 kept in mind, the whole is 50; therefore fet down g252
© in the next rank under the line (o becaufe there is ———
no excefs of 50 above 5 tens) and keep 5 in mind 111024
for the 5 tens; again, fay 6 times nothing is nothing, |
to which adding g that was kept in mind, the whole will be
‘but 5, which fet down under the line in the next rank 3 again,
6 times 3is 18, which (in regard 3 is the laft figure of the Mul-
tiplicand) fet wholly down; fo that the particular product ari-
fing from the multiplying by the figure 6 is 18504 : In like man-

- mer proceeding with the multiplyi ng figure 3, the particular pro-
duct arifing will be g252. Laftly, thefe feveral

products being placed in due order, and added to- 5073

- gether (after the manner of the laft Article) will give 256
111024, which is the total product arifing from "‘_3";;""‘33

~the Multiplication of 3084 by 36, and the opera-

2
tion will ftand as in the margin, After the fame mfzﬁs

manner, if 5073 be given to be multiplied by
256, th; product will be found tobe 1298688, and 129§63§

the operation will ftand as you fee in the example.

71. When the two numbers given to be multiplied, do, one
or both of them, end with a cypher or cyphers towards the
right-hand, multiply the fignificant figures in both numbers,
one by the other, negle@ing fuch cyphers; and when the Mul-
tiplication of the fignificant figures is finifhed, annex, on the
right-hand of the number produced by the Multiplication, the

" cypher or cyphers, ‘with which one or both of the numbers
firft given did end, fo will the whole give you the true produét
“‘demanded. Ewample, 43100 being given’ to be multiplied by
45000, the produtt will be found 646500000 ; for, omitting

the
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the cyphers which ftand in the laft places to-
wards the right-hand, as well in the Multipli- 43100

cand as the Multiplier, multiply the fignificant 15000
figures 431, by the figures 15 (according to the =~
former rules) fo there will arife 6465, to which 2155
annexing on the right-hand all the cyphers be- 431

for omitted,the true produ&t will be646500000.

More examples hereof are thefe following : 646500008
43125 5108000
1500 125
a 215625 25540 "
43125 10216
5108
64687500 -
638500000

2. When, in the Multiplier, cyphers are included between
fignificant figures, multiply by the faid fignificant figures, neg-
le&ing fuch cyphersor cypher, but obferve diligently to fet the
particular produtts of the fignificant figures in their due places,
accordin% to Art. 68. So if 56324 be given to be multiplied by

20006, firft multiply the whole Multiplicand

56324 by 6, and place the product orderly un- 56324
der the line ; then paffing over the three cyphers, 20006
multiply 56324 by 2, and place 8 (which is the

firft figure of this particular produét) direétly un- 337944
der the multiplying figure 2, and the reft in 11264%

their order ; fo at laft the true produét will be
found to be 1126817944, and the Work will
ftand as in the example,

More Examples hereof are thefe that follow -

1126817944

3004 23765
104 10302
12376 47530
3094 71295
e 23765
321776
244827030

Niste, That one of the principal cautions, to be obferved in.
Multiplication, is the due placing of the particular produéts
arifing by each multiplying figure ; and that may be performed,
either, by taking care to place the firft figure or cypher """hi?h

arifes
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arifes in each product under the refpe@ive multipl ying figure ;
or at leaft the firft place arifing in the fecond produ@® muft
- ftand under the fecond place of the firft product, and the firfk
place of the third particular produ&@, under the third place of
the firft, &c. '

73- When a number is given to be multiplied by a number
that confifts of 1 (or an unit) in the firft place towards the left-
hand, and a cypher or cyphers on the right-hand of fuch unit
(as are 10, 100, 1000, 10000, &'¢.) the Mulliplicatiun‘ Is per=
formed by annexing the cypher or cyphers of the Multiplier at
the end (to wit, on the right-hand) of the Multiplicand ; fo if
326 be given to be multiplied by 10, the product is 3260 ; if by
X00, the produét is 32600 ; if by 1000, the predud is 3260003
in like manner if 170 be multiplied by 10, the produét is 17003
if by 100, 17000, €3¢,

74 Hence if it be required to multiply by 5, add a cypher
to the Multiplicand and take 2 the refult, fo Rugrag 5= dandien
1630.

, ;%5. How to multiply by any number under 20, fo as to bring
the whole operation into one line,

Rule. Multiply each fizure in the Multiplicand by the unit

Jzure in the Multiplier, adding to each its back figure ;s as in
the fullswing Examples,

47947 27942
13 17
623311 475014

Which are done thus ; viz. 3 times 7 is 21, fet dewn 1 and
carry 2; then 3 times 4 is 12, and 2'is 14, and 7 (which is
the back figure to 4) is 21, 1and carry 2; 3 times g is 27,
and 2 is 29, and 4 (the back figure) is 33, 3 and carry 3
3 times 7 is 21, and 3 is 24, and g (the back hgure) is 33, 3
and carry 3; 3 times 4 is 12, and 3is 15, and 7 is 22, 2 and
carry 2, which zdded to 4 makes 6.

?3. In like manner the whole operation of the Multiplication
of Numbers between 20 and 30, are brought into one line, by
taking in the double of the back hgure, and between 30 and
40, the treble of it, &,

By which Rule in multiplying by Numbers compounded of

—

thofe under 20, the produ& is readily found thues:
By 112, either muitiply by 2 and 11, or by 12 and 1, as,

D 94267
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94267 94267
112 112
188534 1131204
1036937 94267
30557904 10557904

Alfo it multiplying by 1614, and 17155 in the firft multiply
by 14 in one line, and by 16 in the other: And in the latter
by 15 in one line, and 17 in the other, as above direéted;
obferving always to place the firft figure of aline under its own
Muldiplier; as

479479 479479

1614 1715

6712706 71921835
7671664 8151143

773879106 822306485

77. Otherwife for any number under 20, 2 method not fo
troublefome to the memory.

Rule. Multiply by the unit figure, fetting that whole pro-
duél one figure back on the rigbr-f;gnd, “which added to the ﬂ);u!-
tiplicand, gives the produé?, viz.

47947 27642 479479 by 14
13 17 1917916

143841 193494 6712706

623311 P469914

Note, This will be ftill eafier, if the Multiplier be not wrote
under the Multiplicand, as in the laft Example.
But for 112, multiply by 12, fetting the produ& two figures

back, which likewife added to the Multiplicand, gives the pre-
duét, as,

94267 94267 by 112
152 Or 1131204
1131204 1055790;.
10557904

78. In
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78, In like manner, if the Multiplier be 2f, 31, a1, &%,
let the Multiplicand ftand for its product by unity, and write
under it, in the proper place, the produé b y the other figure,
For example, the operation of multiplying 365 by 31 may
ftand as below.

365
1095

11315 &

79. When it is required tﬂsmultip!}l' by a number confifting
of nines, viz. 9, 99, 999, gg 9> &e. write as many cyphers
as there are nines in the Multiplier to the right-hand of the
Multiplicand, and from the refult fubtra&® the Multiplicand,
and the remainder will be the required produd.

Examp. 1 Let it be required to multiply 456 by g ?

One cypher annex’d to 456 makes 4560 — 456 X 10.4rt, 73,
¥rom which fubtracttheMultiplicand 456 =456 T

The ‘remainder is the product 4104 = 486 X 10—1

Examp, 2. Required the produ& of 456 by gg?
Two cyphers annex’d to 456 make 45600 — 456 x 100
From which fubtra& 456 =456 x 1

The remainder is the produét 45144 = 456 X 100—;}

Examp. 3. What is the produ&@ o1 456 by ggg?
Threecyphersannex’d to456make 456000 = 456 x 1000
From which take | 456 =456 x i

The remainder is the anfwer 455544 =456 X 1000—1

80. When it is required to multiply by a number confifting
of any digit repeated wiz. 11, 111, 1111, &9, or 22, 223,
2222, &%, or 33, 333, 3333, ¢, &9¢. find by Art. »g. the
product of the given Multiplicand by 9a, 999, 9999, &, and
take the ninth part thereof, * that is divide the produtt by ¢,
then the refult multiplied by the digit which repeats in the given
Multiplier will be the produ& required,

Examp. 1, Let it be required to multiply 456 by 4442

The product of 456 by 999 is 455544 =456 x 999 4rt. 7.
The ninth part thereof is 50016 = 456 x (222) 111
Multiply by the repeating digit 4

The produét is the anfwer 202404 =456 X (111 X4=)444

D2 Examp,

* 1f the Reader hath not learnt how to divide, let bim pofipone the pradtice of
this.Rule till he hath read the next Chapter,
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Examp. 2. Multiply 4538769 by 7777777 ¢
Seven Cyphers annexed to the

Multiplicand = 45387690000Cc0
Subtra& the Multiplicand : 4538769
Remains 4538768546123 1
X of the remainder 5043076162359
.ﬁaﬁ[ultipi}' by the digit 7
The anfwer 35301533130513

81, To multiply by a Fadtor confifting of fo many cyphers,
between two digits, as there are places in the Multiplicand.

34567
6ooooos

Prod. 207402172835

In this and the like cafes there is no more difficulty than in
multiplying by a fingle digit ; for the number of cyphers being
equal to the places in the Multiplicand, the produét by the 6
falls juft to the left-hand of the produ& by the 5; but if the
produét of the digit next the left-hand by that in the unit’s
place, and what is carried, be lefs than 10, then a cypher muft
be put down between the two produdts.

82. The following is an univerfal method for all cafes;
whereby tho’ there is not any contraction, and even fome more
to do, vet it makes the work fo ealy that there is no time
loft, at leaft in large examples, and more certainty in the ope-
ration. Thus,

W rite down the Multiplicand, then double it ; add this {um
to the Multiplicand, and this again, and fo on, every fum to
the Multiplicand, till you have nine nu mbers, and it’s plain that
thus vou have a Table of the products of the Multiplicand by
all the digits, made up by a very fimpleand eafy operation ; and
then you have no more to do, but to transfer your feveral pro-
ducts out of this Table, and fum them up.

TAB L E,

467853798 |
935707596
1403561394
1871415192
23392689906
2807122788
3274976586
3?42330334
4210684182

W03 nn L 0 m

EX
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EXAMPLE,

467853798
6839754

1871415192
2339268990
3274976536
4210684182
1403561394
3742830384
2807122788

320000488628 5092

kil

Altho’ this method is univerfal, yet we need not apply it in
every cafe, for that would not always be beft ; but in fuch Ex-
amples as this, the eafe and readinefs with which it is done,
does more than fave the time fpent in making the Table; with
this advantage, that the work is performed with much more
certainty, becaufe it is more fimple.

83. This may be contralted in many cafes; for there is no
neceflity always to make the Table for all the nine digits. And
it may happen, that by help of fome of the preceeding methods,
we can as eafily make a Table for few, or no more than we

ave ufe for in the Multiplier; nor is it any great matter in
what order they ftand in the Table,

For Example, to multiply 78659 by 6897. In making this
Table, firft take 3, then double its produét for 6 ; ando the
reft by the common way.

7 48 LE,

78659
235977
471054
5506173
629272
91 70793I

Again, to multiply 783596 by 3857, firft multiply by 3,
then by 5 (as in Art. 74.) then add thefe produds for 8, thea
fubtract the firft from this for 7.

Oo~3 Ohins

Da t-rjf-
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A BLE,

1} 7835096
3 2350?23
5 | 3917980
8 | 6268768
71 5485172

84, Another Method by a fmall moveable Tzble.

Make a Table of the I\J}:ﬂtiplicand only for the numbers
1,2, 5 (ufing Art. 74. for 5.) and make it upon a bit of loofe
paper, that it may be always applied directly and immediately
over the place where every particular product is to be written
down, (for much of the difficulty lies in the diftance and crofs
pofition of the Multiplicand to the feveral produts) and out of
this fmall Table find your produét thus :

Suppofe for a Multiplicand 685497. When the figure of the
Multiplier is 2 or g, here you have the produés ; then for 3
add 2 to 1 (7. e. the numbers againft 2 and 1,) for 4, double
the number againft 2; for 6, add 5and 1, or multipI‘y 2 by 33
for #, add § and 2; for 8, add 5, 2, and 1; for g, ule the me-
thod of Art. 79.

TAELEK.

=

685497
2 | 1370994
1513427485
'85. When more numbers than two are given to be multiplied
one by the other, that kind of Multiplication is called continual,
and is thus performed, viz. firlt multiply any two of the num-
bers given one by the other, then multiply the product by an-
other of the numbers given, and this produét by the fourth
number given (if there be fo many) and in that
order till every one of the given numbers has 18
been made a Multiplier, fo the laft product 4
js the true produét required. Example, If 4,
18, and 22, were given to be multiplied con- 72 Prod.x.
ginually, firft 18§ multiplied by 4 produces 72,
which multiplied by 22 (the third number) |
produces 1584, the lalt product or number re- - 44
quired. See the Work in the margin. The 44
proof of Multiplication is by Divilion, as will 1484 Prod. 2,
appear by the next Chapter,
86. If one of the Faltors is equal to the produc of any twe

or more numbers, then multiply by thofe numbers continually,
That

22
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That is, to multiply 42991 by 56, firft multiply it by 7, and
that produét by 8, then the fame product will arife as if it were
multiplied by 56, the produét of 7 by 8. Example.

4299T 42991

7 56

390937 257946
214955

2407496 2407496

Note, If Numbers are given that cannot be produced by the
Multiplication of any two. figures, then find out two figures
whofe produé comes neareft, either under or above it, to which
add what is wanting, or from which fubtra what is over the
given number; as,

479 by 47 479 927by29 927
6 47 4 29
2874 3353 3708 8343
8 1916 ) 1854
22992 22513 25956 2688
479 fubtracted 927 added .
22513 26883

87. To multiply Numbers of feveral denominations. For
example; to multiply 3/ 13s. 71d. by 8, the procels may
ftand as below.

31‘13!?

==

Anfw. 29 . g .0

The Work is performed as follows, faying 8 half-pence make

2 pence, which referve in mind ; again, 8 times 7 pence make
4s. 84. (to wit, 8 fix.pences make 4s5. and there are 8 pence
befides) to which adding 4 pence in mind, there will arife 5s.
which referve in mind, and fubfcribe a cypher under the place
of pence; again, fay 8 times 13s. make 5/, 45. (to wit 8 angels
make 4/, and 8 times 35, make 1/, 4s.) to which adding §5s.
in mind, the fum will be 5/ gs. wherefore fubfcribe gs. (the
excefs above the pounds) under fhillings, and keep 5/ in
mind ; laftly, fay 8 times 3 pounds make 24 pounds, which with
Da 5 pound:
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5 pounds in mind make 29 pounds ; fo that the total product
or an{wer of the queftion is found to be 2g/. gs.
More Examples of thiskind are thefe :

g, gl
17 . 15551
7

Anfw. 124 . 8. 0%

L 8 d.
I8 CLEZ s bl
8

Anfw. 149 . cO. 6

CH A P. VI
DivisioN of Whole Numbers.

83. IVISION is that by which we difcover how often

one number is contained in another; or (which is the
fame) it fhews how to divide a number propos’d, into as many
equal parts as you pleafe.

89. In Divifion there are always three remarkable numbers,
which are commonly called by thefe names, the Dividend, the
Divifor, and the Quotient.

go. The Dividend is the number given to be divided into
equal parts.

g1. The Divifor is the number by which the Dividend is to
be divided; that is, it is the number which declares into how
many equal parts the Dividend is to be divided.

g2. Fhe Qustient is the number arifing from the Divifion,
and fhews one of the equal parts required ; {o if 15 were given
to be divided by 5, or into 5 equal parts, the number arifing,
or one of the equal parts will be 3, for 5 is found three times
in 15: And here 15 is the Dividend, 5 the Divifor, and 3 the
Quotient,

. As Multiplication is 2 manifold addition, fo Divifion is 2
manifold Subduction ; that is, the taking of one number out of
another as often as poflible, Thus, 15 divided by 5, quotes 3.

or
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For if 5 be three times taken from 15, nothing will re-
main,

Note 1. If two numbers confift of an equal number of places
the leffer cannot be contained in the greater above nine times.

For 10 times any number confifts of the faid number with
a cypher annexed, by Art, 73. that is, it has one place more
than that number,

Note 2. If two numbers be given, the greater of which has

~ one place of figures more than the lefler, butif the unit’s place
of the greater number be taken away, the remaining ficures of
that number be lefs than the lefler number, then the lefler num-
ber is not contained in the greater more than g times,

For if the lefler number be contained in the greater 10 or
more times, then the figures which remain in the greater num-
ber, after the unit’s place is taken away, will be equal to or
greater than the leffer number.

Note 3. If an even number be divided by an odd number,
the Quotient will be even, '

Note 4. If an odd number be divided by an odd number, the

uotient will be odd.

Note 5. If an even number be divided by an even number,
the Quotient may be either even or odd,

94. Divifion being the hardeft leflon in Arithmetic, muft be -
heedfully attended to by the learner, for whofe eafe the utmoft
endeavour is ufed to make the way fmooth by Rules and Ex-
amples, beginning with the eafieft firft, which will be in that
cafe when the Divifor confifts of one figure only ; for example,
let it be required to divide 192 by 8, or 192 pounds into 8
equal parts or fhares ; here 192 is the Dividend, 8 is the Divifor,
and the Quotient or one of the equal parts is fought.

95. Place a crooked line at each end of the Dividend, that
on the left-hand ferving for the place of the Divifor, and that
on the right for the Quotient ; then if the Divifor be a fingle
figure, fubfcribe a point under the firft figure of the Dividend
towards the left-hand, if fuch firft figure be either equal to, or
greater than the Divifor ; but if fuch firt figure
be lefs than the Divifor put a point under the &7 sne |
next place of the Dividend ; which number fo -
diftinguithed by the point may be called the Di-
vidual; fo in the Example above given, 192 being the Divi-
dend, and § the Divifor, fet a point under 9, notunder 1, be-
caufe it is lefs than the Divifor., This done, the Dividual, or
number whereof the queftion muft be afked, is 10.

96. Having thus prepared the numbers, afk how often the
Divifor is contained in the Dividual, and write the number

which
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which anfwers the queftion in the Quotient ; then multiply the
Divifor by the number placed in the Quotient, and fubfzrihc |
the produét under the Dividual. Laftly, having drawn a line
under the produét, fubtraét it from the Divi-
dual, and fubfcribe the remainder orderly un- 8) 192 (2
der the line. So demanding how many times *
the Divifor 8, is found in the Dividual xg, the 16
an{wer is two times, therefore write 2 in the
Quotient ; then multiplying the Divifor 8, by
2 (the number placed in the Quotient) the
produétis 16, which fubfciibe orderly under the Dividual 1g ;
- and after a line is drawn under the produét 16, fubtratt it from
the Dividual 19, and place the remainder 3 under the line.
g7. Putanother point under the next place of the Dividend
towards the right-hand, and bring down the fgure or cypher
ftanding in that place to the remainder ; that is, fet it pext
after jt, fo the whole will be a new Dividual :
Thus a point being placed under 2, which 8) 192 (2
ftands in the next place of the Dividend, write .

2 next after (to wit on the right-hand of) the 16
remainder 3, {o 32 is 2 new Dividual,or num-  e————e
ber whereof the fecond queftion muft be afked, 32

and the Work will ftand as you fee in the Example.

8. A new Dividual being fet apart, renew the queftion, and
proceed according to Art. g6. Thus demanding how often
the Divifor 8, is found in the Dividual 32, the anfwer is four
times ; therefore write 4 in the Quotient : Then multiplying
the Divifor 8, by 4 (the figure laft placed in the Quotient) the
produét is 32, which fubfcribe under the Di-
vidual 32, and after a line is drawn under- 8) 192 42)
neath, fubtrat the produét 32 from the Divi-

dual 32, and there being no remainder, fub- 16
fcribe o under the line ; fo the whole Work 2
being finifhed the Quotient is found to be 24, 32
and the operation ftands as you fee in the 32
Example ; therefore if 1g2 pounds be equall RS el
divided among 8 perfons, the fhare of cac o

perfon will be 24 pounds.

A fecond example : Let it be required to
divide 936 poundsinto g equal parts : having g) 936 (1
diftinguithed the firft Dividual by a point, -3 {

(according to Art. g5.) demand how often 9
the Divifor g is found in the Dividual g, and -
finding it once contained in it, write one in o

the Quotient; then multiplying the Divifor g
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by 1, the produét is g, which fubfcribe under the Dividual 93
after this, a line being drawn under the produ& g, fubtra&@’ it
from the Dividual g, and there being no remainder, place a o
under the line, asinthe Example.

Again, placing a point under 3 whichftands g) 936 (10
in the next place of the Dividend, tranferibe 6

the faid 3 next after the remainder o for a 9
new Dividual ; then afking how often the —
Divifor g is contained in the Dividual 3, and 03

not finding it once contained therein, write o

in the Quotient : And now becaufe the produ& which ought te
arife from the Multiplication of the Divifor by o (the cypher
laft placed in the Quotient) amounts to o, the Dividual 3, out
of which that product fhould have been {ubtralted, remains the
fame without Alteration ; therefore after a point is fubfcribed
under 6, the next place of the Dividend, annex 6 to the
Dividual 3, fo there will be a new Dividual,

to wit 36 : Then demanding how often the ¢) 936 (104
Divilor g is found in the Dividual 36, the o

anfwer will be 4 times ; therefore place 4 in 9

the Quotient, and multiplying the Divifor ¢ B
~ by 4, the product is 36, which fubfcribe un- 036

derneath, and fubtraét from the Dividual 36 ; 36

fo the remainder is 0 ; thus the whole Work .

being finithed, the Quotient is found to be 0

104, as in the Example : W herefore conclude,
if 936 I be equally divided among g perions, the fhare of each
will be 104 /.  In like manner, if 2¢g6163 be divided by =,
the Quotient will be 42309.

99. The whole Work of Divifion is chiefly contained in this
following Verfe.

Dic quot, multiplica, [ubduc, transferque fecundam.

Or thus,
Firf you mufl afk bow oft, in Quotient anfwer make;
Then multiply, [ubtradl, a new Dividual take,

And the reafon of the operation will appear from the follow-

ing explanation thereof,
Divifor 8) 936 ( 100 the firft Quotient.
800 = 100 %8 the produd of the Divifor and

—— the Quotient.
136 = firft remainder.

Divifor
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Divifor 8) 126 ( 10  the fecond Quotient,
80 = 10x8 the produ&t of the Divifor and
—_— the Quotient,
56 = fecond remainder.

Divifor 8) 56 ( 4 the third Quotient. -

56 = 4 x8 the Product of the Divifor and

- the Quotient.
00
. Now the fum of the feveral Quotients, wiz. 100 4+ 10+ 7
= 117 the Quotient, as found by the operation above directed,
viZ,
8) 336 (117

13

Iac

56
56

00

100. When in the divifion the Divifor confifts of a fingle
figure only, the Quotient may be exprefs’d, and all the operation
performed in mind, without writing down any part thereof; fo
82506 being given to be halfed or divided into two equal parts,
the Work will be thus: The Divifor 2 is
found in 8 four times ; in 2 once ; in §twice, 2)82506(41253
and there will remain 1, which 1 being fup-
pofed to ftand before (to wit, on the left-hand of) the cypher
makes 10 ; then fay 2 is found in 10, 5 times; and laft of all
in 6, 3 times ; fo that the true Quotient or one half of the
given number 82506 is found to be 41253.

In like manner, if 82506 be given to be divided by 3 or
into 2 equal parts, the Work will be thus:

The Divifor 3is found in 8 twice, and there 3)82506(27502
will remain 2, which 2 being fuppofed to

ftand before (to wit, on the left-hand of) the following 2,
makes 22 ; thenfay, 3 is found in 22, 7 times; in 13, §
times ; in 0, not at all ; and laftly, in 6 twice; fo that the
true Quotient, or one of the three equal parts required is 27502.
After the fame manner may Divifion be work’d by any fingle
Sgure, without much charge to the memory,

When
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When the Divifion is thus performed, it is ufual to write the
Quotient under the Dividual : Thus

3) 823506

27502

101. Here the Learner may afk, what fhall be dene with
the laft remainder, if any happen, when the Divifion is finifhed ?
A full anfwer to this will be found in Chap. 17. where the
Doétrine of Frationsis explained ; yet I fhall here produce an
Example where the faid cafe happens, viz. Let it be required to
divide 351 by 8, or 351 pounds equally among 8 perfons ;
now, if the operation be profecuted according to the former
rules, the Quotient will be found to be 43, and
after the Divifion is finithed, there will remain 7, 8) 351
that is, each perfon muft have 43 pounds, and —
there will be an overplus of 7 pounds, which muft 1377
be alfo divided equally among the 8 perfons; but
that cannot be done till the 7 pounds be reduced into fhillings,
and then thofe thillings muft be divided by 8, to give every
perfon his due fhare of the fhillings contained in the faid 7

unds: Again, if there yet remain any {urplufage of fhillings,
they muft be reduced to pence, which alfo are to be divided by
8, to give every perfon his due thare of pence: So that when
this queftion is fully anfwered, each perfon’s thare will appear
tobe 43/ 175s. 64, But how the before-mentioned Reduélion
is performed, will be made manifeft in the next chapter.

102. When the Divifor confifts of two, three, or more places,
the operation is more difficult than the former ; but depends
upon the fame grounds ; and therefore the Learner being well
verfed in the preceding method, of dividing by a fingle figure,
will the more readily underftand thefe that follow, which are
two, of which the firft is the eafier, but the latter more expe-
ditious : For an Example of the former, let it be required to di-
vide 4112772 by 708; or, which is the fame, to divide
4112772 into 708 equal parts,

Firft a Zable is to be made to thew The Divifor _ 708 | I
at firft fight any Multiple or produ& S (1416 | 2
ef the Diwifor, it being taken twice, 2 | 2124 | 3
thrice, or any number of times under « {2832 4
ten; fo having firft written down the ﬂﬂ, 3540 | 5
Diwifor itlelf 908, and drawn 2 line 1424816
on the right-hand of it, piace 1 on 2 149567
the right-hand of the line directiy = 1560418
againft the Divifor 3 then under the S 637219

Di w{;ﬁr
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Divifor 708, fubfcribe the double thereof, which is 1416, and
place the figure 2 directly againft the faid double, to wit, on the
other fide of the line. Again, adding 1416, (to wit, the double
of the Divifor) to the Diwifor itlelf 708, the fumis 2124 for
the triple of the Diwifor ; fubfcribe this under the double, and
place 3 on the other fide of the line right againft it. Again,
adding 2124 (the tripleof the Divifor) to the Divifor 708 pro-
duces 2832 for the Quadruple of the Divifor, which Quadruple
fubfcribe under the T'riple; and proceeding in like manner, at
laft tk}__f; Tfabl;_is ?nil’hed, whi}:h readily thews the Divifor, with
the Duple, Triple, Duadruple, intuple, Sextuple, Septuple
Oétu Ee,Pand Nﬁ:mﬂif t}:goﬂiﬂ%n P g

ow for a proot of the faid Table, adding the laft number
thereof, to wit, 6372 (which was found to be nine times the
Divifor ) to the Divifor 708, the fum is 7080, which is evident-
ly ten times the Divifor ; therefore the Table is true, in regard
;:-hat the laft number of it is derived from all the fuperior num-

ers.

The Table of Multiples or Produdls of the Divifor being
thus prepared, fet down the Diwidend on the right-hand of the
Divifor 5 then diftinguith by a point fo many of the foremoft
places of the Dividend towards the left-hand, as are either equal
in value to the Diwifor, or which being greater, yet come
neareft to the value thereof; thus 708 | 1) 4112772 (5809

fubfcribe a point under 2, thereby R
fetting apart 4112, being the 1416]2 3540 :
fewelt of the foremoft places -

which contain the Divifor 408, 21243 5727
fo is 4112 the Dividual or num- 2832 |4 5604
5
b

ber whereof the firft queftion e
muift be afked ; then demanding 3540
how often the Divifor 708 is con- 4248 |
tained in the Dividual 4112. the |
an(wer will be found by the Ta- 49567 Q
ble tobe five times ; for lookingin 5664 | 8
theTableitappearsthat6 timesthe 6372 |9
Divifor is the next greater than
the Dividual 4112, and § times is the next lefler, therefore
write 5 in the Quotient, and the number in the Table which
ftands againit 5, to wit, 3540, fubfcribe under the Dividual
4112, Then having drawn a line underneath, fubtra&t 3540
(which is five times the ﬂiw.'ﬁr] from the Dividual 4112, and
fubferibe the remainder 572 under the line ; that done, put a
point under the next place of the Dividend towards the right-
2 hand,

6372
6372
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hand, and becaufe the figure 7 ftands in that place, tranfcribe 7
next after the remainder §72, fo there is 5727 for 2 new Dj-
vidual.

* Then demanding how often the Divifor 708 is contained in
the Dividual 5727, the anfwer will be found by the Table to
be 8 times; for looking by the Table, g times the Divifor is
the next greater, and 8 times is the next lefler than the Dijyi-
dual ; therefore write 8 in the Quotient, and the number in
the Table, which ftands againft 8, to wit, 5664 fubfcribe un-
der, and fubtraét from the Djvidual 5727, placing the remain-
der 63 under the line.

Again, put a point under the next place of the Dividend,
to wit, the figure 7, and tranfcribing 7 next after the remain-
der 63, the new Dividual will be 637 ; then demanding how
often the Dswifor 708 is contained in the Dividual 637, and
not finding it once contained therein, write 0 in the Quo-
tient, and fince in this cafe (that is, when a cypher anfwers the
queftion) the Dividual remains the fame without alteration,
the figure or cypher ftanding in the next place of the Dividend,
is to be tranfcribed after the Dividual for a new Dividual, fo
writing 2 next after 637, the new Dividual is 6372 : Then
demanding how often the Divifor 708 is contained in 6372,
the Table thews that it is contained in it g times; therefore
writing g in the Quotient, and placing the number which ftands
againft g in the Table, to wit, 6372 under the Dividual
0372, and fubtralting it

from the Dividual, there Divifor 188 1) 20304 (108
will remain o. Whence, .,_‘g_' [ 3762 tee
if 4112772 be divided by i 56473 188
=208, or intoc 708 equal R i
parts,” the true Quotient < | 75249 (i1504
or one of the equal parts 'S ; g40|5 1504
required is 58c9. In like %) :
~ manner, if 20304 be divi- o | 1128 | © e
ded by 188, that is into | 13161 7
188 equal parts, the Quo- r 504 | 3
tientarifing, or one of thofe pon (1692 | 9

equal parts will be 108,
and the operation will ftand as you fee.

The preceding Method of Drvifiin by the help of a Table
of Multiples or produlls of the Diwvifor, as it is moft ealy,
fo in fome cafes, namely, where the Diwifor is great, and a

uotient of many places is required, (as in calculating Tables

of Intereft, Aftronomical Tables, and fuch like) it excelsthall
other
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other ways of Divifimn 3 both in refpet of certainty and ex-
pedition ; but for common practice itistoo tedious.

103.. The laft and principal method of Divifion, when the Di-
wifor confifts of many places, which to fuch as have the Table of
Mudtiplication by heart, will not be difficult : For Example,
let 56304 be a number given to be divided by 184, that is, into
184 equal parts, and the Quotient, or one of the equal parts is
required. :

Firft, Diftinguifh by a point (as before) fo many of the fore-
moft places of the Dividend towards the left-hand, as are either
equal in value (when confider’d apart) to the Divifor, or elfe
which being greater, yet come nearelt to it : Thus fubfcribe a
point under the figure 3, thereby fetting apart 563, being the
feweft of the foremoft places, which contain the
Divifor 5 fo is 563 the Dividual, or number 184) 56304 (
whereof the firft queftion muft be atked. Hav- :
ing thus prepared the numbers demand how often the Divifor
184 is contained in the Dividual 563 ; and fince to anfwer this
queftion and fuch like, there is a neceflity of trial, it will be
requifite to thew how this trial may fitly be made : Firit, there-
fore, compare the number of places in the Dividual, with the
number of places in the Divifor, and when the number of places
is the fame in both, let it be afked how often the firft or ex-
treme figure of the Divifor, towards the left-hand, is contained
in the firft figure of the Dividual towards the fame hand, fo
here demanding how often 1 iscontained m §, the anfwer is
& times; therefore the Divifor 184 is not contained oftner than
5 times in the Dividual 563 (for 6 times 184 is manifeftly
greater than 563,) but whether it be contained 5 times in it or
not, examination muft be made, either by multiplying (in fome
bye-place) the Divifor 184 by the faid 5, and comparing the
produc with the Dividual 563 ; or elfe thus, faying 5 times 1
(to wit, the 1 in the Divifor) 1s contained in 5, to wit, the firlt
figure of the Dividual 563, 5 times; but then the 8, the follow-
ing figure of the Divifor, cannot be found g times in 6, the
tollowing figure of the Dividual and confequently the Divifor
184 1s not contained § times in the Dividual 563 ; wherefore
make another trial to fee whether it may be contained 4 times
initor not ; faying, 4 times I is 4, which is found in 5, and
there will remain 1; but then 4 times 8, which is 32, cannot
be had in 16 (for the 1 before remaining being {fuppofed to
ftand on the left-hand of 6 makes 16); hence again, the Divi-
for 184 is not contained 4 times in the Dividual 563 ; where-
fore make another trial to fee whether it may be contained 3
times in it or not; faying 3 times 1 is 3 which is found 1n 5‘;

I an
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- and there will remain 2 ; again three times 8 is 24, which is
found in 26 (for the 2 before remaining being fuppofed to ftand
before the 6 in the Dividual, makes 26) and there will remain
2. Lattly, 3 times 4 is 12, which is likewife found in 23, (for
2 remaining in the 26 being fuppofed to ftand before the 3 in
the Dividual makes 23); therefore the Divifor 184 is contained
3 timesin the Dividual 563 ; write 3in the Quotient, and pro-
ceeding according to Art, gb. multiply the _
Divifor 184 by 3 (the figure placed in the 184) 56304 (3
Quotient) fo the produ& is 552, which fub- -

fcribe orderly under the Dividual 563; then 552
having drawn a line under the faid product, - ~
fubtraét it from the Dividual, and fubfcribe the 1L

remainder, which is 11 under the line,

Again, according to Art. 97. bring down e, which ftands in
the next place of the Dividend, to the remainder 11, fo there
is 110 for a new Dividual ; then demanding how often the Di-
vifor 184 is found in the Dividual 110, and not finding it once
Contained in it, write o in the Quotient (which is to be done as
often as the queftion is anfwered by nothing ); now becaufe
the produ&t arifing from the Multiplication of the Divifor by o,
{ the cypher laft placed in the Quotient )

Amounts to o, the Dividual 110, out of 184) 56304 (306

which that produ@ thould be fubtracted, 5 &
remains the fame without alteration 3 ——
therefore, after a point is fubferibed under 1104
4, the following place of the Dividend, 1104
annex 4 to the laft Dividual 1 10, fo there :

will be a new Dividual, to wit, 1 104 5 and o

here the queftion at large is, to know how -
often 184 is found in 1104; but to leflen the trial, becaufe the
Dividual confifts of one place more than is in the Divifor, it
muft be afked how often the firft figure of the Divifor, on the
left-hand, is contained in the two foremoft places of the Divi-
dual, towards the left-hand, viz. demand how often t is cone
tained in 11, and altho’ it may be had 11 times, yet never be-
gin the tria) above g times, fee Note 2. Ars. 93. therefore make
trial with g, faying, g times 1 s 9> Which is found in 11, and there
will remain 25 but then g times 8, which is 724 cannot be found
in 20 (20, becaufe the 2 remaining being fuppofed to ftand before o
in the Dividual makes 20, ) therefore make trial with 8, faying, 8
times 1 is 8, which is found in 11, and there will remain 3 ;
but then 8 times 8 cannot be had in 30 (30, becaufe the 3 re-
maining being fuppofed to ftand before the o or cypher makes
30) s therefore make trial with 7, faying, 7 times 1 1s 7, which
K i
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Is found in 11, and there will remain 4; but then 7 times 8
cannot be had .in 40 ; therefore make trial with 6, faying, 6
times 1 is 6, which is found in 11, and there will remain 53
then 6 times 8 is 48, which is found in 50, and there will re-
main 2 ; therefore the Divifor 184 is contained 6 times-in the
Dividual 1104 : Wherefore write 6 in the Quotient, and pro-
ceeding according to Art. g6. multiply the Divifor 184 by 6
(the figure laft placed in the Quotient) fo the produét is 1104,
which being fubferibed under, and fubtraéted from the Dividual
1104, the remainder is o; therefore the Quotient fought is

00. .
g 104. If the figure afflumed for the Quotient holds good upon
trial, as aforefaid, by two or three of the foremoft places of
the Dividual, it will for the moft part hold throughout the
Dividual ; but this muft be a perpetual rule, that whenfoever
. the produét of the Multiplicaticn of the Divifor, by the figure
placed in the Quotient, happens to be greater than the Dividual, |
from which it ought to be fubtradted, fucn produét muft be
ftruck out of the Work, and a leffer figure is to be placed in
the Quotient,

‘For a fecond Example, Let it be required to divide 15114220
by 2¢87, or into 2987 equal parts.

Firft, the Divifor 2987 being greater than 1511, (to wit, the
four foremoft places of the Dividend) fet a point under 4, there-
by fetting apart 15114 for a Dividual; then, becaufe the Divi-
dual coniifls of one place more than the
Divifor, afk how often 2 (the firft figure 2987) 15114220 (35
of the Divifor towards the left hand) is : '

contained in 15, (the two foremoft pla- 14035
ces of the Dividual) and finding the an-
fwer to be 7 times, infer thence that the 179
Divifor Egg;r cannot be contained more

than 7 times in the Dividual 15114 ; but whether it will be
contained 7 times in it or not, examination muft be made, cither
by multiplying 2987 by 7 (in fome bye-place) and comparing
the product with the Dividual 15114 ; or elle by the manner of
trial before delivered in the laft Example: So at length it will
be difcovered, that the Divifor 2987 will not be found above g
times in the Dividual 15114 ; wherefore (according to Arz. 96.)
writing 5 in the Quotient, and multiplying 2987 by 5, fub-
fcribe the product of that Multiplication, which is 14935, under
the Dividual 15114 ; then drawing a line under the faid produét,
and fubtracting it from the Dividual 15114, fubfcribe the re-
mainder Iyq under the line, |

" Againg
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 Again, (according to Art. g7.) bring down 2, the next place
nf';hgeg[};wde:nd, to the faid remainder }

' 170, fo the new Dividual will be 2987 ) 15114220 (50

1792 ; that done, afking how often -

the Divifor 2987 is contained in the 14935
Dividual 1792, and not finding it
once contained in it, write o in the 1792

Quotient ; and here, becaufe the Que-
ftion is anfwered by o, the next place of the Dividend, to wit
2, is to be brought down to the Dividual 1792, (o the new Di-
- vidual is 17922. Then renewing the
queftion, and proceeding as before, at
length the Divifion being finifhed, the
Quotient will be found 5060 exaétly, 14935
without any remainder; but if any

2987) 15114220 (5060

remainder had happened, after the s

Subtrattion of the laft produ&, it i g
- muft have been profecuted according

to Art 101. ok

_In like manner, if 1208939550 be divided by 19999, or into
19999 equal parts, the Quotient, or one of thofe equal parts,
will be found 60450, and the Work will ftand as you fee here.
ijg This latter method of Divifion

S to be preferred before any of 16999)1208939550 (60450
the ways of dividing, by dafth- ; =3/ {

ing out figures, where the fteps 119994 -

of the Divifion are fo confound-

ed (befides the burden upon the 89995
memory, by a promifcuous Mul- 7G9g6
tiplication and Subtra&ion) that —

if any error happen it can hardly 99995
be correCted without beginning 99995
the Work a-new: But in the

way before explained, the par- QO

ticular Multiplications, Subtrac-
. tions, and Remainders, which belong to every figure of the
Quotient, are fo diftin@ly and clearly exprefs’d, that if an error
‘happen, the Work may eafily be reformed.
~_105. So often as the queftion is required in Divifion, fo
many places there muft be in the Quotient, (which may be dif- -
covered by the number of points placed under the Dividend)
and {o many times is one and the fame kind of operation re-
peated, the fubftance whereof is contained in the Verfe before-
| mentioned in Art, 99,
3 106.
E 2
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106. When the Divifor confifts of 1 or an unit in the ex-
treme place towards the left-hand, and nothing but cyphers to-
.wards the right, the Divifion is performed by cutting off, with
a line, fo many places of the Dividend towards the right-hand,
as the Divifor has cyphers; fo the figures which ftand on the
left-hand of the line, give the Quotient, and thofe cut off to the
ri%ht (if they be fignificant figures) are to be proceeded with as
a furplufage or overplus remaining, according, to Arf. 101. So
if 4720/, were given to be divided equal-
ly among 10 petfons, the fhare of each 10) 472l0 (472
would be 472/, alfo if the faid 4720/ 100) 47|20 (47
were to be divided equally amonz 100 1000) 4l720  ( 4
perfons, the fhare of each would be 47 /.
and there would be a furplufage or remainder of 20/. to be alfo
fubdivided among them, after the faid 20 L are converted imto
thillings, according to Art. 119. Latftly, if the faid 4720 1.4
were to be divided among roco perfons, the fhare of each
would be 4/. and there would be a remainder of &20 /. to be
alfo divided as aforefaid, See the form of the Work in the
margln.

107. When the Divifor confifts of any fignificant figure or
figures in the firft or foremoft place or places, towards the left-
hand, and nothing but a cypher or cyphers towards the right,
cut off, by a line, fo many places of the Dividend towards the
right-hand, as the Divifor has cyphers towards the right ; then
divide the figures of the Dividend, which ftand on the left-
hand of the line, by the figures in the Divifor which remain,
when the {aid cypher or cyphersare omitted, remembering, after
the Divifion is finithed, to write down next after the laft re-
mainder, the places of the Dividend which were firft cut off :
So if 36732 were given to be divided by 20, the Quotient will
be 1836, and there will remain 12, viz. if you cut off one
place from the Dividend towards the right-hand ( becaufe the
Divifor ends with one cypher, and then divide the
reft, to wit, 3673) by 2 (according to Art. 102.) 210)367 3|2
there will arife in the Quotient 1836, and the  1836:12
laft remainder after fuch Divifion is finifhed,
will be 1, to which if 2 (the figure firft cut off from the Di-
vidend ) be annexed, the total remainder is 12,

In like manner, if 7456787 were given to be divided by
304000, the Quotient will be 24, and there will remain 160787 3
viz. if you cut off 3 places from the Dividend towards the:
right-hand (3 places, becaufe the Divifor ends with 3 cyphers) |
and then divide 7456 by 304, there will arife in the Quotient |

24
4



Chap. VI. Of Whole Numbers. 53

24, and the laft remainder, after fuch
D?irfﬁon is finithed, will be 160, to 3"4‘00‘:')?45{?!?3?(14

which if 787 (,the places firft cut off 608
from the Dividend) be annexed, the p—
total remainder or furplufage is 13?6
160787, which is to be proceeded Lo
with, as in Art. 101, 1060787

108. If it be required to divide by a number confifting of
nines, viz. 9, 99, 999, 9999, e, it may be performed by
Addition, on the fame principles as the multiplying thofe num-
bers was done by Subtra&ion, in Ars, 70. as follows.

Divide the given Dividend into perieds, of fo many places of
figuresas there are nines in the Divifor, beginning from the left-
hand, and annex as many cyphers, to the right-hand of the
number, as may be wanted to compleat a period.

‘Then write the figures of the left-hand period under thofe
of the fecond period, or that which is next thereto toward the
right-hand ; add thefe two together, and place their fum under
the third period; obferving if the fum of the two figures in
the higheft place exceed g, to place the figure that would (in
common Addition ) be carried, under the loweft place of the fe-
cond period ; add the third period to thofe figures which ftand
under it, including the carried figure, and place them under the
fourth period ; and fo proceed, til] you have placed figures under
the right-hand period, and under them place fuch a figure, as
would have been to be there placed, had the Work been to have
proceeded a period farther,

Add the whole together ; and, beginning at the right-hand,
cancel as many figures as there were c yphers annexed to the Di-
vidend ; thes, from the figures that remain, cut off with a
comma, from the right-hand towards the left, as many figures as
the Divifor contained nines; fo fhall the figures, to the left-
hand of the comma, be the Quotient ; and thofe to the right-
hand thereof the remainder,

Nate, If the remainder be all nines, add 1 to the Quotient,

Examp. 1. Let it be required to divide 571665762 by ggq?

The Dividend will make juft 3 periods 571.665.762
The firft period wrote under the fecond 571
The fum of 665 and 571 will be 1.236

I
* Under the laft place is fet 1, becaufe  572237,999

if 762 and 1236 were to have been added together, the 1 would
have been fo pluced ; then, by adding the whole, the fum will
be 5‘17223;-9@9 5 and three figures being cut off, from the right-
band, will EIVE 572237,999, that is, 572237 for the Quotient,
ard 999 for the remainder; but fince the jemainder is equal to

| O the
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the Divifor, the Qyntlent increafed by 1, wz. 572238 will be
the anlwer,
To prove this Work, let 5% 38 be multiplied by ggg, ac-
cording to Art. 79. See the Work,
572238000
572238
571665762 Produét.
Where it is evident that the ﬁguIEs {fubtracted are the fame with
the fum of thofe added, except in the unit’s.place.
Nste, The above prucefs will take up lefs room, if the car-
ried figures be wrote in a line by themfelves, as follows:
571.665.762
571.236
Ty E

572237,999
Examp. 2 Dmdc 2?166}5; 6279 by 9997

The number with a cypher annex’d = 571. .665.762.790
gl 571.236.998
£ g g
After the operation there arifes the number 572 238 000 790
From which cancel the right-hand figure,
becaufe a cypher was added to the Di- ¢ §72238c0079
vidend, and it will be
And this being properly feparated gives
57223800 for the Quotient, and 79 for 57222800,079

the remainder

Proof : 57223800000

| 57223800
To 57223800 X 999 = 57166576200
Add the remainder : 79
The fum makes the Dividend 5?1555?62?9

Examp. 3. Divide 5}'1366815’3 by ggg?
The number with two cyphers annex’d  571.066.815.300

571.637.452
O
From the operation arifes 571 638 453 753
And cancelling 2 figures 5716 384537
Which properly feparated will be 5716384.537
viz. 5710384 for the Quotient, and 537 for the remainder.
Proof 5716384000
5716384

To 5716384 X 999 = 5710007616
Add the remainder 537
The fum is the Dividend - 5}-1{:6631 f‘z

109.
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109. If it be required to divide by a number confifting of any
Digit repeated, wiz. 11, 111, 1111, &, or 22,222, 2222, e,

. or 33, 333, 3333, Ye. divide the given Dividend by the Digit

- which repeatsin the Divifor, and multiply the Quotient by

~ nine; then divide the product by gg, 999, 9999, e, as in

"

Art, 108, and the refult will be the Quotient required,
Examp. Let it be required to divide 202464 by 444}

. 4)202464

50616 = the Quote of 202 404 divided by the repeatingDigit,
9

455544 = the Produd of 50616 by 9.
455
455,999 or 456, the Quotient required, by A4rt. 108.

110. Divifion and Multiplication interchangeably prove one
another ; for in Divilion if you multiply the Divifor by the
Quotient, the product will be equal to the Dividend : So in the
Exampleof Art. 103. if 184 the Divifor be multiplied by 306 the
Quotient, the product is 56304, which is the fame with the
Dividend ; but when, after the whole Divifion is finithed, an
figures remain of the laft Subtradtion, add them likewife to the
product: So in the lat Example of Art, 107. the Divifor
304000, being multiplied by the Quotient 24, produces 7296000,
unto which if you add the number remaining, to wit, 160787,
the fum is 7456787, which is.the fame with the Dividend.
Again, in Multiplication, if the produét be divided by the Mul-

 tiplier, the Quotient will give you the Multiplicand, or if the

product be divided by the Multiplicand, the Quotient will give
you the Multiplier: So in the firfk Example of Art. 7o,
if the product 111024 be divided by the Multiplicand 3084,
the Quoticnt gives the Multiplier 36.

111. There is allo a common Proof of Multiplication ar-
‘gued from the Multiplicand, the Multiplier and the Produ&;
by cafting away nines ; but by that way of proof (though right-
ly ufed ) a falfe product will be affirmed to be true: Example,
If 3462 be multiplied by 786, the true produ& is 27211323
butif I fay, 4953132 or 3153132 is the produé&t (or many
others which may be given) tie proof by nines will confirm
them to be true products, though they are falfe, as will be evi-
dent to fuch as know the Rule, which is mentioned here, onl
to fet a brand upon it, that it may be avoided by all lovers
of truth,

112. Anather proof of Divifion is, by adding together thofe
_lines which, in the fullowing Example, are marked with Afte-

B4 i rifms
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rifms ( being the particular produés of the Divifor, multiplied
feverally by each figure in the Quotient, together with the re-
‘mainder of the Divifion) the total of which (if right) will be
the Dividend.,
236) 863256 (1172
sl i [
1272
736%
5365
5152%
+ 2130
1472%
. 664*
863256 Proof.

113. When a whole number is given to be divided by a Di-
vifor, which is equal to the produét of the Multiplication of
two fingle figures; inftead of dividing by that Divifor, you may
firft divide by ane of thofe fingle figures, and then divide the
Quotient by the other ; fo will the laft Quotient be the fame, as
if the Divifion had been finifhed by the Divifor firft givent
Thus, if 3456 be given to be divided by 48 = 6 x 8, divide
firft by 8, the Quotient will be 432 ; and then divide that Quo-
tient (432) by 6, and the 1efult 72 is the fame as will arife by
dividing 3456 by 48. |

114. To divide Numbers of divers denominations : For Ex-

ample, to divide 12/, 125, 6d. into 5 parts, the Work may
ftand as below : : :

f)mgetige.
2 BREE e JRAl -

And the operation is performed in the following mannes :
Say the fives in 12, twice, and there remain 2, which are
two pounds (for the remainder is always of the fame name with
the Dividend) or 40 fhillings, and y2s. in the fhillings place,
make 52 fhillings; now the fives in 52, ten times, and there
remain 2, which are two fhillings or 24 pence, to which ad-

ding the 64, in the place of pence, make 30 penge ; then the
fives in 30 fix times,

A -Q,“fﬁfm whofe Solution requires the ufe of the four pre-
' : ceding' Rules, :
A father left among five fons an eftate, confifting of 500/,
in Cath, with 5 bills cach of 48/, 105 64. he ordered 20 /.
to be beftowed upon his burial, and his debts to be paid, amount-

ing
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ing to 164/, then his free eftate to be divided in this manner,
@iz, the eldeft fon to have the third part, and the other four
fons to have equal fhares: What is the fhare of each fon?
Anfw. 1861, 45. 2d. to the eldeft, and 93/. 2s. 1d. to cach
of the reft.  See the operation. '
48 . 10 . 6 the value of each bill,
5 bills.

242 . 12 . O toral of the bills,
500 . o . o cafh,

742 . 12 . O total,
184 . o . o dedufled, viz. 20 + 164,

T3)558 . 12 . 6 free eftate,
186 . 4 . 2 eldeft fon’s fhare,

" 4)372 . 8 . 4 remains,
93 . 2 . I thefhare of each of the other 4 fons.

CHAP. VIL

REDUCTION,

115. \Orafmuch as in Money there are diverfities of kinds,

viz. in England, pounds, fhillings, pence, and far-
things ; alfo diverfe kinds of Weights, Meafures, &c. as has
been fully declared in the fecond Chapter ; and becaule it is often
required to find how many pieces of one kind of Money are
_e:}l.]al in value to a given number of another, (and fo likewife
of Weights, Meafures, &¢.) it is requifite in this place to thew
how that is performed, fince thereby the Rules of Multiplica-
tion and Divifion before delivered will be exercifed. This
kind of operation is called Redultion.

116, Reduétion is either defcending or alcending.

117. Reduftion defcending, is, when fome number of in-
tegers of a greater denomination being given, it is required
to find how miny integers of a lefler denomination are equal |
in value to that given number of the greater ; As when it is de-
manded to find how many fhillings are contained in 30/
Likewife how many pence in 320 s or how many hours in
365 days, &,

" 118. Redudlion afcending is, when {ome number of inte-
gers of a lefler denomination being given, it is required to find
: ' how
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how many integers of a greater donomination are equal in va-
lue to that given number of the lefler: As when it is propofed
to find how many pence are contained in 500 farthings ; like-
wife how many thillings in 348 peiice ; or how many days in
864 hours, &,

119. Reduition defcending is performed by Multiplication ;
for if the given number of integers of a greater denomination,
. be multiplied by a number which exprefles how many integers
of the lefler are equal to one of the integers given, the produ&
Is the number of integers of the lefler denomination required.

So 230/ of Englip money will be re-
duced into 46005, for if 230 be multiplied
by 20, (the number of fhiliings which are
equal to 1 pound) the produét is 46003 in
hike manner 46005, will be. reduced into
55200d. for if 4600 be multiplied by 12
(the number of pence contained in 1 fhilling) 55200 Pence.
the produét is 55200. Alfo 55200 pence be- 4
ing multiplied by 4 (becaufe 4 farthings make 220800 Farth,
a2 penny) are reduced into 220800 farthings,

as by the operation in the margin is evident. 31-5 Ounces.
| 5 |

The like method is to be obferved in 6goo PennyW.
Weights, Meafures, &%. So 345 ounces _ g4
Zroy are reduced into 6goo penny-weights, 776
and 69oo penny-weights, to 165600 grains, 138
?Eseby the operation in the margin you may s Gy
Note, By this Rule the learner is furnifhed with fkill to re-
folve that cafe in Divifion, when the Dividend is lefs than the
Divifor, Egample, Let it be required to divide 7 pounds of
£Lnglifh money, equally among 8 perfons ; here it is evident that
the Dividend 7 is lefs than the Divifor § ; that is, the number of
pounds is lefs than the number of perfons, and confequently each
fhare muft be lefs than a pound: So that in effedt it is required
to find how many fhillings and pence belong to every perfon for
his fhare: Firft, therefore, reduce the 7 pounds into fhillings,
which will be 140, thefe divided by 8 give 17thillings to each
perfon, and there will yet be a remainder of 4 fhillings to be
alfo equally divided into 8 parts; but thefe 4 fhillings muft be
firft reduced into pence, which will be 48, then dividing 48 by
8, the Quotient will give 6 pence more to every perfon: Sa
at laft it appears that if 7 pounds of Ewgli/b money be equally
divided into 8 parts, the entire Quotient (or one of the equal
thares ) will be 17 fhillings and 6 pence. g -
n

2 30 Pounds,
20

4600 Shillings,
12
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In like manner, if 354 pounds of Engli/b money be given to

be divided equally amongft 125 perfons, the fhare of each will

be found to be 2 pounds 16 fhillings 7 pence 2 farthings and

fomewhat more, but the parts of a farthing being of no mo-

‘ment (and not properly to be handled in this place) are neg-

leéted. ,

Compare thefe two Examples with the Example, Art. 101.

- 120. In Reduftion delcending, the learner may receive belp

by the fubfequent T'ables. ;

1. EncLisH MonNEy.

Pounds 2 (207 [ Shillings,
- 131 = 1§

Shillings g 12 ?"% 2 Pence.
PR & hageh ]

Pence | R L 4)  Farthings,

2. TrRoy-WEIGHT,

Pounds N8 r12]  [Ounces.
i A

Ounces ?"ﬁ:‘i 20 ?"ﬁ Penny-weights,

, | § L -
Penny-weights  J = L24) | Grains,

Alfo in APoTHECARIES-WEIGHTS,
Ounces-Trey 1217 8) (Drams.

o3 g
Drams PRAT ?"‘E'( Scruples.
ey Pt | 30 E AU
Scruples J< L20) UGrains.

3. Of AvORDUPOISE-WEIGHTS,

Hundred Weights Y R ¢ 47 » [ Quarters.
Quarters } e { 28 (3 ) Pounds.
Pounds = ) 16 ( R ) Ounces.
Ounces S L16)™ UDrams,

4. Of Liquip MEASUREs,

Hogfbeads ? 2 (63 & [ Gallons.
Gallms L& 2.8 D Pottles.
Pottles S:E g3 ,Q‘mﬂ:. :
Duarts ~ 22 v L Pints,

oF
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5. Of DrRyMEAsuRrEs,

Dyariers =~ 8 Bufbels,
Bufbels :: 4 | » | Pecks.
Pecks = )2 = ) Gallons,
Gallons =) 2 (£ ) Pottles,
Pottles %’ 2 ™ Quarts,
Ruarts 2 Pints,

6. Of Lonc MEAsure.
Englih Miles S 87 [ Furlongs,
Furlongs {3 |220] § | Yards,
Yards =% Sbr, r"g Feet,
Feet VS |2 | & | Fuckes.
Inches ¢ E 12 .j L Barley-corus,

_ ALso,
Yards, or Els 2C 4 } s %%mrirr.r.
= 3

Duarters %g { 4 da {Nails.

7. Of SuPErRFiciaL MEasures of Lano,

Acres } 2 4 )3 ( Roods.
~— 3

Roods, :\3‘, {4{) };1:“ {Pfrr.f?r:, or Poles,
8. Of Time,

Wecks 2C 7 9 & € Days,

Days 3 % 24 }"g Hours.

Hours, = (60 da. U Minutes.

121. Integers of feveral denominations may be reduced into
the leaft of thofe denominations, according to Art, 120. by
dzfcending orderly to the next inferior denomination ; and ad-

ding to each product fuch integers, (if there be any) as are of
the {ame name. ;

e _
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sl o gt

So 12 pounds 13 fhillings and 10 pence 1250835510
may be reduced into 3040 pence, in this 20
manner, viz. 12 pounds multiplied by 20 240

(becaufe 20 fhillings make 1 pound) pro- 44 13
duce 240 fhillings, to which adding 173 253 Shillings
fhillings, the fum is 253 fhillings, Again, &-

253 thillings multiplied by 12 (becaufe 1 ‘2
fhilling is equal to 12 pence,) produce 5 ¢
3036 pence, to which, if 10 pence be ad- 253
- ded, the fum is 3046 pence, as by the ope- 3030
zation in the Margin is manifeft. add 10
3046 Pence.

But after that general method is well underftood, the Work
of the laft Example, and fuch like, may be contra&ed thus, viz.
To convert 12 pounds 13 thillings and 10

pence, all into pence : Firft, 12 multi- AT AT

plied by o (which ftands in the unit’s I12. 13. 10

place of 20) produces o, but inftead of o 20

write down 3 under the line (to wit, the 253 Shillings.
that ftands in the unit’s place of the 13 12

illings in the fum propofed :) Then pro-

ceed to multiply 12 by 2, fayingtwice 2 1535
is 4, to which adding 1 (fortheten in the 5 "
faid 13 fhillings) it makes 5, which feton 3040 fence,

the left-hand of 3 before-written : Laftly,
twice 1 is 2, which fet on the left hand of 5; and fo 12 pounds
13 thillings, are converted into 253 fhillings.

It remains to multiply the faid 253 by 12 (becaufe 12 pence
make one fhilling) and to add 10 to the produét, which may be
done thus: Firft, twice 3 is 6, to which adding 10 (to wit, 10
pence in the fum firft propounded,) it makes 16 ; wherefore
(according to the Rule of Multiplication) (et 6 under the line,
and keep 1 in mind : Again, twice § with 1 in mind making
11, write down 1, and keep 1 in mind ; likewife twice 2 and 1
in mind making 5, write down 5: Then 253 multiplied by 1
making 253, which fet orderly under 516 : Laflly, thofe two
products added together make 3046, which is the number of
pence contained in 12 /. 134, 104d. as before was found out by
the general method.

S0 35 ounces 16 penny-weights and 12 grains Ty will be
reduced into 17196 grains.

122, Redulfiion afcending is performed by Divifion ; for if the
number of integers given, be divided by fuch 2 number Uif‘ the

ame
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fame integers, as are equal to one of the integers required, the
Quotient is the number of integers fought for.

So 220800 farthings being divided by 4 (the number of far-
things in a penny,) give 55200 pence, in the Quotient: In like |
manner, if 55200 pence be divided by 12 (the number of pence
in a fhilling) the Quotient is 4600 fhillings. Laftly, 4600
thillings being divided by 20 (becaufe 205. make a pound Ster-
ling) the Quotient is 230 pounds Sterling, which are equal te
220800 farthings firft given. The operation is as follows:

4) 220800

12) 55200

2_]0) 460|0
230 L.

In like manner, 34268 grains 77oy will be reduced to 5 pounds
Il ounceslz penny-weights and 20 grains.
i

123. This kind of Reduf?ion may be made the eafier to the
learner by the following Tables.

1. Of ENGgLIsH MonEgy.

Farthings C 4 3y o ¢ Pence.
 Pence 8 {12 ‘%, 3 Shillings.
Shillings Q €20 Pounds.

2. Of Troy-Wgicnur.
Grains 2 242 ~  Penny-weights.
Penny-weights S % 20 5.8 {OH?IEH.
Ounces Q Izs i Pounds-Troy,

Alfo in APOTHECARIES-WEIGHTS.

Grains 020 ) K Scruples.
Scrisples - tia E’% Draims.
Drams Ql 8 Ounces-Tray.
3. Of AvoirRDUPOISE-WEIGHTS.
Drams = ¢ 16 " Ounces.
Ounces ~ )16 (.3 JPounds.
Pounds 328 ( 0 )Quarters of Hund.
Quarters QL 4 Hundred TWeights.

I 4 Of
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4, Of Liquip MeasurEs.

Pints BC 2 Quarts.
Ouarts e I Pottles.
Pottles S ) 2 (%) Gallons.

- Gallens q €63 Hog fheads.

5. Of Dry MEASURES.

U

Pints 2 Duarts,
Quarts 73\ 2 g Pottles.
Potiles _ E 2 \ 8 ) Gallms.
Gallons 'Sy 2 | S0 Pecks.
Pecks Q7 4 l lBs.ﬂ)ff_r,
Bufhels '8 Quartersa
6. Of Long MEASURES.
Barley-corns " a0 37 [Inches.
Tuches e DI S T A
Feet rS 9 3 g Tards,
Yards | .8 | 220 | Furlmgs.
Furlengs J QU8 J  Englip Mies.

: AvLso, :
Nails BC 4 ). CQuarters of Yards.
Ouarters }.;; { 4 }E {Hra’s.

Quarters g L “CEls Englipp.,

7. Of SuPpERFIc1AL MEASURES of LAND.

Perches, or Poles %é‘;‘ {40 } < §Raads, or Quarters

o Eu of Acres,
Roads glis o g Aaes.
8. Of TiME.
Minutes B (60 ) « C Hors.
Hours 5924 }ag Days.
Days T G Weeks,

Nute, That if after Divifion is finithed, in Reduétion a-’[’cénd.-
ing, there be any remainder, it 1s of the fame denomination

- with the Dividend,

" Note alfo, That Redu&ion defcending and afcending mutual-
~ ly prove one another, by inverting the queftion ; for as in .56
pounds Sterling, there will be found 53760 farthings by Re-
duéion defcending: So for proof thereof 53760 farthings will

be reduced to 56 pounds, by Reduétion afcending.
| 124,
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124. Queftions to exercife Reduction.

1. In 257 /. how many fhillings ! ery'w. 5i40.

2. In 3076 L how miany fhillings ! Arfw. 61520.

3. In go2 5. how many pence? Anfw. 10824.

4. In 2199s. how many farthings ? Anfw. 104592.

5. In 49/ 135. 7d. how many pence ! Anfw. 11923

6. In 2053/ 14s. gd. 2f. how many farthings ? Anfivis
X9715G0. . |

7. In 354 /b. of Trey-weight, how many grains of Gold-
fmith’s weight ! Anfiw. 2039040.

8. In 300 Englifh miles, how many yards? Anfw, 528000.

9. In 1 Englyh mile, how many barley cornslength? Anfw,
190080,

91-::'. In 560 acres, how many perches? Anfw. 8gboo.

11. In 225 acres, 3 roods, and 30 perches, how many
perches ! Arfw. 36150.

12. In 11923 pence, how many pounds ? Anfw. 49/, 13 s

d.
¢ 13 13 5764684 farthings, how many pounds ? Anfw. 6004/,
LR

?14. ?Iu 234678 perches, how many acres? Anfw. 1466 acres,
2 roods, 38 perches,

15. In 525960 minutes of an hour, how many days? Anfw,
365 days and 6 hours, (or one year very near. )

16. In 10080 pints, how many hogtheads? Aufw. 20.

17. In 24678 grains of Apothecaries wéight, how man
ounces Zroy £ Anfw. 52 ounces, 1 dram, 2 fcruples, and 18

rains,
5 18. In 106735 pints of wheat, how many quarters ! Anfw.
208 quarters, 3 bufhels, 2 pecks, 1 gallon, 1 pottle, 1 quarty
I pint,

plg. In 3969301 barley-corns length, how many miles?
Anfw. 20 miles, 7 furlongs, 12 yards, 2 feet, 4 inches, and 1
barley-corn’s length.

20. In 1goo8co barley-corns length, how many miles?
Anfw. 10.

21. In 24 C. weight 3 quarters, 26/, how many pounds
Avoirdupoeife ! Anfw. 2798, :

Note, Hundred weights, Quarters and Pounds; may be fpees
dily reduced into pounds, thus: Set down the Hundred weights
four feveral times in the form following, and take in the odd
weight.

24, Gk
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C:. igrs.
245 3 . 26
24

24

24

110 odd weight.

Anfw. 2798 pounds, as above,

22. In 12 crowns, how many fhillings and pence ? Anfuw.
60 s. and 7204d.

23. In 50 half-crowns, how many pence and farthings?
Anfw. 15004. and 6990{.

24. In 306 crowns, how many half-crowns and pence ?
Anfw. 612 half crowns, and 18360 pence.

25. How many fhillings and pence are in 17 guineas ? Anfiv.
- 357 thillings, and 4284 pence,

26. How many crowns and fix-pences are in 28/, 2 Anfw,
112 crowns, and 1120 fix-pences,

27. In 60co farthings, how many pence and half-crowns ?
Anfw. 1500 pence, and 50 half-crowns,

28. In 18360 pence, how many half-crowns and crowns ?
Anfw. 612 half crowns, and 306 crowns,

29. How many fhillings and guineas are in 4284 pence ?
Anfw. 357 thillings and 17 guineas. ;

30. How many crowns and pounds are in 1120 fix-pences ?
Anjw. 112 crowns, and 28 pounds.

31. In 30 chalders of coals, each 36 bufhels, how many
pecks ! Anfw, 4320.

32. If a piece of ground contains 24 acres, and an inclo-
fure (of 17 acres 3 roods) be taken out of it, how many perches
are there 1n the remainder ? Anfw. 1000.

33- I have a bank note of 20/, a note of hand for 6 /. 10+.
and, in feveral coins, as follow: In copper, 13 farthings, and
45 half-pence ; in filver, 25 two-pences, 36 three-pences, 56
groats, 66 fix-pences, 67 fhillings, g7 half-crowns, 126 crowns
in gold, 25 quarter-guineas, 65 half-guineas, 77 guineas, and
34 moidgres: I would know what [ am worth ? Anfw. 245 1,
05 214,

F w0 OH AR
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C H: AP VI
Of the RuLE of THREE DIRECT.

325, HE Rule of Three is fo called, becaufe by three

numbers known or given, it teaches to find a fourth,
unknown ; it is alfo called the Golden Rule, for the excellency
thereof : Laftly, it is called the Rule of Proportion, for the rea-
fon hereafter declared.

126, The Rule of Three is either fingle or Compound.

127. The Single Rule is, when three terms or numbers are
propofed, and a fourth proportional to them is demanded.

128. Four numbers are faid to be proportionals, when the
firft contains the fecond, or is contained by the (econd, in the
fame mannerasthe third contains the fourth, or is contained by
the fourth. So thofe four numbers are faid to be proportionals, 8,
4, 12, 63 for as 8 contains 4 twice, {o does 12 contain 6 twice,
and therefore 8 is faid to have fuch proportion to 4, as 12 hasto
6 ; likewife thefe are proportionals, 4, 5, 6, 12. Foras4is
the half of 8, fo is 6 the half of 12 and therefore 4 is faid to
have fuch proportion to 8, as 6 bas to 12.

129. The terms or numbers of the Rule ¢f Three (to wit the
three numbers given, and the fourth fought) confift of two
different denominations, viz. two of the three given terms
have one name, and the other given term with the term re-
quired have another : So this queftion being demanded, if four
ftudents fpend 19 pounds in certain months, how much money
will ferve 8 ftudents for the fame time, and at the fame rate of
expence ? Here fludents and pounds are the two denominations
of the terms in the queftion, viz. 4 and § (being two of the terms
propofed) have the denomination of ftudents, and 1g the other
term given, together with the term required, have the denomi-
nation of pounds.

130. In the Rule of Three, two of the three given terms im-
ply a fuppofition, and the third moves a queftion : So in the
afore-mentioned queftion a fuppofition is made, that 4 ftudents
fpend 19 pounds, and a queftion is moved with the number 8,
to wit, how many pounds will 8 ftudents {pend ?

131. In the Rule of Three, the numbers given muft be fo
ranked, that the known number or term upon which the que-
flion is afked, may poflefs the third place ; alfo of the other two,

¢hat which has the fame denomination with the third, muit be
in
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in the firft place: Laftly, the other known term, which is of
the fame denomination with the fourth term fought, (or anfwer
of the queftion) muft poffefs the fecond place : Soin the queftion
before-mentioned, the terms 4, 19, and 8, are to be thus placed,
wiz. 8 is the term upon which the queftion is moved, and
therefore to poflefs the third place in the rule ; 4 is of the fame
denomination with 8, wiz, of ftudents, and therefore to be in
the firft place: Laftly, 19 being of the fame denomination with
the term fought for, viz. of money, is to be in the fecond place :
And fo they will be placed ‘thus:

Students. Pounds. Studentss
Ifoahne TG v o 8

That is to fay, if 4 ftudents fpend 19 pounds, what will 8
ftudents fpend ! And here, for the better difcerning of the term
or number upon which the queftion is afked, you may obferve,
that for the moft part it is the known number in the queftion,
which immediatel; follow thefe or fuch like words, viz. How
many € how much 2 what will 2 how ling 2 how far, &c,

132: The Rule of Three is either Direct or Inverfe,

133. The Rule of Three Direct is, when the fenfe or tenor
of the queftion requires that the fourth number fought fhould
have fuch proportion to the fecond, as the third number has to
the firft ; fo in the aforementioned queftion, if 4 ftudents fpend
Ig pounds, how many pounds will § ftudents fpend at the fame
rate of expence? Itis evident, that the thing required is to find
a number which may have fuch proportion to 19, as 8 hasto 4 ;
that is, as 8 is the double of 4, fo ought the fourth number to
be the double of 19 ; for if 19 pounds be required to maintain
4 ftudents a certain time, as much more muft needs be required
for the maintenance of 8 ftudents the fame time ; and therefore
in this cafe, we may fay in a direét proportion, as4is to 8, fo is

19 to the number required.
~ 134. In the Direct Rule of Three, if you multiply the fe-
cond term by the third, (or which is all one) the thisd term by
the fccond, and then divide the product T h R Rl
by the firft, the Quotient will give the i SR i

fourth term or fourth proportional re- s I% i
quired. So in the queftion before pro- ——

pofed, if you multiply 1g by 8 the pro- 4)152(38 Pounds.
duét is 152, which, if you divide by 4, 3

the Quotient will give you 38, the 1%

fourth term demanded, and the Work 32

will ftand thus: 32

° :
F 2 A
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A fecond Example may be this, if 8 yards coft 9 pounds,
how much will 3 yards coft? Anfw. 3/. 75. 64.

This queftion being ftated according to Are. 131. will ftand
as here you fee ; then multiplying (as before) the {econd term g
by the third term 3, the produt is 27,
which being divided by the firft term 8, L L
the Quotient is 3 pounds, and thereisa If 8 : 9 :: 3
remainder of three pounds, which muft 3
be reduced into fixty fhillings, and after

thofe thillings are divided by 8, and the 8) 27
reft of the Work profecuted according to -
Art. 114. the entire Quotient or anfwer -

of the queftion is 3/, 7 5. 64,
A third Example, if 51 ounces of

filver plate be fold for 1 3 pounds Sterling, o alay) g
what is the price of I ounce of that If 51 : ¥3:: 1
plate ! Anfw. 5s5. 1d. and fomewhat
more. T'he operation is thus: After
the three known terms of this queftion I3
are rightly ordered, they will ftand as 20
here you fee in the Example; then i
multiplying the fecond term 13 by the 51) 260(5Shi ]1”.55

third term 1, the produét will beallo 1 3, 255
(for Multiplication by 1 makes no alte- e e
ration ;) which 13 being divided by 51, 3

after the manner of operation delivered 1a

in the Note upon Art. 119g. the entire
Quotient or anfwer of the queflion wiil

51) 60 (1 Pence,

at length be found to be 55. 14, and o
fomewhat more ;3 but the furplufage

being lefs than a farthing, is omitted as 9
ufelefs.

Example. 4. What muft be paid to a Labourer for his wages
for 27 wecks, at the rateof 4s5. for 1 week? Anfw. 5/ 8s.
After the three given terms are rightly placed they will ftand
as you fee in the Example; then multiplying the third term 27
by the fecond term 4, the productis
108, which divide by the firft term 1 ; Weeks. Shill. Weeks.

but fince Divifion by 1 makesno alter- + 1 : 4 i3 27
ation, the Quotient is zlfo 108, fo that 4
the fourth term fought is 108 Shillings, aligeiai
which being reduced to pounds, accord- 108

ing to Art. 122, gives 5/, 8. for the.
anfwer of the queftion.

135
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135. In the Rule of Three, if after the queftion is ftated ac-
cording to Art. 131. any of the three given terms be a com-
pound term confifting of diverfe denominations; as pounds,
- thillings and pence; or weeks, days, hours, &¢. fuch com-
pound term muft firft be reduced into the loweft of thofe de-
~ nominations (by Art. 121.) to the end that the three given
terms may be three fingle numbers ; alfo of thefe three fingle
numbers, the firlt and third muft always be of one and the
fame denomination : For if it happen that they exprefs things of
different names, that of the two which has the greater name (or
denomination) is to be reduced into the fame name with the
lefler (by Art. 119) Thefe preparations being obferved, the
reft of the Work is to be profecuted according to 4rt. 134.
Examp. What will 48 ounces 17 penny-weights and 20 grains
of filver-plate amount to at the rate of §s. 64. the ounce?
Anfw. 131. 85, 10d. 3f. very near.

This queftion being ftated according to Art. 131. will ftand
as you fee in the Example, to wit, if 1 ounce coft 55 64.
what will 48 ez, 17 p. wt. 20¢r, coft ! Here, becaufe the third
term is compounded of diverfe denominations, it muft be re-
duced into the loweft of thofe denominations, to wit, grains ;
fo, by Art. 121. there
will be found 23463 0%, 5. d 6%, p.aw. gr.

grains for the third term: F e N R e 20
Likewife becaufe the Lol s o T 20 '
feccond term 55 6d. is —— —— e

a compound term, whofe 20+ 66°. 977

loweft name is pence, it 24 ) 24

muift be reduced into —— -

pence (by the aforefaid 480 3928

Rule:) So there will be, 1954

found 66 pence for the e =

fecond term: Again be- 23468 Grains.

caufe the firlt term has

the name ounce, and the third term the name grain, the

firlt term 1 ounce muft be converted into 480 grains (which

are equal to 1 ounce) then will the three terms or fingle num-

bers ftand as here you fee, viz. Ii 480

grains colt 66 pence, how many pence  gr.  pence.  gr,

will 23468 grainscoft ! Now proceed- 480 : 66 :: 23468

ing according to Art. 134. there will

arife in the Quotient 3226 pence, befides a remainder of 408

pence, which being reduced to 1632 farthings, and thofe divided

by the firlt term 480, the Quotient will be 3 farthings : So

that the entire Quotient is 3226 pence, 3 farthings, and fome-
3 what
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what more ; (but the parts of a farthing being of no moment,
may be negleéted. Laftly, the faid 3226 pence being reduced
according to Art, 122. give 13/. 8 5. 104d. %ﬁf fo that 13/
18 :ii__md. 3/. and fomewhat more, will be the anfwer of the
ueftion,
3 136. For the proof of the Dires? Rule of Three, multiply
the fourth term by the firft; which done, if that produét be
equal to the produét of the fecond term multiplied by the third,
the Work is right, otherwife it is erroneous: So in the firft
Example, 38 the fourth term being multiplied by the firft term
4, the produét is 152, which is alfo the product of 19 multi-
phed by 8. But if it happen that after the fourth term, or
anfwer of the queftion, is found in the fame denomination with
the fecond term, thereis yet a remainder, fuch remainder muft
be added to the produét of the firft term, multiplied by fuch
fourth term, and then the fum muft be equal to the produck
of the fecond and third terms, (the fecond term confifting of
the fame denomination with the fourth :) Soin the laft Example
the fourth term is 3226, and there happens to be a remainder
of 408, which being added to the produét of the Multiplica-
tion of the faid 3226 by the firft term 480, gives 1548888,
which is the fame with the produt of the third term 23468
multiplied by the fecond term 66, as will appear when work’d.,
137. Queftions to exercife the Rule of Three Dired.

1. If 17 yards of cloth coft 19/ 25. 6 4. what will 35 yards
coft at that rate ? Anfw. 39/ 75. 64.

2. If 35 yards coft 39/ 7s. 6d. how many yards may be
bought at that rate for 19/, 2s. 6d. 2 Anfw. 17 yards,

3. If 35 yards coft 39 /. 7 5. 6 4. whatare 17 yards worth at
that rate ? Anfw. 19/. 25, 6 4.

4. If 17 yards be fold for 19 /. 2 5. 6 4. how many yards will
29/, 7s5. 6d. buy at that rate ? Anfw. 35 yards,

5. What muft I pay for the carriage of 17 hundred weight,
3 quarters, and 11 pound Avoirdupoife, at the rate of 7 fhil-
lings the hundred weight? Anfw. 6/, 4s. 11d. 1f.

6. If 6/. 4s. 114. 1f. be paid for the carriage of 17 hundred
weight, 3 quarters and 11 pounds, what was paid for the car-
riage of 1 pound weight ! Anfw. 3 farthings.

7. What muft I pay for 39 ounces, 7 penny-weights, and 18
grains of white plate, at the rate of 5s5. and 54, the cunce?
Anfw. 10l 135, 4d. and 3 quarters of a farthing,

8. What muft 1/. (or 20s5.) pay towards a tax, when 326 L

ﬁ}._ 8d, 1s allefled at 41/ 16 5. 24d. 3f¢ Anjw. 25 64d.
37

0. What
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9. What will the intereft of 876/ 175, 6 4. amount to for
y year, at the rate of 6/ for roo I. for the fame time? Anfw.
52/, 125 3d.

10. If 3 yards in length of Englifb Meafure be equal to 4 ells
Flemifp, how many Flemifb ells are contained in 120 yards En-

glih 2 Anfw. 160 Flemifh ells.
11, If 4 Flemifb ells in length be equal to 3 Englyh yards,
how many Englifp yards in 300 Flemifh ells? Anfw. 225 Eng=
lifh yards,

12, If 3 ellsin length of Englifhb meafure be equal to 5 Flemifh
ells, how many Flemifb ells in 120 Englifh ells? Anfw. 200
Flemifp ells,

13. If 5 Flemifb ells in length be equal to Englifb ells,
' ha:w many Englifp ells in 145 Flemifb ells? Anfw., 87 Englifl
ells, :

14. If 3 ounces of filk-weight be equal to 4 ounces of Venice
weicht, how many ounces /znice are equal to 60 ounces of filk-
weight ? Anfw. 80 ounces Venice.

15. A merchant delivered at Londm 1201. Sterling to re-
ceive 207 I, Flemifb at Am/ferdam, what was 11, Sterling valued
at in Flemifb money ? Anfio. 11 145, 64.

16. If a bill of exchange be accepted at London, for payment
of 400/, Sterling for the value delivered at Amflerdam, at 1/
135, 6d. Flemifb for 1L Sterling, how much Flemifb money was
delivered at Amflerdam 2 Anfw. 6701, Flemifb.

17. When the exchange from Anfwerp to London is at 1 1.
4s. 5d. Flemifh for 11, Sterling, how much Sterling muit I pay
at London to receive 236 L. Flemifb at Antwerp 2 Anfw. 1921,
Sterling.

18. A merchant delivered at Londm 370 1. Sterling by ex-
. change for Ruan, at 74d. Sterling for 505. Tournais 3 how
much Tournsis ought he to receive at Roan? Anfw. 60000 s.
Tournots.

19. In 370 ducats, at 4s. 2d. the ducat, how many French
crownsat bs. 2d. 2 Anfw. 250 crowns. For if 744. give I

crown, 185004, (or 370 ducats) will give 250 crowns.

20. In 516 dollars, at4s. 54, the dollar, how many oui-
neas at 1/, 1s. 6d. the piece? Anfw. 106 guineas. For if

258 d. give one guinea, 27348 4. (or 516 dollars) will give
106 guineas,

21 At a noble per week, how many months board may I
have for 50 /. £4nfw. 37 months, 2 weeks.

22, Bought a firkin of butter containing 56 /b. for 185 84d.
what is that per pound? Anfw. 4 d.

"F4 _ 23. U
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23. If a yard of Cambrick coft 12 s. what coft 4 pieces, each
20 yards ! Anfw. 48 /. '

24. If a gallon of beer coft 44, what cofts a barrel ! Anfw.
1235,

25. How much muft T pay for the carriage of 10 1 C. wt.
at the rate of 1d. per /b? Anfw. 41. 18 5.

26. The cloathing of a regiment of 740 men comes to 3000/.
how much is that for each man? Anfw. 41. 15. od. 3f.

27. If a bufhel of coals coft 104. how many chalders for
100/. 2 Anfw. 66 chalders, and 24 bufhels.

28. If a man’s yearly income be 300/, what is it per day?
Anfw. 16s. 5d. 1325 1.

29. What coft 49392 cafle-knives at 4s. 44d. per dozen ?
Anfw, 8g1l. 16s.

30. At 354, per Ib. what comes 30 C. weight 3 quarters
25 {b. of cheefe to ! Anfw. 50l 115, gLd.

31. What is cheefe per C. weight at 314, per 15. 2 Anfw. 11,
125, 84,

32. A man bought a piece of cloth for 16/. 10s. at 155. per
yard, how many yards did it contain ? Anfw. 22 yards.

33. A draper bought 4 bales of cloth, each bale containing 6
pieces, and each piece 27 yards, at 16/, 4 5. per piece, what
was the price of the whole, and what the rate per yard ! The
whole coft 388 /. 16s5. and one yard coft 125,

34. If 1C. weight of cheele colt 37s. 4d4. what is that per
.2 Anfw. 4d.

35. If a yard of cloth is worth 14s. what is the worth of g
pieces, each 19 yards? Anfw. 66/, 105,

36, Bought 12 pieces of cloth, each 12 yards, at 105, 64d.
per vard, what come thev to? Anfwer. 75l 125.

37. A debtor owing feveral perfons in all 14,1?}0 l 55 104,
compounds with, and pays them as far as his etfeéts will go,
which amount to no more than 31/, 8s. 72 4. how much do
the %rcdimrs by this compofition receive per pound? Anfw.
125. €4,

f38. If 2 oz, of filk colt 25 6d. what coft 7162 Anfw,

{ 39. If 1 ¢=. of filver coft 55. 64. what is the price of a tan-

kard that weighs 1 /6. 10 oz, 10 penny-weights, 4 grains? Anfw.

6l. 3s. ?a'. Ly

-» 40. 1f an ingot of filver weighs 36 oz, 10 p. we. what is it
“worth at 5 5. per ounce ? Anfw. gl. 25. 64.

. What will an eftate of 4000/, per annum allow a gentle-

man to fpend per day ! Awfw. 10/ 195, 2154,

42,0
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42. If a gentleman has an eftate of 245/, 105, a year how,
‘much may be fpend one day with another, to lay up 6o guineas
at the year’s end? Anfw. 1035,

- 43. A goldimith fold a tankard for 10/ 125. at the rate of
§s. 4d. per oz. what was the weight of it? Anfw. 39 oz.
15 p. wis.

44. If 115, of tobacco cofts 15d. what coft 3 hogfheads
weighing ( together ) 15C, wt, 1 quarter, 19/4.7 Anfw. 1071
18 5. gd.

4.5.9 If a pint of wine coft 10d. what cofts 3 hogfheads?
Anfw. 631,

46. It 17 C. 3 quarters, 17/b. of tobacco coft 133/ 134,
4d. what cofts 1 ¢z.? Anfw. 1d.

47. If 1C. wt. of lead cofts 155. 11 4. what coft 5 fothers?
Anfw. E? L1 15,3044,

48. If 19 dozen pair of fhoes coft 25/, 135. what cofts one
pair ! Anfw. 25, 24.

49. If the expences in houfe-keeping fix weeks amount to
g/. 3s. 6d. how long will 100/ laft at that rate? Anfw.
65 135 weeks,

50. If a dozen ells of Holland are valued at 3/ 65. how
much will 8 pieces, (each piece containing 54 ells) amount to
at the fame rate? Anfw. 118/ 165,

Gl A Petalor,

Of the INVERSE RULE of THREE.

138.T HE Rule of Three Tnverfe, is, when the fourth term
. required ought to proceed from the fecond term, ac-
cording to the fame rule or proportion that the firlt proceeds
from the third : So this queftion being propounded; if § horfes
will be maintained 12 days witha certain quantity of provender,
how many days will the fame quantity maintain 16 horfes ?
Here, as 8 is half 16, fo ought the fourth term required to be
~half 125 for if certain bufhels of provender ferve 8 horfes 12
days, 16 horfes will eat as much provender in half that time -
And therefore you cannot fay here in a dire@ proportion ( as
before in the Rule of Three Direl?) as
- 8t0 106, {0 is 12 to another number Forfes. Days. Horfes,
which ought to be in that cafe as great R G
again as 12 ; but contrarywife by an
inverted
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 anverted preportion, beginning with the laft term firft; as 16
is to 8, o is 12 to another number, which ought to be in this
cafe half 12.  And by the due obfervation of this definition to-
gether with that of the Rule of Three Direst (laid down in Art.
133.) when any queflion belonging to the fingle Rule of Three
is propofed, you may recadily difcern by which of thofe Rules
it ought to be refolved; for if the three terms given look for a
fourth in a dire proportion as they ftand ranked in the Rule,
you muft refolve the queftion by the direct Rule; contrarywife
when the proportion is inverted or turned backwards, it oeught
to be refolved by the Imverfe Rule of Threey, which here
follows,

139. In the Inverfe Rule of Three, after the three given
terms are rightly placed and reduced (if there beneed ) accord-
ing to Art. 135. multiply the firft term by the fecond, (or
which is the fame) the fecond term by the firft, and then di-
vide the product by the third term, fo the Quotient will give
vou the fourth term required, or anfwer of the queftion; thus
in the queftion premifed in the laft Arsicle, if you multiply 12
by 8, the produét is g6, which if you divide by 16, the Quo-
tient gives you 6, the fourth term required, as by the fubfequent
operation is manifeft.

HHirfes. Days. Hrfes,
SN - A 1 |
8
16) g6 (6
gb

O

140. For the more ready difcovering, whether a queftion
propounded belongs to the Rule of Three Diredl, or to the
Rule Inverfe, obferve the following dire&ions, viz. Firft, by the
fenfe and tenor of the queftion confider, whether more be re-
‘quired or lefs; that is, whether the number fought for, muft
be greater or lefs than the fecond term: Secondly, efteemin
the firft and third terms as extremes in refpect of the fecond,
this will be a general Rule; namely, when more is required,
the lefler extreme is the Divifor ; but when lefs is required, the
greater extreme is the Divifor. Laftly, the Divifor being found
out, it will be apparent whether the Rule be Dire& or In-
verfe; for when the Divifor is the firlt term, it is a Rule Di-
redt 5 but when the Divifor is the third term, the Rule is /-

2 verfe.
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werfe. Another Example of the Rule

fgg{rﬁ may be thus: If 12 Mowers do Iffi:fz: : D'” ‘24'
mow certain acres in 4 days, in what i
time will 23 MUWEI’Sd puen"f;u'n'i_l the fams 4

work? Anfw. 2 days 2 hours an
fomewhat mj; e. Hﬂre,jlr:he three known 23) 4g (2 Days.
terms being rightly placed, will ftand, as 4

you fee in the Example; and fince it is

evident that 23 men will require lefs 22

time than 12 men to finifh the fame 4 g
work, therefore (by the Rule afore-going) |
the g:eater of the two extreme numbers 23) 4% (2 Haurs:
232nd 12 muft be the Divifor ; and be- 4

caufe the Divifor 23 ftands in the third 5

place, this queftion is to be work’d by
the Rule Inverfe ; wherefore multiplying the firft term 12 by
the fecond term 4, the produét is 48, which being divided by
the third term 23, the Quotient gives 2 days, and there is a re-
mainder of 2 days, which being reduced to hours, and thofe
divided by 23, the Quotient will be 2 hours; and there is yet a
- remainder of 2 hours to be fubdivided into 23 parts if you pleafe;
- {fo that the fourth term fought, or anfwer of the queftion, is, 2
. days, 2 hours, and fomewhat more,
Again, take this for a third Example : If I lend my friend
356 pounds for 1 year and 35 days, (the year being fuppofed
| to confift of 365 days) how long time ought he to lend e
500 pounds to requite my courtefy ? Anfw. 284 days, and
fomewhat more, there being a remainder, to wit, 400, after

the Divifion is finifhed, as by the fublequent operation is
manifeft,

/i y. d. I
If 356 : Sl A e
365
add 135

multiply { ‘;‘;‘g

5lco)1424|0c(284 Days.

141. The proof of the Tuverfe Rul: of Three is this, multiply
the third term by the fourth, then if this produ& be equal to
the product of the firlt term multiplied by the fecond, the
Work is true, atherwife erroneous ; o in the Example of

Art,
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Art, 129. the produ@ of 16 and 6 is equal to the product
of § and 12. But if it happen that, after the fourth term, or
anfwer of the queftion, is found in the fame denomination with
the fecond term, there is yet a remainder, fuch remainder muft
be added to the product of the third term, multiplied by the
fourth, and then the fum muft be equal to the product of the
firlt and fecond terms (fuch fecond term being of the fame par-
ticular denomination with the fourth: ) So in the laft Example,
the fourth term is 284 days, and there remain 400 after the
divifion is finifh’d, this 400 being added to the prodult of the
Mulrtiplication of the third term 500 by the fourth term 284,
gives 142400, which is equal to the product of the firft term
256, multiplied by the fecond term 400 days,

142. Inthe Rule of Three, as well Direft as Inverfe, when
the Divifor with either of the other two given numbers may be
feverally divided by fome common meafure, without leaving any
remainder, the quotients may be taken for new terms, and pro-
ceeding in like manner as often as poflible, the operation will be
much contraéted: So if it be demanded, what 52 yards of
cloth will coft at the rate of 21/. for 14 yards; the an{wer
will be found 78 pounds in manner following.

¥ L 9.
M gy, 52
g o s

59
s R i AR T TR

In the firft rank you may obferve that the Divifor 14 and the
fecond term 21, being feverally divided by their common mea-
fure 7, the three new terms (in the fecond rank) will be 2, 3,
52. Again, in the fecond rank, the Divifor 2 and the third
term 52 being feverally divided by their common meafure 2, the
three new terms (in the third rank ) will be 1, 3, 26, Lattly,
working with thefe according to the Rule of Three Direét ;
the anfwer to the queftion, (or fourth term) will appear to
be 78.

E‘:muther Example. If 21 men can finifk 2 work in 16 days,
what time muft beallowed to 12 men for the finifhing of fuch
a work ? Anfw. 28 days.

Men, Days. Men,
21 LEnE o 121 (28 Days.
BRI L O
7, 45, SRR
In the firlt rank you may obferve, that the Divifor 12 ( for
the Rule is Inverfe,) and the firlt term 21 being feverally di&
| vide
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vided by their common meafure 3, the three new terms in the
fecond rank will be 7, 16, 4. Again, in the fecond rank, the
Divifor 4, and the fecond term 16 being feverally divided by
their common meafure 4, the three new terms in the third rank
will be 7, 4, 1. Laftly, working with thefe as the Rul of
Thbree Inverfe requires, the anfwer to the queftion (or fourth
term ) will be found 28,

143. Queftions to exercife the Rule of Three Inverfe,

1. There wasa certain Building raifed in 8 months, by 120
workmen ; but the fame being demolifhed, it is required to be
rebuilt in 2 months: How many men muft be employed about
it? Anfw. 480 men. -
2. If 28 5. will pay for the carriage of an hundred weight
150 miles, how far may 6C. wt. be carried for the fame mo-
ney ? Anfw. 25 miles. :
3. If for 5/ 5s. I have 14C. wt. carried 136 miles, how
- many miles may I have 24 C. wt, carried for the fame money ?
- Anfw. 795 miles,
4. If a footman performsa journey in 3 days, when the days
- are 16 hours long, how many days will he require of 12 hours
| long to go the fame journey in? Anfw. 4 days. |
5. How many yards of plufh is fufficient to make a cloak of
. equal magnitude with one which hath in it 4 yards of 7 quarters
. wide, when the pluth is but 3 quarters wide? Anfuw, 9% yards
- of plufh.

EE How many yards of canvas, that is ell-wide, will be fuf-
ficient to line 20 yards of Say, that is three quarters wide ?
Anfw. 12 yards,

7. If a man performs a journey in 6 days, when the day is 8
hours long ? in what time will he do it, when the day is 12
hours long? Anfw. 4 days.

8. If 1 lent my friend 100/ for 6 months (allowing the
month to be 30 days) how long ought he to lend me 1000/ to
requite my kindnefs? Anfw, 18 days.

?. If 6 mowers can mow a field in 12 days, in what time
Will 24 mowers do it? Anfw. 3 days,

'®  10. Suppofe 8co foldiers were placed in a garrifon, and their
‘provifions weré computed  fufficient for 2 months, how many
foldiers muft depart, that the provifions may ferve them §
months ! Anfw. 480 men. '

11. Admit that I lent toa friend on his occafion 100/, for 6

months, and he promifed me the like kindnefs when I defired it

but
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but when I came to requeft it, he could lend me only 75 /. the
queftion is, how long I may keep his money, to recompence
my courtefy to him ? Anfw., § months.

CHAP, X

The Double Golden Rule Direét, performed by Two
fingle Rules,

144. HE Compound Golden Rule is, when more than 3

terms arc propofed ; therefore, under the compound
Golden Rule is comprehended the Double Golden Rule, and
divers Rules of plural proportion,

145. The Double Golden Rule is, when five terms being
given, a fixth proportional to them is demanded: As in this
queftion, if 4 ftudents fpend 19 pounds in 3 months, how much
will ferve 8 ftudents g months? Or this, if g bufhels of pro-
vender ferve 8 horfes 12 days, how many days will 24 bufhels
laft 16 horfes?

146. The five terms given in this Rule confift of two parts,
wiz. a fuppofition exprefled in the three firft terms; and a de-
mand made in the two laft: So in the firft Example, this
claufe (if 4 ftudents fpend 19 peunds in 3 months) is the fuppo-
fition, and this (how much will ferve 8 ftudents g months,) is
the Demand? Likewife, in the other Example, this claufe (if
g bufhels of provender ferve 8 horfes 12 days) is the fuppofition,
and this (how long, or how many days will 24 bufhels laft 16
horfes, ) is the propofed demand ?

147. Here for ranking the terms given, in their due order,
firft obferve amongfE the terms of fuppofition, which of them
has the fame denomination with the term required : Then re-
ferving that term for the fecond place, write the other two terms
of fuppofition one above another in the firft place ; and laftly,
the terms of demand likewife one above another in the third
place of the Rule, in fuch fort that the uppermoft may have
the fame denomination with the uppermoft of thofe in the firft
place.  Lxample, If 4 ftudénts fpend 19 pounds in 3 months,
how much will ferve 8 ftudents g months ? Here the three
terms of fuppofition are 4, 19 and 3, and of thefe terms 19
has the {fame denomination with the term required, wiz. of

: pounds;
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unds; for you are to enquire how much money is requifite
F:r the maintenance of 8 {ftudents 9 months: Wherefore re-
ferving 19 for the fecond place, write 4 and 3 one
above another, thus; then on the right-hand of 4 I9
- 4, write 19 in the fecond place; this done, '
the work will ftand as in the Margin: Laft of
all, the terms of demand being 8 and, 9, and 8 having the
denomination of ftudents, place it in the fame line with 4
and 19, and write g under it; all this performed, the terms
in this queftion rank themfelves as follow, wiz, Thus,

gl ¥y .8
Or thus,

b e TSR |

4 8

In like manner, ff the fecond queftion, in 4rt. 145, were
propounded; the terms thereof ought to be difpofed thus,

- 2324 16
9 24
Or thus,

9. » 18 (g
8 16

148. Queftions belonging to the Double Golden Rule may

be refolved by two {ingle Rules of Three,

149. When Queftions of this nature are refolved by two

fingle Rules, the Proportions are as follow :

I. Asthe uppermoft term of the firft place, is to the middle
term; fo is the uppermoft term of the laft place to a fourth
number.

2. As the lower term of the firft place, is to that fourth
number ; fo is the lower term of the laft place to the term
required.

So in this Example before recited ufing

tacitly the lower term of the firftplace as 4 . 19 , 8
a common number in the firft proportion: 3 9
Say thus,

1, If 4 ftudents fpend 19 pounds (in 3 months) what will
ferve 8 ftudents the fame time ?

- Or thus, If 4 ftudents fpend 19 pounds, what will 8
fpend ?

Which Rule of Three will be difcovered to be direét (by

4Art. 140,) thercfore the fourth proportional proceeding fm;':
. the
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the faid three given numbers, 4, 19, and 8 is 38, (by Art. 134.)
Again, to find the term required, ufing tacitly the uppermoft
term of the third place as a common number in this laft pro-
portion ; fay as follows :

2. Ifin 3 months 38 pounds are fpent ( by 8 ftudents) how

much will ferve them for g months ?

Or thus, if 3 give 38, what will g yield ?

W hich Rule of Three will likewife be difcovered to be diret
(by Art. 140.) therefore the fourth proportional proceeding
from the faid 3 numbers, 3, 38, and g, you will likewife find
(by Art. 134.) to be 114 ; for 38 being multiplied by g the
product is 342, which divided by 3, yieldsin the quotient 114:
So that if 4 ftudents fpend 19 pounds in 3 months, 114 pounds
will ferve 8 ftudents g months.

150. In like manner, if two fingle Rules of Three be formed
(according to the preceding Art. 149.) out of the five numbers
given in the laft-mentioned queftion, the fame being ranked
according to the latter manner of ordering the faid numbers in
Art. 147. each of the faid two Rules of Three will be a Rule
Direé, and the fame anfwer of the queftion, to wit, 114
pounds will be difcovered, as may be feen by the fubfequent

operation,

ok i o b g
gk o 3
 fibat 1o e 4:5%:‘-3
9
3) 171 (57 4) 456 (114
Is 4 5
21 05
21 4
(8] 16
16
L | D

151. The Double Golden Rule is either Direi? or Inverfe.
152. The Double Golden Rule Direét, is, when both the
fincle Rules do each of them look for a fourth term in a direck
proportion ; as in the Example, Art. 149, where each of the
two fingle Rules of Three is Direct. v
or
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For another Example take this, If the carriage of 8 C. weigh§
128 miles coft 48 thillings, for how much may I have 4 C.
WEilgtht carried 32 miles after the fame rate? The terms of this
queltion, according to Art. 147. rank themfelves in this order.

1:.38 ST

Now taking tacitly the lower term ufﬁhe firft place as a com-
mon number, from the firft Rule of Three, according to Art.
149. faying,

1. If the carriage of a certain weight (to wit, 8C.) 128 miles,

cofts 48 fhillings, what will the carriage of the fame weight
32 miles coft ? |

Here it is eafy to difcern, that the fewer miles any weight is
carried, the lefs money will pay for the carriage of that weight;
therefore the fourth number fought by the faid Rule of Three
muft be lefs than the fecond number 48 : And in regard that
by Art. 140. when lefs is required, the greater extreme (whether
it be the firft or third number ) muit be the Divifor 5 therefore
the firft number 128 is the Divifcr, and confequently the Rule
of three above propofed is a Rule Direét; then finding out
the fourth number, by 4rt, 134. to be 12 thillings, proceed to
the fecond proportion, and fay,

2. If the carriage of 8 C. (32 miles) coft 12 thillings, how much

mutft I give to have 4C, carried the fame diftance?

And here likewife finding a fourth number to be looked for in
a direct proportion, Idifcover that fourth by Art. 134. to be 65.
which is the term demanded, and the anfwer to the queftion
propounded : So if the carriage of 8§ C. 128 miles, coft 48 s, the
carriage of 4C. 32 miles will coft 65, according to the ame
rate,

CH-AP.  XI

The Double Golden Rule Inverfe, performed by
two fingle Rules.

153 T HE Double Golden Rule Inverfe, is, when one of the
' fingle Rules Jooks for a fourth term in an inverted

proportion : As in the laft Example propofed in Art. 145. For

If you rank the terms of that queftion, according to 4re, 147,

Thus, |

“ G 8
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Bia Nas e 16
? 24
And then working by two fingle Rules of Three,formed accord-
ing to Art. 149. you'll find by Art. 140. that the firft of the faid
two Rules of Three will be fnver[’e, and the latter Direct. For
faying firft, if 8 horfes be maintained 12 days (by 9 bufhels of
provender,) how many days will 16 horfes be kept by fo much
provender? Here the anfwer 6 days will be found out by the
Rule of Three Inverfe: Secondly, faying, if g bufhels of pro-
vender be eaten up ( by 16 horfes) in 6 days, in how many days
will 24 bufhels be fpent? Here the anfwer 16 days will be found
out by the Rule of Three Direct.
But if you order the given terms of the fame queftion

thus,
g A ok
16

And then work by two fingle Rules of Three, formed accord-
ing to Art. 149. you'll find by Art. 140. that the firft of the
faid two Rules of Three will be Direct, and the latter Inverfe.
For faying, firft, if g bufhels of provender laft 12 days (to
maintain 8 horfes) how many days will 24 buthels ferve the
fame number of horfes? The anfwer 32 days will be found out
by the Rule of Three Dire¢t, Secondly, faying, if 8 horfes
are maintained 32 days, (by 24 bufhels of provender,) how
long will 16 horfes be kept by the fame quantity of provender?
Here the anfwer 16 days will be found out by the Rule of
Three Inverfe.

Therefore, whenfoever a queftion belonging to the Double
Rule of Three is feparated into two fingle Rules of Three,
(according to the preceding Rules) if one happens to be a
Rule Inverfe, that Dauble Rule is called the Double Rule

Inverle.

C HOAP. ST

The RuLE of FELLOWSHIP.

we refolve queftions that are difcoverable by more

Golden Rules than one, and yet cannot be performed by the
Double Golden Rule mentioned before in the two laft chap-
ters. Of thefe Rules there are divers kinds and varieties ac-
3 cording

154. Pl: HE Rules of plural proportion are thofe, - by whick
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cording to the nature of the queftion propofed ; for here the
terms given are fometimes four, fomerimes five, fometimes
more, and the terms required fometimes more than one, &,

155. T'wo particular Rules of plural proportion are thefe, the
Rule of Fellowthip, and the Rule of Alligation.

150. The Rule of Fellowthip is that, by which in accounts
among civers men (their feveral ftocks together with the whole
gain or lofs being given) the gain or lofs of each particular
man may be difcovered: As in this Example, # and B were
fharers in a parcel of merchandize, in the purchafe of which A
laid out 7/ and B11/l. and they having fold this commaodity,
find that their clear gainsamount to 54s. Now here the que-
ftion to be refolved by this Rule, is, what part of that 54 5. be-
longs to 4, and what to B, according to the rate of the feveral
fums and ftocks which they adventured? Again, 4, B, and C,
freight a thip from the Canaries for England with 108 tuns of
wine, of which 4 had 48, B 36, and C 24, the mariners meet-
ing with a ftorm at fea, where conftrained for the fafety of their
lives, to caft 45 tuns thereof over-board : Here the queftion to be
refolved, is, how many of the 45 tunsevery particular merchant
bas loft, according to the rate of his adventure.

157. The Rule of Fellowfhip is either fingle, or double,

158. The fingle Rule is, when the ftocks propofed continue
in the adventure (or common bank) equal times, to wit, one
ftock as long time as another., :

159. In the fingle Rule of Fellowthip, take the total of all
the ftocks for the firft term, the whole gain or lofs, for the fe-
cond, and the particular ftocks for the third term ; that done,
repeating the Rule of Three fo often, as there areparticular
ftocks in the queftion, the fourth terms produced upon thofe
feveral operations, are the refpeétive gains or loffes of thofe ‘par-
ticular ftocks propounded : So in the firft Example above-men-
tioned 7/ and 11/ are the ftocks propofed, whofe total is
18 /. which take for the firft term : Again, 545 the common
gain, is the fecond term, and 7 /. the firft particular flock, is
the third term of the firft proportion ; whereupon fay, as 18 2.
to 545, fo 7 [, to another number, which by the Dire& Rule
of Three is 215, wiz. the part of the gain due to 4, who ex-
pended the 7 /. ftock. Then for the fecond proportion, fay, as
18/ to 545, fo 11/ to another number, which by the Rule
of Three Diret is 23 5. viz. the part of the gain due to B, for
his 11/, ftock.

: = 82y
Asi8 : 54::3 7° +3

Gz Again,



84  The Rule of Fellowfhip. Chap. XII.

Again, in the other premifed Example, the particular Lofs

that happens to 4 is 20 tuns, to B 15, and to C 10 tuns,
48 : 20
For as 108 : 45 ::536 - a5
242,10

160. The Double Rule of Fellowthip is, when the flocks
propofed are double numbers, wiz, when each flock has relation
to a particular time : Example, 4, B, and C, hold a pafture in
common, for which they pay 45 /. per Annum. In this pafture,
A had 24 oxen during 32 days; B had 12 there 48 days, and
C fed 16 oxen there 24 days: Now the queftion to be refolved
by this Rule, is, what part each of thele tenants ought to pay
of the 45/. rent? And here you may obferve, that the ftocks
propounded are double numbers, v:iz. each ftock of oxen has
reference to a particular time; for the refpective ftock of A is
24 oxen, z2nd its particular time is 32 days; again, the ftock of
B is 12 oxen, and the refpective time is 48 days: And laftly,
the ftock of C is 16 oxen, and its peculiar time is 24 days,
which, as you fee, are double numbers.

161. In the Double Rule of Fellowfhip, multiply each parti-
cular ftock by its refpeélive time, and take the total of their
produéls for the firft term, the whole gain or lofs for the fecond,
and the faid particular produdts of the double numbers for the
third term: This done, repeating, as before, the Rule of Three,
fo often as there are produéls of the double numbers; the
fourth terms produced upon thofe feveral operations, are the
numbers you look for: So in the above Example, the product
of 24 and 32, is 768, the product of 12 and 48 is 5§76, and the
produét of 16 and 24 is 384, the fum of thefe produéts in 1728,
which is the firft term in the queftion ; then 45/, ‘the rent, is
the fecond term, and 768 the firft produdt, is the third term of
the firft proportion : W herefore I fay, as 1728 to 45 /. fo 768
to another number, which I find by the Dire& Rule of Three
to be 20/, wiz. the part of the rent that 4 ought to pay >
Then for the fecond proportion fay, as 1728 to 45 /. fo 576 to
15/, which is the part that B ought to pay: And laltly, as
1728 to 45/ fois 384 to 1cld wiz, the part that C muft
Py.

, v €468 7,30 &
As 1728 : 45 ::/ 570 : 15
_ {384 : 10

A fecond Example: Three merchants 4, B, and C, enter
partnerfhip, and agree to continue in a joint adventure 16
months ; & puts into the common flock at the beginning of

the
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the faid term 100 pounds, at 8 months end he takes out 40
pounds, and 4 months after fuch taking out he puts in 140
pounds. B puts in at firt 200 pounds, at 6 months end he
puts in 50 pounds more, and 4 months after the putting in of
the 50 pounds, he takes out 160 pounds. C puts in at firft 150
pounds, at 4 months end he takes out 50 pounds, and 8 months
after fuch taking out puts in 100 pounds. Now, at the end of
the faid 16 months, they had gained 357 pounds, the queftion
is, how much of the faid gains belongs to every merchant for
his fhare?

In queftions of this nature, two things are principally to be
obferved ; 1. The whole time of partnerfhip. 2. The refpec-
tive time belonging to each man’s particular ftock ; fo here, it
15 evident that the whole time is 16 months, and the particular
ftocks and times belonging to every merchant will be as fol-
lows, iz,

A. bad 100/ inthe common flock for § months, ; 8
therefore 100/ multiplied by 8 produces oy

Alfo 60/, for 4 months, therefore 60 multiplied hv}

'$ 240
4 produces

Alfo 200/, for 4 months, therefore 200 multiplied b}r} 800

4 produces &

,.f;fhg total of the produ@s of mc'mE? and time f“"}lsm

B, had 200/ in the common ftock for 6 months, e
therefore 200 multiplied by 6 produces }
Alfo 250/ for 4 months, therefore 250 muit?plied} 16do

by 4 produces :

Alfo 150/ for 6 months, therefore 150 multiplied
by 6 produces= — : i } goo
B"li';he total of the produés of money and time fff}gma

C; had 150/ in the common flock for 4 momhs,} €6
therefore 150 multiplied by 4 produces :
Alfo 100/, for 8 months, therefore 100 mu]tip!ied-b}r} 8oo
8 produces’
Allo 200/, for 4 months, therefore 200 multiplied by } 85

4 produces

The total of the produés of money and time for }110{:

y 18 Y -

ﬁ—-—d.

G3 The
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Then adding the faid three Totals together, to wit, 1840,
2100, and 2200, the fum is 71403 wherefore proceeding as in
the laft Example, fay, by the Rule of Three Direlt, as 7140
is to the total gain 357 pounds; fois 1840 to g2 pounds the
gain of 4: Again, as 7140 isto 357; fois 3100 to 155 the
cain of B: laftly, as 7140 15 t0 357; {o is 2200 to 110 the
oain of G.

162. The Rule of Fellowfhip is proved by addition of the
terms required, whofe fum ought to be equal to the fecond term
‘in the queftion, otherwife the whole Work is erroneous : So in
the firft Example in 4r2, 159. 215, and 33s. being added to-
gether, are eqaal to 541 the fecond term in that queition,
Likewife in the lat Example of the fame Article, as alio in the
firft Example of the laft Article, the fum of 20, 15, and 10,
the terms required, are cqual to 45, the fecond term pro-
pounded,

Co L ASY el
Of the RuLE ¢f ALLIGATION.

163. HE Rule of Alligation is that, by which we refolve
queftions, that concern the mixing of divers fimples
together. :

164. Alligation is either Medial or Alternate.

165. Alligation Medial, is when having the feveral quanti-
ties and rates of diverfe fimples propofed, we difcover the rate
of a mixture compounded of thofe fimples, So 10 bufhels
of wheat at 45 or (which isall one) 48 d. the bufhel; 40
buthels of rye at 3s. or 36d. the buthel; and 50 bufhels of
barley at 2.5, or 24.d. the bufhel ; being mixed with 20 bufhels
of oats at 12 4. the bufhel, the Rule of Alligation Medial thews
you the price of that mixture,

166. In Alligation Medial, firft fum up the given quantities,
then find the total value of all the fimples: ‘T'hat done, the
propoertion will be as follows :

As the fum of the quantities is to the total value of the
fumples:

Soisany part of the mixture propofed, to the required rate
or price of that part, :

Repeating again the above Example, I demand how much
ene buthel of that mixzture is worth ? Now the fum of 10, 40,

59:
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50, and 20, (the given quantities) is 120 bufhels; and the value
of the 10 bufhels of wheat at 484, the buthel amounts to 4804.
ﬁgam, the value of the 40 bufhels of rye at 364, the bufhel,

1440d. The value of the 50 bufhels of barley at 24.4. the
bufhcl is 12004, And the value of 20 bufhels of oats at 124,
the bu{hel, is 2404. All thefe values being added together,
their total is: 3360&' Then fay, by the Rule of Three IJ:refi
if 120 bufhels give 23604d. what will 1 bufhel yield? The
Rule anfwers 284. Therefore a buthel of that ml:{ture may
be afforded for 284. thatis, 25. 44. which is the refolution
of the Queftion propofed.

In like manner, if it be demanded, what § bufhels or a
quarter of that mix:ture is worth, the anfwer will be 224 d.
which being divided by 12, and by that means reduced into
ﬂ‘ul]mﬂ's is 185, 8d.

16;' In Alligation Medial, the trial of the work is by com-
paring the total value of the feveral fimples with the value of
the whole mixture: For when thofe fums accord, the operation
is pcrfe&: So in the above Example,

b
10 buthels of wheat at 4 5, the bufhel, is—— 2 : o :
40 buthels of rye at 35, the bufhel, is——— 6 : 0 :
50 buthels of barley at 2s. the buthel, is—— 5 : 0
And 20 bulhels of ocats at 124. the bufhel,is 1 : ©

All which amount to ' S

Which is likewife the value of 120 bufhels, at 284. or 25,
4 d. the butfhel, for that alfo amounts to 14/

168. Alhgmon Alternate, is, when having the feveral rates
of diverfe fimples given, we difcover fuch quantities of them,
as are neceflary to make a mixture, which may bear a certain
rate propounded.

Example, A man being determined to mix wheat at 4. or
484. the bufhel, with rye of 3s. or 364. the bufhel, with
barley of 25. or 244, the bufhel, and with oats of 1. or 124,
the bufhel ; the Rule of ﬂ]]:gatmn Alternate will difcover to
you how much rye, how much barley, and how much oats he
ought to add to the wheat, in fuch fort, that the mixture of them
all tﬂgether may bear a certain rate or price propofed.

In quef i'mns of Alligation Alternate, you muft rank the

i tﬂrms after fuch a manner, that the given rate of the mixture
ma}r reprefent the root, and the feveral rates of the fimples
ftand as branches ifluing from that root: So the above
Example being laid down, demand how much rye, barley, and
oats, ought to be added to the wheat, that the mixture of
ail together may bear the rate or price of 284, or 25, 4 4. the
G 4 bufhel

ﬂ}e walne of

o Doﬂo?’*-
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bufhel: And therefore, drawing a line of connexion, place 284,
the given rate of the mixture, upon the left-hand thereof, by it
felf, reprefenting the root, and likewife write the
other rates propofed, viz. 484d. 364d. 244, and 124, 48
one above another upon the right-hand of that line 28 36
of connexion, which rates are conceived to iffue 24
from 284, as branches from the root, the fabrick 12
whereof appears plainly in the margin, '
170, Having ranked ‘the terms in their due order, link the
branches together by certain arches, in fuch fort, that one that
is greater than the root or rate of the mixture, may always be
coupled with another that is lefs than the fame: So in the pre-
mifed Example, 48 may be linked with 12, and 36 with 24, or
+ otherwile 48 may be coupled with 24, and 36 with 12, and
then the work will ftand thus:

4

™ lf
23'5% 7 )\ Or thus, 13{ ;
2

L

L
12 .

171. Having alligated the branches and found the differences
betwixt them and the root, write the differences of each branch
juft againt its refpeCtive yoke-fellow. So the branches of the
Example aforegoing being linked after the firft manner, and
the difference between 28 and 48 being 20, place 20 juft
againit 12, the refpective yoke-fellow of 48, Again, 16 being
the difference between 28 and 12, write it juft againft 48. In
like manner 8 being the difference between 28 and 36, place it
right againft 24, And laitly, 4, the difference between 28
and 24, write juft againft 36: In the end the whole fabrick of

the Work (as the branches are thus linked ) will ftand as in this
Example, .

48 16

| 36 +
284 D

| 24 ' 8

12 20

172. And the differences thus placed will anfwer the queftion 3
for if to 16 bufhels of wheat at 45, per.” bufhel, be added 4
buthels of rye at 3. 8 buthels of barley at 25, and 20 bufhels
of oats at 14. the price of a bulhel of he mixture will be
25, 44, 2

For
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For 16 bufhels of wheat at 45. are worth 64 5.

i rye 35 12
8 barley 25, 16
20 oats IS, 20

e r—

Therefore 48 bufhels of the mixture are worth 1125,
And 1 bulhel thereof is worth L'2s. =7 = 25, 44.
173. But the branches beipg linked after the other manner,
the Work will be thus difpofed:

(48 4

| 36 D 1 16

23.{l 24 ) e

L1z 8

For in this Cafe 48 has 24 for its yoke-fellow, and the re-

fpetive comrade of 36 is 12; and here the interchangeable

placing of the differences (as in the premifed Examples) is that
which is more particularly termed Alternation.

174. The numbers thus found will alfo anfwer the queftion,
For 4 bufhels of wheat at 4 5. are worth 165,

16 TRE Al 48s.
20 barley at2s. A0s5.
3 oats  at I s. 8s.

L i

Therefore 48 buthels of the mixturer ae worth 1125, as befdte,
175. When one branch is linked to. diverfe other branches,
and not to one alone, the differences ought to be as often tran-
fcribed, as 1t 1s o diverfely linked. So in the premifed Ex-
ample, you may (if you pleale) conceive 12 to be coupled both
with 48 and 36; likewife 24 may be conceived to be linked
- with the fame 48 and 365 wherefore the difference between
28 and* 12 being 16, write it againft both 48 and 26. In
like manner the difference between 28 and 24 being 4, write
it likewife over-againft the fame numbers 48 and 30, Again,
'ﬂ.;‘; being the difference betwixt
28 and 48, place it juft againft 2 116 4,
24 and 12;and 8 beilng th%. dif- ) 2
ference between 28 and 36, write g
- it likewife over-againft the fame %

E .

i < 10 4.
numbers 24and 12: All this per- 24'J 20 8.
formed, the whole frame of the I2 =t ;

e | 20 8.
work will ftand as in the Margin,

176, When
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176. When, in one and the fame line, there are found more
differences than one, add them together, and write the fum
juit againft the fame differences beyond a ftraight line drawn
towards the right-hand of the Work,

So in the laft Example, the fum of 16 and 4 (the differences
placed juft againft the firlt branch) being 20, write it over-
againft the fame differences, beyond the new line drawn upon
the right-hand of the Work, and fo confequently the reft in
their due order, as appears by the Work hereunto annexed.

48 okl YRR
36 {16 2 g

28
24 207 8. 28.
<12 20 8. 28.

Which numbers are a third anfwer to the queftion,
For 20 bufhels of wheat at 45, are worth 8o,

20 Iye  ak 3s. 6os,
28 barley at 25, 565,
28 oats  at Is. 28 5.

B e e

T herefore g6 bufhels of the mixture are worth 2245,
And 1 buthel is worth 3% ="' as before,

177. The reafon of thefe combinations and the alternate
placing of their differences will appear from this plain confi-
deration, wiz. that whatever is loft by felling any quantity whofe
given price exceeds the mean, is gained again on the quantity
allicated thereto, whofe given price is lefs than the mean,

Thus, in the Example work’d in Are. 171, and proved in

Art. 192,
By felling 16 bufth.at  284. ] i
}'Wiﬁch are worth 48 4. } you lofe 16 X 20 = 320d.

And by felling 20 bufth. at 284.
which are worth but 124.
Again, by felling 4 buth, at 284.
which are worth 364d.
But by felling 8 bufth, at  284.
which arc worth but 244,

} you gain 20 X 16:32031
} you lofe 4x 8= 324.
} you gain 8 x 4= 324d.

178, Take this for another Example: It is required to mix
wheat at 48 4. the bufhel, with rye of 2364. the bufhel, with
barley of 244d. the buihel, and with oats of 124, the buthel;
and the queftion now is, how much rye, barley, and oats ought

w
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to be added to the wheat, that the entire mixture may be af-
forded at 164. the buthel? Here the branches of this queftion
(according to Art. 170.) ought to be linked: Thus,

48
I
3+

Liz

And as for the Alternation of the differences, it is evident
(by Art. 176.) that the difference between 16 and 12 being 4,
ought to be thrice tranfcribed, wiz. firft, jult againit 48, then
againft 36, and laft of all againft 24. Again, 32 the difference
between 16 and 48, as alfo 20 the difference between 16 and
363 and laftly, 8 the difference betwixt 16 and 24, ought all
to be placed juft againft 12,

(48 4 4
1 30 + 4
116«([ 24 4 L
12 32. 20. 8. | 6o
179. Again, determining to mix wheat at 484. the bufhel,

with rye of 364. the buthel, with barley of 24 4. the bufhel,
and with oats of 124, the bufhel, I deflire to know how much
of each I ought to take, that I may afford the whole mixture
at 40d. the bufhel: Here the whnﬁe Work being ordered ac-
gording to the Rules foregoing, will ftand as follows,

48 4. 16. 28. | 48
404 36 8 8
24 1 8 8
12 8 8

180. A man intending to mix wheat at 484. the bufhel,
with rye of 36 4. the bufhel, with barley of 24 4. the bufhel,
with peafe of 164, the bufhel, and with oats of 124. the
bufhel, defires to know how much rye, barley peafe, and oats
he ought to add to the wheat, that the whole mafs of corn fo
mixed may be afforded at 204. the bufhel. This queftion be-
ing thus propofed, the terms of it (by the Rules foregoing) may
be alligated, and the differences of the terms alternated, as
follows ; '

20
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I 4 4

4 4

20 4. 8. 12
28016 4. [uB

4 i 4

181. When two kinds of things only are given to be mixed,
this Rule of Alligation will give but one anfwer ; for inftance,
Suppole it were required to mix brandy at 8s. per gallon,
with cyder at 1 :.Tper gallon, fo as to make the mixture worth
5. per gallon?  The operation would fland as below.,
o135
i 3
And the anfwer will be 4 gallons of brandy, and 3 of
cyder.

] 182. Neverthelefs let it be obferved that any other two num-
bers that are in the fame proportion to each other, as 4 and %
will alfo anfwer the queftion. Thus 8 and 6, 12 and s 16
and 12, &, are anfwers to the queftion: For in thcl?: the
quantity of the mixture is the double, triple, quadruple, &,
of the quantity in the former ; and fo are the parts of which
it i1s compofed. -

183. If three kinds of things are given to be mixed, the
Rule of Alligation wiil give but one anf{wer ; but, then, as be-
fore, all numbers that are in the fame proportion between, them-
felves, as the numbers which compole that anfwer, will alfo
fatisfy the queftion. :

184. But thisis not all, for by the help of an artifice, now to
be explained, innumerable other anfwers may be obtained, the

numbers compofing which are not in the fame proportion as the
above,

Let it be required to mix brandy at 8 5. per gallon, with wine
at 7 5. per gallon, and cyder at 15, per gallon, fo that the mix-

ture may be worth s fhillings per gallon? The Work by the
Rule of Alligation will ftand as follows.

Ir3 4 4
5<i 7 4 | 4
iy i s

5
¥»> 4 of wine, and 5 of
For

Which fhews that 4 gallons of brand
cyder will anfwer the queftion,
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For 4 gallons of brandy at 85, per gal, are worth g9y,

4 ditto wine at 7s, ditto 28 s.

5 ditto cyder at 1. ditto [ £

T herefore 13 ditto of the mixture are worth 65 s,
And 1 ditto is worth £3 5, — 5y,

Now let us fuppofe, that it fhould be determined to ufe 5
gallons of cyder in the mixture conftantly, but to ufe any quan-
tities of brandy and wine that will anfwer the quettion,

Then may the quantity of brandy be increafed or diminifhed
by 2, the difference between the prices of the wine and mixtu re
if at the fame time the quantity of the wine be diminifhed or
increafed by 3, the difference of the prices of the brandy and
mixture, ; ' )

That is to fay, to (4) the quantity of brandy given by the
above anfwer, add 2 ; and from (4) the quantity of wine,” take
3; fo hall the fum 6, and difference 1, be refpectively quan-
tities of brandy and wine, which mixed with 5 gallons of cyder
will anfwer the queftion,

For 6 gallons of brandy at 8. are worth 48 5.

I ditto wine at 7 5. 1s worth a's,
5 ditto cyder at 15, are worth sy,
e ———
Therefore 12 ditto of the mixture are worth 60 5.
RIS O
And 1 ditto iIs worth $85, — ¢ ¢,

Again, if from (4) the quantity of brandy given in the firft
anfwer, 2 be fubtradted ; and if to (4) the quantity of wine,
3 be added ; then will 2 and 7, the remainder, and fum, be
relpectively quantities of brandy and wine, which will anfwer
the queftion.

~ For 2 gallons of brandy at 8. are worth 16,

7 ditto wine at 7 s, are worth 49 5.

‘ 5 ditto cyder at i ;. are worth s,

Therefore 14 ditto of the mixture are worth 7o s,
And 1 ditto is worth 295, — 5 5,

185. Now if inftead of the numbers of the firft anfwer 4, 4,
and 5 larger numbersin the fame proportion vz, 12, 12, and I3,
were taken, the following 8 anfwers would be found by increaf-
ing and diminifhing the quantities of brandy and wine as above
directed, the quantity of cyder remaining conftantly 1s, vz,

R Bty 1S I WL 1 e o o divin A%
L S @82 a5 18Nar | 24 an
Cyder 53 155 A5 15« 15 55, 35 15 7 1l

And
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And if, inftead of thefe, ftill larger numbers in that propor-
tion, or in proportion as any of the laft found anfwers, be af-
fumed ; a greater number of other an{wers may be found.

186. If inftead of fuppofing the quantity of cyder invarizbie,
the quantity of brandy be taken for fuch ; then an infinite numi-
ber of anfwers may be found, by continually increafling the
quantity of wine by (4) the difference beteen the prices of the
cyder and mixture ; and the quantity of cyder by (2) the diffe~
rence between the prices of the wine and mixture.

Thus, afluming the fecond anftver 6, 1, and g, as the bafis
of our work, and efteeming the 6 gaHnns of brandy as invari=
able, the following fyftem of anfwers will arife.

Brapdy 6, L oo =6 Y iRt s 6 . 6 e

Wime-< Fro P s g 0T 3 WY B0 RET 0 5 2 S

Cyder £/ 7 oo Qe d® . 13 o 255 17 . 300281600

187. Lattly, efteeming the quantity of wine as invariable,.
the quantity of brandy muft be increafed by (4) the difference
of the prices of cyder and mixture 5 and the quantity of cyder
muft be increafed by (3) the difference of the prices of the bran-
dy and mixture,

Thus taking the third anfwer 2, 7, and s, as the bafis, and
making 7 invariable, thefle anfwers arife,

Brandy'2", 6, Toc 14 a8 . 22 . 26 =30 Cr.
Wine) g o gt 7 8095R Rt g 5o 0
Cydersiuss . 8 DL LA B7:5.20 4 234 200

188. When there are 4 kinds of things to be mixed, and two
of them are of greater value, and the other two of leﬂ'er value
than the mixture ; the Rule of Alligation will give three an-
fwers, as in Art. 172, 174, 176, with either of which, or
with any numbers that are in the fame proportion among thetm-
felves as thofe, as a bafis, innumerable other anfwers, confifting
of numbers which are in different proportions among them-
felves, may be found, by making any two of them invariable,
and channrmrr the reft in the manner as above.

Note 1. That the number by which the quantity of any fim-
ple is to be varied, 1s a]ways the difference between the price of
the mixture, and the price of the other fimple, which in any
Uper:atmn is confidered as variable.

Note 2. 'That if the fimples, which in any operation, are con-
fidered as variable, be both of greater, or both of lefs value than
the mixture ; than while the one is increafed, the other muft
be diminifhed ; but if the one be of greater value than the mix-
ture, and the I{tht‘l of lefler, then lhl.‘:} muft be both increafed,
or both diminithed.

189.
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189. Let it be required to mix brandy at 85, wine at " 5,
- cyder at I s. and water at nothing per gallon tagether 3 fo that
the mixture may be worth §s. per gallon ?

- The three anfwers, by the Rule of Alligation, are as follow,

{8 5 8 4 8 5 4|9

7 | 4 i 5

e @ 154 ! 5 7 LA
I RE .l 3121 B ).
10 3 LO 2 |

0 s

Now taking the laft anfwer for the bafis of our operation,
.and making the quantities of wine and cyder invariable, we

‘fhall have

Brandy 9. 14.39.24.29. 34 . 39. &
Mile - og. g R gL g
Enden o 8 Wi, % EUSE o T e
L TR TR e ¢ b e (o D

Making the Brandy and Cyder invariable,

Beandy ‘gi.c 90 Qi G G ec Q... 0. £
Wine. 9. 14.19.24.29.34.39.8c
e il - 05 RGBS B € S
WEHICE 105 bon " v, Bunr BY, 2o B0 207 i b0
Making the Wine and Water invariable.

Diandy g .83 0 00 3 i 25:4.2000 33 e,
Wine g.g.g.g.g.g.g.fﬂ’n
%}der = ndd T4, SBY . 2B 93 B
gteE o B b s, B BV St WemeLe bl

Making the Brandy and Water invariable,

Brand}fg.g.g.g,g+q.g.fﬂ'f,
Wine" G559 %« 215 25 400 i 33 o
Lyder,. 5 o Juwi Q.o 1E o33 .08 0 17 L0
IRLALOR o B =500 L B e Bee 0. 5
Making the Brandy and Wine invariable,
Brandy 9 . 9 . ¢
L TR R R
Cuden 10 . 50
agr S p Y e TG
. Or take 4 other numbers in the fame proportion as g. 9. 5
and 5. wiz. 36. 36. 20 and 2o,
Brandy
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Brandy 26 36 36 36 36 36 36 36
Wiines; 90 +4a6 gﬁ 20" 36 9626 26
LUyder™ " dariisctiagt the Sap™ 15 WypHii
Ve oS 0 B8 g 10 g0 a2l M

Laftly, making the Cyder and Water invariable.
Brandy €¢. 44 . 42 . 40 . 38 . 36.34.32, 30.28 &¢
Wine ¢, 24 427 7200 820> 26 30 42 | 4k 4B e,
Cyder (€, 20 . 20 ..20, 207, 20.20.20.20.20 §.
Water &c. 20 . 20, 20 ;20 . 20.20.20.20. 200

1gc. Not only the fets of numbers thus found, but their
fums and differences will alfo be anfwers:
Brandy, Wine, Cyder, Water,
Thus {rom or to 42 27 20 20
Takeoradd & g o] Lo 0 (SR

will be anfwers ta
the quEﬁiﬂn.

The remainder 33 18, 10 _ 19
And fum ST 36 30 21:}

191. Alligation Alternate, is either Partial, or Total.

192. Alligation Partial, is, when having the feveral rates
of diverfe fimples, and the quantity of one of them given, we
difcover the feveral quantities of the reft, in fuch fort, thata
mixture of thofe fimples being made according to the quantity
given, and the quantities fo found, that mixture may bear a cer-
tain rate propbfed,

Examp. Suppofed it were required to mix brandy at 8 s. per
gallon, and wine at 75, with 10 gallons of cyder at 1 5, fo that
the mixture may be worth g5 5. per gallon,

Proceed as before in Art, 170, €. to alligate the prices, and
alternate their differences. d

8 4 |4
5 7 4 4
: 3215 ¥
"T'hen having by this means obtained fuch quantities of the fe-
veral fimples as will make a mixture price propofed, fay,
As (5) the quantity of cyder found by alternation,
Is to (10} the quantity of ditto given in the queftion ;
So is (4) the quantity of wine and brandy per alternation,

"T'o (8) the quantity of ditto required.

Note; This proportion may be applied to any of the anfwers
found by the other dire&ions.

193
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193. Now having found one anfwer by the above proportion,
others may be found by Art, 184, Thus,
Oy s Eouds SR0cs. o Bawe b . . 40 . 2
Wine B Selan 50 i BN lng w3 . 17
faRder o Bocad 0 b 1D o s EBR LGt B0 - L 1O
By which means, other five anfwers are obtained as above,
ce the proof of the two extreme anfwers below.
12 gallons of brandy at 8 5. are worth g6 s,

2 ditto wine at 7 5. ditto 14 5.

10 ditto cyder at 15, ditto 105.

Ther:ﬂ‘e 24 ditto of the mixture are worth 1207,
And 1 ditto s parth "29 5, —veg

Again 2 gallons of brandy at 8 5, are worth 16+,

17 ditto . wine at 7. ditto 1197,

10ditto  cyder at 15, ditto 105,

Therefore 29 ditto of the mixture are worth 145 5.
And 1 ditto is worth 185 5, = ¢35,

194. Alligation Total, is, when inftead of the quantity of
- any particular fimple, the quantity of the mixture is given, to-
gether with the prices of the mixture, and the feveral fimples
of which it is to be compofed,

Lxamp. Let it be required to mix brandy at 8 5, wine at 7 $a
and cyder at 15, per gallon together, fo that the mixture may
contain 26 gallons, and be worth 55, ger gallon ?

- The prices being allizated, and their differences being alter-
nated as before, vz,

er ,4 4

g ] I-4 1 4

|

g i 32 |5
13

Add the numbers which compofe the anfwer together, and fay,

As'(13) the total of the mixture per alternation,

To (26) the total of the mixture given in the queftion ;

S0 are (4, 4, and 5) the feveral quantities of the fimples per

alternation,

To (8, 8,2nd 10) the quantities of the faid fimples required.

195. One anfwer being thus obtained, others may be found
as follows : :

1°, Let the quantity of that fimple, whofe value alone is
greater, or lefs than the value of the mixture, be increafed or
' H diminithed,
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diminifhed, by the difference of the differences between the
prices of the other two fimples and the price of the mixture.

2°. Of the remaining two fimples, let the quantity of that
fimple whofe value is fartbeft from the value of the mixture, be
increafed or decreafed (according as the former is) by the fum
of the differences, between the prices of the other two fimples,
and that of the mixture.

3°. Let the quantity of the remaining fimple be decreafed or
increafed, alfo, by the fum of the differences, between the
prices of the other two fimples, and that of the mixture; but
obferve, that the quantity of this fimplé is to be decreafed, when
thofe of the two former are increafed ; and the contrary.

In the example before us, the value of cyder is alone fs than
the value of the mixture : Alfo the differences between the
prices of the other two fimples, brandy and wine and that of the
mixture are feverally 3 and 2, the difference of which differen-
ces is 1; therefore (10) the quantity of the cyder, may be in-
creafed or diminifhed by 1, that is, it may become 11 or g.

Of the other two fimples ; the value of the brandy is farthefk .
from that of the mixture ; alfo the prices of the other two fim-
ples, wine and cyder, difter from the price of the mixture,
feveraily, by 2 and 4, whofe fum is 6 ; therefore (8) the quan=
tity of the brandy, may be increafed or diminifhed by 6, and
become 14 or 2.

Laftly, the quantity of the wine (8) may be diminifhed or ine
creafed by (7) the fum of 3 and 4, the refpective difterences
between the prices of the brandy and cyder, and that of the
mixture; that is, it may become I or I5. :

Thus are two more an{wers to the queftion obtained, which,
with the former, may ftand as below.

Beandy ‘14 ! 8 . &
Wine AR - SRR -
Chders $14 » - BS80S
The proof of the two laft anfwers follows :
14 gallons of brandy at 8s. are worth 1125,

1 ditto wine at7s. ditto 7 %
11 ditto cyder at rs. ditto 1154,
Therefore 26 ditto of the mixture are worth 130 5.
And 1 ditto . . . . isworth 3°s < §5
Again 2 gallons of brandy at 8 5. are worth 16 .
15 ditto wine at 7s. ditto 10§55 ¢
g ditto cyder at 1. ditto 95

Therefore 26 ditto of the mixture are worth 13075, as before.
I 196,
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196. Note, That if there be 4 or more fimples out of which
the mixture is to be compounded, then I or more of them muft
be confidered as invariable, {o that there may be only 3 vari-
able; and thofe, fo that one of them may be of a contrary

* value, with refpec to the price of the mixture, from the other

two.

Example. *Tis required to mix fuch a quantity of brandy at
8 5. wineat 75 cyderat 15 and water at o, per gallon, as
will make a hogthead, or 63 gallons of the mixture, worth 5,
per gallon ?

By the procefs in Art, 189. the two following proportions
were found, wiz,

Brandy, Wine, Cyder, Water.

Among the firft found anfwers C e S St
Among the third ‘ : S St Ll

=

And their fums (which arean-} 18 22, 50 4l 14

fwers by Art. 1g0.) - -
make juft 63 the quantity given.

Then 1°. making the water invariable we fhall haye per Art.
195.
Brandy 26. . 40, a4 .48 . 22l . 6
Wine %801 &0 ,1§ 17 -0 B BRE | NGRS
Coders, Wit 380 1 (G600 gy .o 8L
U R BT Tl IR et

2°. Making the cyder invariable, will produce
aiehl SR TR Sl S Lo A
Wine Al | R e
Crder = gp t8 s T Sy Vet e T
Water SayRg g g Ve 00 o,

3°. Making the wine invariable, gives
Brandy 19 . 18 ., 17.
Wine ™ 23 ome .93,
Cyder - e,
SiWlalter g LD 1 vy s iaEL

Laitly, making the brandy invariable, we have
Brandy 18 . 18 . 18,
Wade ooy lsagl . il
Cider. " 1 . bagr . ouh
Wiatdr » 3870 Myoh =46,

H 2 197,

w
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197. 1f you are inclined to find more anfwers you may, for
Woater, make any number invariable from 5 to I0.

Cyder, ditto - - - - < 2 tb 18.
Wine, ditto - - - - - 2 to 30.
‘Brandy, ditto - - -1t . - 4 to 36.

Fer fince, in fome of the above anfwers, thofe quantities have
been produced ; therefore ’tis highly probable, that all the inter-
mediate numbers may have place in fome of the anfwers, and
perhaps fome out of thofe limits.

Example. Suppofe it were required to make a hogfhead of
mixture of the fame fimples, and at the fame prices ; but {o
that there fhould be juft 16 gallons of wine.

When the water was made invariable, this anfwer among the
others arofe,

Brandy 2 2O g8 > ety oan Sda .m0

1‘Jine}r 12 2 E”Fﬂé'::u; E% Ig . 1% i 1%
Cyder 11{23§ o &= 3u)u3 - nikis 2019
Water 12/<gcB5ES5019 . 12 . 5

198. But if, inftead of gallons, you will mix by pints 3 then
(making the fame number of gallons, viz, 24, 16, 11, 12, OF
their equivalent number of pints, wviz. 192, 128, 88, g6, the
bafis of the operation) more aniwers may be produced, as
follow.

Brandy e t911-:}{:.195.194.193.192.191.190,1‘39.183.15;:. e
Wine &7c. 128.128.128.128.128.128.128.128.128.128.128. {Je.
Cyder & 48. 56, 64. 72. 8o. 88, 96.104.112.120.128. .
Water £5¢. 131.124.117.110,103, g6. 89. 82. 75. 68. 61. Tcs

The two extreme an{wers are proved below.
197 pints of brandy at 1 s. per pint are worth 9/, 175,

128 ditto  wine 0s, 101 d. ditto sl 1258
48 ditto . cyder 0s,  ¥Ld, ditto ol. 65
171 ditto . water ol. o5

et

Therefore 504 dittoor 63 gal, of the mixture are worth 15/, 155
And 1 gallon thereof is worth %/#s. = 5+.

Again 187 pints of brandy at 1 5. per pint are worth g/. g5

123 ditto . wine . at 0. 101 4. ditto 5l 124

128 ditto . cyder.at 0s. 1id. ditto ol. 16s.

b1 ditto  water ol. os.

o ——

Therefore 5c4 ditto of the mixture are worth 15/. 155

as before,

CHAP,
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CYldA P XY,

The Application of Alligation to the mixing of
Metals, according to their different Finenefs ;
and to the Compofition of Medicines.

109. LLOY is a fort of coarfe filver or copper, or fome
: bafe metal, with which goldfmiths mix gold or
filver, to abate the finenefs thereof,

An ounce of gold is divided into 24 parts, called carrals ;
and an ounce of filver into 20 parts, called penny-weights ;
therefore to diftinguith finenefs of metals, fuch gold as will
abide the fire without lofs, is accounted 24 carra&@s fine ; if it
lofe 2 carraéls in trial, it will then be 22 carra&s fine.

Silver is valued in ounces, and a pound of filver which lofeth
nothing in trial, iscalled 12 ounces fine ; but if it lofe 2 penny-
Ereights, it is then faid to be 11 ounces 18 penny-weights

ne.

Examp. A goldfmith hath 20 ounces of gold at 20 carra&s
fine, and would mix it with fome at 22 carraés fine, and fome
of 24 carra&ts fine; how much of 22 and 24 carrafls fine, and
how much alloy, muft he mix with the 20 ounces of 20 car-
raéls fine, fo as the whole mafls may be 18 carraéls fine,

Firlt, fet down the values in order as ufual, with the mean
value, and in the place of the alloy, becaufe it is not accounted
of any value, place a cypher; then alligate the values, and al-
ternate their differences as ufual, per Art. 171, 9.

(20 18 18
Sl 22 18 18
1 !.24 1 18 13

Lo 2, 4,6 | 12

Then by Art. 192,

. 18 : 20 i) 22 Car, fine,
As 18 : 20 ::918 : 20 o £G4 24 Car, fine,
L IRELR ﬁ 2. > Alloy.

H 3 200,



102 Compofition of Medicines. Chap. XIV,

The Application of Alligation to the Compsfition of Medicines.

200. Medicines and Simples, in refpeét of their qualities, are
confidered in fome of thefe five ways, viz. either as they are
hot or cold, moift or dry, or as they are temperate ; fo that
fuch fimples or medicines as work heat in our bodies, are faid
to be hot ; fuch cold, as are the caufe of coldnefs, &,

The mean or middle between the extreme qualities of heat
and coldnefs, alfo between drynefs and moifture, is called tem-
perate, or the temperature ; from which every one of the faid
qualities, hot, cold, moift, and dry, differs in four degrees ; fo
that a medicine or fimple is faid to be either temperate, cr
elfe hot, cold, moift, or dry, in the firft, fecond, third or fourth
dearee. ,

201. If the numbers 1, 2, 3, 4, 5, 6,7, 8, g, be placed as you
fee from A to B, the differences between 5, (the middle num-
ber) and the fuperior numbers 6, 7, 8, g, will be 1, 2, 3, 4,
which may reprefent the 4 degrees of the qualities hot and
dry 5 likewife the differences between 5 and the inferior num-
bers 4, 3, 2, 1, will be 1, 2, 3, 4, which may reprefent the
4 degrees of the qualities cold and moift, the temperature repre-

fented by o, being the mean or middle from whence the faid
degrees do fwerve,

=y
PP
Pale 3
3 \ Qualities bot
742 and dry,
611
5 | O Temperature.
411
gz }Q.!rdfft‘fﬂ cold
2|3 € and moift.
rAIl4
2 b
g Qq

202. Since the Rule of Alligation Alternate requires, that of
two things mifcible, the one muft exceed the mean propofed,
and the other be lefs ; therefore the queftions of Alligation in
this kind are to be worked with the numbers in the aforefaid |
column AB: For by them the degrees and qualities are dif+ |
covered, being placed as you fee in the column adjacent to A Bci

ana |
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and for diftin@&ion’s fake, thole numbers in the faid column AB,
may be called the Indices or Exponents of the degrees ; which
Indices are to be ufed in the fame manner, as the prices of
merchandizes in the queftions of Alligation Alternate, and there-
fore thofe Examples may be compared with thefe. :

203. Prop. 1. Having divers fimples whofe qualities are
known, to make a compofition or mixture of them; in fuch
manner that the quality of the medicine may be fome mean a-
mong the qualities of the fimples, and the quantity of it any
quantity afligned. ;

Example 1. An Apothecary has four forts of fimples, A, B,
C, D, whofe qualitics are as follow, wiz. A is hot in the fourth
degree, B is hot in the fecond, Cis temperate, and D is cold
in the third degree ; the queftion is to know what quantities
of each of them ought to be taken, to make a medicine,
whofe quantity may be 12 ounces, and the quality in the firft
degree of heat? Seck in the aforefaid column A, B, for the
Indices or Exponents of the qualities of the fimples given, wz.
for A which is hot in the fourth degree, take g; for B which
is hot in the fecond, take 7 ; for C which is temperate, take 53
and for D which is cold in the third degree, take 2: That
done, rank thofe numbers in the fame manner as the prices of
merchandizes in the queftions of the 13th Chap, viz. defcend
from the higheft degree of heat to the temperature, and {o pro-
ceed downwards to the degrees of cold, fetting 6 the Index
or Exponent of the mean quality propounded, which is 1 de-
gree of heat, as common to them all : Then, by crooked lines
or otherwife, conneét two fuch Indices, whereof one may be
greater than the mean, and the other lefs, and proceeding ac-
cording to Art. 171, &e. you’ll find that to make a medicine
of g ounces, and the quality refulting to be in the firft degree
of heat, you muft take 1 ounce of A ( being that fimple which
was hot in 4°.) 4 ounces of B, 3 ounces of C, and 1 ounce of
D, as will be manifeft by the proof.

) = i

ﬁ ?'tﬁ: ﬂEPraﬂf.

{9 I %*gx::g
oA ==

: :«g + Bl7xa=2
|5___,, "; C‘S}C3:IS
L 2 . Diz = 2
9 9) 54 (6

H 4 20 4.
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204. By the Rule of Propertion you may increafe the medicine
to the quantity of 12 ounces, and yet the quality to continue in
the firft degree of heat, according to the following operation.
2 Sl o IR |

§ 5
P e N e

: : 52 1of B
B 4 Jof C
:: 12 : 11 ef D

1

‘un

el L Y T
[
b

WO D OD
=
]

The Quantity affigned 32 Ounces.

By the other connexions of the qualities, other quantities of
every {imple would arife ; but that, and the method of ﬁnding
anfwers in other proportions, have been fufficiently manifelte
in the laft Chapter,

Example 2. Suppofe there are five fimples, A, B, C, D, E,
whofe qualities are as follows, wiz. A is hot in 3°, B is hotin 2°.
Cishotin 1° Dis cold in 1°. Eis cold in 3°. and it is requir-
ed to mix 4 ounces of B, with fuch quantities of the reft, that
the quality of the medicine may be temperate ?

5 e &
e g <= The Proof.
8 1 pr A 8Tt v
§? I I SHED A, S
5 6 I+ 3 '4.{; 6K Y=g
lq, '3+z+~1 6 (D 4 % 6=24
e I i B Al zaat gt 2
13 13) 65(5

Proceed as before, fo you’ll find that to make a medicine of
33 cunces, and the quality of the form refulting to be tem-
perate, you muft take 1 ounce of A, 1 ounce of B, 4 ounces of
C, 6 vunces of DD, and 1 ounce of E: Then fince the quan-
tity of B, in the compofition propofed, is limited, viz. 4 ounces,
find numbers which may be in fuch proportion to 4 (the quan-
tity of B afligned) as the numbers I. 4, 6, 1, (the quantities
of A, C, D, E, in the aforefaid compofiticn ot 13 ounces) are .
to 1 (the quantity of B in the faid compfition) in manner
following,

Oun.
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v d s aaof ounces of B.
22 42 4ofE

oo S <, M, o S

B R R
.14 4of As
I:4::4:160f C{ tobde mixed with 4
S

Tl

205. Prop. 1I. A Medicine being compounded of feveral
fimples, whofe qualities and quantities are known, to find the
degree of the form refulting, viz, the exact temperament of the
medicine,

Example 1. Suppole a medicine to be compounded of two
fimples, wiz. 6 ounces of B hot in 49, and 3 ounces of C hot
in 3°. and it is required to find the temperament of the medi-
cine, v/z. the degree and quality refulting from fuch mixture ?
Seek in the aforefaid column A B for the Indices, of the re-
fpective degrees and qualities of the fimples given, and difpofe
them orderly in ranks right againft their refpective quantities;
then mul*}r each Index by its refpetive quantity, and divide
the fum of the produéls by the fum of the quantities: So will
the quotient be the Index of the degree, and quality of the
medicine,

o |
gx%6=x54
oRe="04

9 )78(8%

So in the faid Example, the quotient will be found 82, which
is the Index of 32 degrees of heat; and therefore the faid me-
dicine is hot in 3% degrees,

Example 2. Suppole a medicine to be compounded of 4 fim-
ples, whofe qualities and quantities are known, wiz. 2 ounces
of A hotin 3°. 3 ounces of B hot in 2°, 4 ounces of C tem=
perate, and § ouncesof D cold in 4°. and let it be required
to find the quality refulting from fuch mixture. According
to the aforcfaid Rule, multiply each Index by its refpeétive
quantity, and divide the fum of the produdts by the fum of
the quantities, fo the quotient is 43, which is the Index of %
degrees of cold (for the difference between 5 the Index of the
temperature, and 4} the Index found, is § degrees of cold)
which is the quality of the faid medicine,

Ind,
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e T < g - |

i T

8 x2—16

e

5 X4 =2

I X 5= 5
14) 62 (43

Example 3. Suppofe 3 medicine to be compounded of feveral
fimples, whofe qualities and quantities are as follow, wiz. 4
ounces of a fimple which is cold in 2% and moift in 1°;
ounces hot in 3°. and (in refpe¢t of drynefs and moifture ) tem-
perate 3 3 ounces hot in 2°, and dry in 29 ; 6 ounces hot in 1°.
and moift in 4°; 4 ounces cold in 3°. and moift in 2°; the
queftion is to know the temper refulting?

In the refolution of this queftion there muft be two diftinct
operations, each of them like that in the laft Exa 5 VIZ.

1. Find in the fame manner as before, the degree and qualit
relulting from the commixture of the qualities hot and cold ;
fo you’ll difcover 5.7 which is the Index of .7; degrees of heat
(for the difference between g5, the Index of the temperature,
and 5.7 the Index found, is ;7 degrees of heat.)

£ § T B
AL 6 S
2% im0 4 %4 = 16
8 ¥ e=un Lo e T
g e 0 o 9% gi=aF
6ot bizmigh ngz 6
R ‘ 3.5 ¢ =
22) 117(5:% 22) 80(3/¥

2. Seek in the fame manner, the temper refulting from the
mixture of the qualities dry and moift ; and you’ll find 37,
which is the Index of 1 degree of moifture; fo that the qua-
lity of the faid medicine is ;% degree of heat, and 1% degree
of moifture, as by the operation is manifeft,

206, Prop. 111,  To augment or diminifb a Medicine in quality,
according to any degree affigned.

Suppofe a medicine to be compounded as follows, vz, 1 dram
of 2 fimple hot in 4°. 2 drams hot in 3°. 2 drams het in 2", 1 drim

ot
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hotin 1°. 1 dram cold in 19 and 1 dram cold in 2°, Then
will the quality of the faid medicine be in 1% degree of heat
(as is manifcft by the fecond Propofition.) Now let it be re-
quired to augment the faid medicine in quality, viz. to add fuch
a quantity of fome one of the ingredients ( or fome other fim-
ple)which may raife the quality of the medicine L degree; fo
that the temperament of the medicine after it is increafed in
quantity, may be in 2° of heat. Make choice of fuch a fimple,
the Index of whofe quality may exceed the Index of the qualit

affigned, viz, take that fimple which is hot in 3Y. whofe Index
is 8, then proceed according to the 1 Example of the firft Pro-
pofition ; fo will you find that if 1 dram of the aforefaid medi-
cine be mixed with I dram of that fimple which is hot in 29,
the temper refulting from fuch mixture will be in 29, of heat,

Laflly, By the Rule of Three, fay if 1 dram require % dram,
what fhall 8 drams (the quantity of the medicine firlt given)
require ? '

Anfw. 4 drams, So that if 4 drams of a fimple which is hot
in 39 be mixed with § drams of a medicine hot in 1% degree,
the temper refulting will be in 2°. of heat, as by the operation-
is manifeft,
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If it be required to diminith a medicine in quality, you are
to make choice of fuch a fimple, the Index of whofe quality
may be lefs than the Index of the quality affigned, and then to
proceed as before.

Here obferve, that if in queftions of this nature, the quanti-
ties of the fimples be exprefled by weights of diverfe denomina-

tions, t_he;,r muft be reduced to that weight which is of the lowelk
denomination in the queftion. '
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The augmenting or diminifhing of a medicine, in refpect of
quantity : Alfo the finding of the value of any quantity of a me-
dicine, the prices of the ingredients being known, will be fa-
miliar to fuch as underftand the Rule of Proportion and there-
fore I fhall not infift upon them.

G H A P XV.
The RuLEe of FALSE.

207. HE Rule of Falfe is always performed by falfe and
fuppofititious numbers taken at pleafure after the

propofition is made, and the queftion ftated: For things are

faid to be found out by the Rule of Falfe, when by falfe terms

fuppofed, we difcover the true terms required,

. 208. The Rule of Falfe, is cither of fingle, or double po-

ition,

The Rule of fingle pofition is, when at once, wiz, by one
falle pofition, we have means to difcover the true refolution of
the propofed queftion.

For Example: A, B, and C, determining to buy together a
~certain quantity of timber, that fhould coft them 36/ agree
among themfelves that B fhall pay of that fum a third part
more than 4, and that C fhall pay a fourth more than B. Now
the queftion is, what particular fum each of thefe parties ought
to pay of the 36/, To refolve this queftion ; firft, put the cafe
that 4 ought to pay 6/, of the 36/. and then B muft pay 8/
becaufe he pays one third part more than 4. And laftly, C
ought to pay 10/. becaufe he is to lay out one fourth part more
than B. This done, although by Addition of thefe three fums,
wiz. 6, 8, and 10, I find that I have made a wrong pofition
(their total amounting only to 24 /. which fhould have been
36/ ) neverthelefs by thofe fuppofititious numbers, 1 have the
means to difcover the true fums which the feveral parties ought
to pay: For by the Rule of Three Direlt,

1. As 24 to 36, fo is 6 to g . the part that A muft pay.

2. As 24 to 36, fois 8 to 12/. the part that B ought to pay.

3. As 24 to 36, fo is 10 to 15/ the part of the 36/, that C

muft pay.
200.
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209. Here for trial of this Rule, the total of the fums found,
ought to agree with the fum given : Soin the above Example, g,
12, and 15, being added together, amount to 36, the fum
propofed.

210. The Rule of Double Pofition, is when two falfe pofi-
tions are fuppofed for the refolution of the queftion propounded.
As in this, a workman having threfh’d out 40 quarters of grain
(part of it wheat and the reft barley) received for his labour
285, being paid after the rate of 124, for every quarter of
wheat, and 64. for each quarter of barley: Now here the
queftion is, how many of thofe 40 quarters were wheat, and
how many barley ? Firft fuppofe at random, that there were 26
quarters of wheat and 14 of barley, and find how much money
is due to the workman at the rate of 12 4, the quarter of wheat,
and 6 4. the quarter of barley ; which is 33s. (wz. 265, for
the 26 quarters of wheat, and 7s. for the 14 quarters of bar-
ley,) which he ought to have reccived, if the fuppofition were
right ; but becaufe it differs from 28 5. the true fum that he re-
ceived, keep in mind 5 the difference, which call the firft error,
or the error of the firlt pofition: Again propound for the fe-
cond pofition, that there were 30 quarters of wheat, and 10
quarters of barley; and then the fecond error will be 5 ; for
there is then due to the workman for the 30 quarters of wheat
30s. and for the 10 quarters of barley 5s. in all 355, which
differs from 28s. the true fum that he received, by 7 5. and by
thefe two falfe pofitions, together with their errors may be dif-
covered how many quarters of wheat, and how many of barle
the workman threfh’d, as fhall be further explained as follows.

211. In the Rule of Double Pofition, having drawn two lines
acrofs, and placed the terms of the falfe polition, (wiz. thofe
that have the fame denomination) at the uppermoft end of that
crofs, as alfo each error under its refpective pofition at the
lower end of the fame crofs, multiply each error by the contrary
pofition ; that is to fay, the fecond error by the firft pofition,
and the firft error by the fecond pofition ; this done, when both
the errors are of one and the fame kind (wiz. both excefles or
both defeéts) fubtraét the lefs produét out of the greater, and
then the remainder is your dividend : But if the errors be of dif-
ferent kinds, (viz. one of them an excefs, and the other a de-
fe&t) add thufe produéts together, and the fum will be your
dividend, which ir you divide by the difference of the errors,
(when they are of one and the fame kind ) or by their fum
(when they are of different kinds) the quotient will give you
the number you look for, having the fame denomination with
the falfe pofitions placed at the upper end of the crofs,

92 E A'ﬂﬂ{pff
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Example 1. "T'he above queftion being again propofed, place
thefe terms, viz. 26 (having the denominarion of the quarters
of wheat in the firft pofition) and 30 (having the fame denomi-
nation in the fecond pofition) at the upper end of the crofs: As
alfo 5 and 7 the two errors refpectively under them at the lower
end of the fame crofs, as you may fee it exemplified by the fol-
lowing pattern.

182——150

26 30
(16
2\
L ottt

This done, having multiplied 26 by 7, the produ& is 182,
and likewife 30 by 5, the produét is 150, which being deduéted
out of 182 (becaufe the errors here are both of the fame kind,
that is, are each of them an excefs above 285. the fum that the
workman receiv’d,) the remainder is 32, which being divided
by 2 (the difference between 5 and 7 the two errors,) leaves in
the quotient 16, for the quarters of wheat that the workman
threfh’d, whofe complement to 40, wiz. 24, are the quarters
of barley, that he likewife threfh’d ; fo the workman receivin
28s. for his wages in threfhing out 40 quarters of grain (being
part wheat, part barley) at 124, the quarter of wheat, and 64,
the quarter of barley ; threfh’d in all 16 quarters of wheat, and
24 quarters of barley.

Lxample 2. The fame queftion being again propounded, fup-
pofe for the firft pofition that there are 8 quarters of wheat, and

2 quarters of barley, and then the firft error will be 4 5. for
g;. being accounted for the § quarters of wheat, and 16 s, for
the 32 quarters of barley, make in all 24 5. which want 4 5. of
28s. the fum received: Again fuppofing that there are 12
quarters of wheat, and 28 quarters of barley, the fecond error
will be 25. for 12 5. being allowed for the 12 quarters of wheat,
and 14s. for the 28 quarters of barley, the fum is 26 5. which
comes 2 5. thort of 284, the right fum: Now then, 8 being
multiplied by 2, the produ is 16; likewife 12 by 4 produces

48,
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48, out of which if you deduét 16 (becaufe the errors in this
cafe happen to be both defets under 28 5. the fum received,)
the remainder is 32, which being divided by 2 (the difference
of the errors) gives you in the quotient 16, vz, the quarters of
wheat, as before.

1648

Example 3. The fame demand being the third time produced,
take for the firft pofition 10 quarters of wheat, and 30 quarters
of barley, and then proceeding as before, the firft error will
prove 35. which upon that pofition is wanted of 28 s, the right
fum : Again, for the fecond pofition take 26 quarters of wheat,
and 14 quarters of barley, and then the fecond error will be s5s.
by which that pofition exceeds 285, the true fum : Now multi-
plying 10 by 5, the product is 50, and 26 by 3, the produtt is
78. And here (becaufe the errors are of different kinds, one of
them being a defe@, 2nd the other an excefs) add 50 and 78
the two products together, whofe fum is 128, which being di-
vided by 8, the fum of 3 and 5.the two errors, gives in the
quotient 16, for the quarters of wheat, as before in the former
refolutions: So that what pofitions foever you take in this
queftion, you will always find, that the workman threfh’d 16
‘quarters of wheat, and 24 quarters of barley, which is the refo-
lution of the queftion propounded.

50 + 78
10 29
128
(16
8
2 i 5

212,
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212. Here the proof is the fame with the procefs ufed in find-
ing out theerrors: So in the Example premifed, 16 and 24 be-
ing the numbers found, and 165 being allowed for the 16
quarters of wheat, likewife 12 5. for the 24 quarters of barley,
their fum is 285, which was the fum received by the work-
man.

Example 4. A certain man being demanded what was the
age of each of his four fons # Anfwered, that his eldeft fon was
4 years older than the fecond; his fecond was 4 years older
than the third ; his third fon was 4 years older than the fourth,
or youngeft; and his fourth or youngeft was half the age of the
eldeft: The queftion is, what was the age of every fon? Here

uefs the age of the eldeft fon to be 16, then it may be in-
ferr’d from the queftion, that the age of the fecond fon was 12,
the age of the third 8, and the age of the fourth or youngeft 4;
this four thould be half 16 (for the queftion fays, that the age of
the youngeft was half the age of the eldeft) but it wants 4
thereof ; wherefore I make a fecond pofition, and take 20 for
the age of the eldeft, then the age of the fecond muft necef-
farily be 16, the age of the third 12, and the age of the fourth
8, which thould be half 20, but it wants 2: Now (according
to the Rule) multiplying 16 (the firft pofition) by 2 (the fecond
error) the product is 32: Alfo multiplying 20 (the fecond po-
fition) by 4 (the firft error) the product is §o, and becaufe the
errors are both of one kind, to wit, both defetive ; I fubtraét
the lefler produét from the greater, fo the remainder is 48 for a
dividend ; alfo fubtracting the lefler error from the greater, the
remainder is 2 for a divifor: Laftly, dividing 48 by 2, the quo-
tient is 24, and fuch was the age of the eldeft fon; therefore
the age of the fecond was 20, the age of the third 16, and the
age of the fourth 12 ; which is half the age of the eldeft as was
declared by the queftion.

32——380

16

CHAP.
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CoH. AP XV,
Of Prime and Compofite NuMBERS.

213. NE Number is faid to meafure, or be a Meafure of

another, when it is contained in it a certain number
of times precifely ; fo that being taken out of it as often as pof-
fible, there fhall nothing remain over. Thus, 4 meafures 123
becaufe it is contained in it precifely 3 times, Obferve alfo,
that one number is faid to meafure another by that number
which is the quotient: So 4 meafures 12 by 3; and reciprocally,
3 meafures 12 by 4 : And hence any number with the quote,
by which it meafures another, may be called the reciprocal
meafure of that other number,

214. A number is called the common meafure of two or more
numbers, when it meafures each of them ; fo 3 IS a common
meafure of 6, 9, 12. And if it is the greatelt number that
meafures them, it is called their greateft common meafure ; as
unity is their leaft. _

215. A lefler number is an aliquot part of a greater, when
the lefler exactly meafures the greater ; and the greater is then
called a multiple of the lefler. Thus 4 is an aliquot part of 12,
and 12 is a multiple of 4.

216. A lefler number is an aliquant part of a greater, when
the lefler doth not exaétly meafure the greater. Now g is an
aliquant part of 12, becaufe 2 times 5 is 10, and 3 times 5 is
15 5 and confequently 5 doth not exaltly meafure 12,

217. A number is called a prime number, which has no
meafure but itfelf and unity ; and which confequently is the
product of no other numbers. So 2,3,5,7, &% are prime
numbers. .

218. A compofed number, is that which fome number mea-
fureth, as 4, 6, g, 10, 12, &7c. .

219. Numbers prime to one another, are fuch as have no
other common meafure but an unit. Thus r5and 32 are prime
%o each other ; for though 5 and 3 will meafure 15, yet neither
§ nor 3 will meafure 32,

220. Numbers compofed to one another, are fuch, as have
fome number for their common meafure. So 15 and 21 are
compofed to one another, for 3 will meafure 15 by 5, and 21
by 7.
" 1?21. All even numbers, except 2, are compofite. But of
©dd numbers fome are prime, as 3> 55 7 ; and fome compolfite,
" 1 a3
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as g, 15, 21: And fince the feries of even and odd numbers
comprehend all numbers, it follows, that

222, All prime numbers are odd, except the prime 2.

223. If a number meafures each of two or more feveral num-
bers, it will meafure their fum : And if it meafure them all
but one, it cannot meafure the fum.

224. If a number meafures the fum of two numbers, and alfo
meafures one of thofe numbers, it will meafure the others or,
if it meafures the fum of feveral numbers, and alfo each of the
parts but one, it muft meafure that one alfo.

225. The number A, that meafures another B, meafures
all the numbers that B meafures, 7. ¢. all the multiples of Bj
and what is meafured by A, is fo by all the aliquot parts
of A.

226, No even number can meafure any odd number.

22n. If one number A, meafures each of two other numbers
B and C, it will alfo meafure the remainder after B is taken out
of C as oft as poflible.

228. Of whatever fa@ors any number is compofed by Mul-
tiplication, it is refolvable into the fame by Divifion, 7. & it is
meafurable by each of thefe factors, or the product of any two
or more of them.

229. If the two right-hand figures of any number are mea-
furable by 4, the whole number is meafurable by 4.

230. If the three right-hand figures of any number are mealur-
able by 8, the whole is meafurable by 8.

291, If the fum of the digits or figures, conftituting any num-
ber, is a multiple of 3 or g, then the whole number is 2 mul-
tiple of 3 or g.

242, If the right-hand place of any number be a cypher, or
5, the whole is a multiple of 5.

233. If the right-hand place of any number be a cypher, the
whole is a multiple of ro0.

234. If 2 number cannot be divided by fome prime num-
ber, not greater than the fquare root thereof, that number is 2

rime.
5 235. The unit’s place of all prime numbers, except 2 and
5, muft be filled by one of the following digits 1, 3, 7, 0r 9 4
for all even numbers, and thofe which end with the digit 5,
are compofed.

236, To find which of the odd numbers ending with 1, 3,
7y OF Gy under 1000, are primes; and to find the component
parts of the reft, from fuch a Table as the following, the
problem may be eafily folved; for if any number not divifible

by 2 or §, and not exceeding the given @umber 1000, be
; fought
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fought in the Table thus, viz. the hundreds at the top or bot-
tom, and the tens and units in the margin; then under the
hundreds, and on a line with the tens and units, will be found
P, if the number bea prime; or its leaft component prime, if
the number be compofite.

Then divide the number by its leaft component prime, and
ufe the quotient in like manner.

So 829 is found to be a prime ; and 483 is found to be divifi-
bleby 3: Now 483 divided by 3, quotes 161, which by the
Table is a multiple of 75 and confequently 161 divided by 7,
quotes 23, which is a prime ; whence the component primes
of 483, are 27523

237. But to make this table ufeful for all numbers under
1000, let even numbers be divided by 2 continually, as oft as
poflible ; and let thofe numbers which end in 5, be divided by
5 as oft as poffible, and the refult fought in the Table, as be-
fore.

Thus, if 616 be divided by 2 three times, it quotes 77,
which by the Table gives 7 for a meafure, and the quote is 11,
which by the Table is a prime; con fequently the component
primes of 616, are 2, 2, 2, B e

Again, 435 divided by 5, quotes 87, which by the Table
 gives 3 for a meafure, which quotes 29 a prime ; whence 435
|15 compofed of s, 3, 29.

238, The caleulating of fuch a Table being not difficul, I
fhall next fhew the method of performing it.

. Let the paper be firft ruled with as many columns, as the
| limiting number contains hundreds ; then number the hundreds
at top and bottom, and the tens and uits in the margins.
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Firfl, Then in the place of the firft odd prime 3, put P ;
and then raife 3 to all its powers under 1000, the number
given, and in their places put 3.

- Secondly, The next odd number is 5, which is pafled by, be-

caufe its multiples end in s.

Thirdly, The next odd number is 7, whofe place is yet va-
cant, and is therefore to have P in it ; then multiply the num-
bers belonging to every place that is filled by 7, except fuch as
give produts greater thun the limiting number, and in the
place of the produdt put the figure that was in the place of the
multiplicand, or elfe the multiplicand itfelf, if it be a prime.
Then in the place of the {quare of 7, put 7; and by that fquare
multiply the fame multiplicands, putting in the places of the
produdts as before.  Alfoin the places of the powers of 7, put 7,
and by thefe powers multiply the fame multiplicands, putting
in the places of the produéts as before,

Fourthly, 'The next odd number is g, whofe place is filled,
and therefore to be pafled over. :

Fifthly, The next odd number is 11, whofe place is yet
vacant, and is therefore to have P in it; then by 11, multiply
the numbers belonging to every place that is filled, except
fuch as give products greater than the limiting number, and in
the place of the product, put the figure that was in the place
of the multiplicand, or clfe the multiplicand itfelf, if it be a
prime ; then in the place of the fquare and other powers of
11, put 11; and by the fquare of the other powers of 11, mul-
tiply the fame multiplicands, putting in the places of the pro-
dutts, as before, and foufe 13, 17, 19, 23, &¢. omitting 15,
2F, 25, 27 B,

239. To reduce any number given into its component
primes,

Rule. Divide the number given by 2 continually as oft as

poffible, without a remainder, and a refult by 3 as oft as pof-

~ fible, and this lait refult by 5, 7, 11, 13, and all the prime num-

. bers, ’till there arife a quotient lefs than the divifor ; and then

- the divifors and the laft dividend are the primes, compolfing the
. number given.

Examp. 1. Reduce 122760 to its component primes,

I3 )
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2)122760
2)61380
30690
3)15345
3)5115
5)1705
11)341

31
Anfwer 2,2,2,3,3,5,11,31.

B

|

In the operation I have omitted the divifion by 7, becaufe it
would not meafure 341 ; and afterward omitted dividing by 13
and 17, becaufe they are not aliquot parts of 31.

Examp. 2. Reduce 360 to its conftituent primes.
2) 360
2) 180

i

2) g9

E———

4
3) 1

—
n

|

Ln"'-ﬂ

Anfwer 2,2,2,2,3,5-

240. To find all the juft divifors of any number.

Rule. Make as many columns as there are different com-
ponent primes in the given number : And at the head of each
column place each prime, and where there are more than one
prime of the fame fort, place in the fame column the powers
of that prime, till the index of the Jaft power be the number of
thofe like component primes ; laftly, multiply every number
in the firft column by every number tn the fecond, placing each
produt in the fecond ; and then every number in the firft and
fecond by every number in the third, placing each product in
the third, and fo with the 4th, 5th, &' columns, till all are
thus ufed.

And fo fhall all the numbers in thefe feveral columns, be all
the divifors required.

Example.
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Example. Find all the juft divifors of 360,

2) 360 alhnez b5
A 4' P
2) 189 81 9} 10
2) go 6| 20
12 | 40
3) 45 Rt
o 241 1
i 1 — 42
m— 18—
5) 5 20
AR 26 | 60
. 72 {120
._..H;..
180
360

e —

Anlwer 2,3, 4, 55 6,8, 9, 10, 12,15, 13, 20, 24, 30, 36,
40, 45, 60, 72, 90, 120, 180, 360.

241. To find all the aliquot parts of any number given : Find
all the juft divifors of the number given by Art. 240. excluding
the number itfelf, which divifors with unity are all the aliquot
parts.

So, all the aliquot parts of 360, are 1, 2, 3, 4, 556, 8, 9,
10, 12, 15, 18, 20, 24, 30, 30, 40,45, 60, 72, 90, 120, 180,

242. A number which can be meafured by two or more
numbers, is called their common multiple; and if it be the
leaft number that can be fo meafured, it is called their leaft
. common multiple.

243. To find the lealt common multiple of two, or more
given numbers,

Rude. Set down the given numbers on a line, and divide them
feverally by 2, 3, or any other number which will meafure two
or more of them, and place their quotes with the numbers not
divided on a line beneath ; divide them continually by the fame
or any other numbers, till the refults be units, referving theit
feveral divifors: which divifors multiply into each other con-
tinually, and the produt fhall’be the number fought.

Note, If the numbers are prime to each other, then the con-
sinual produét of the given numbers will be their leaft common

multiple.
T4 Examp,
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The Doclrine of Fulgar Frattions.

Gkl Poo - XVIE

NoraTIioN ¢f VurcArR FrRAacTIONS.

244. HE Doétrine of Frattions depends upon this fuppo-

fition, that unity, or at leaft one whole thing, what-
foever it be, may in mind be conceived divifible into any num-
ber of equal parts. Some will not allow 1 or unity to be a
number, when it is confidered in the abftra&, and feparated
from matter: But fince that prince of Arithmeticians, Dispban-
tus of Alexandria, in feveral of his fubtil problems mentions
unity as a number, and propounds it to be divided into num-
bers; I fhall take the like liberty to efteem 1 or unity asa
number, and likewife fuppofe it divifible into any number of
equal parts,

245. A broken number, otherwife called a fraction,  is only
part of an integer or whole number, as if you would exprefs in
figures the length of a piece of cloth, that contains three fourths,,
or (which is all one) three quarters of a yard, you may write
it thus 2 5 that is, an entire yard being fuppos’d to be divided
into four equal parts, the length of the piece propofed is three
of thofe four parts: In like manner, (a foot being divided into
12 inches) you may write 6 inches thus ¢ that is, fix twelfth
parts of a foot; or if the foot be divided into one hundred equal
parts, to exprefs twenty-five of thofe parts, fet them down thus
55 that is, twenty-five hundredth parts of a foot,

246. A fraction confifts of two parts, the Numerator and
the Denominator, which are placed one above the other, and
feparated by a little line,

247. The Numerator is the number fet above the line, and
the Denominator is the number placed un-
derneati: So in the aforementioned frac- 3 Numerator.
~ tion 3, the number 3 placed above the line
“is the Numerator, and the number 4 fet
under it is the Denominator. Alfo in this fralion 5., the Nu-
merator is 0, and the Denominator is 12. The Denominator

15

4 Denominator,
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is fo called, becaufe it denominates or declares into how many
equal parts the integer or whole number is (uppofed to be di-
vided ; and the Numerator is fo named, becaufe it numbers or
exprefles how many of thefe equal parts of the integer are figni-
fied by the fraction,

248. If two fra&ions have the fame denominator and diffe-

rent numerators, that fraGtion is the greater whofe numerator is

the greater: But if two fractions have the fame numerator and
different denominators, that fraction is the greater whofe deno-
minator is the leaft; for the fewer the partsare, into which the
whole is divided, the greater muft one of thofe parts be.

249. Hence by multiplying the numerator, the fraction will
be multiplied ; and by dividing the numerator the fraction will
be divided.

For inftance, if the fra&ion %, be propofed, and its numera-
3xXD B

— — is plainly the

tor 3 be multiplied by 2, the product Sis

double of .

And if, in the fame fraGion, the numerator 3 be divided by
3, the quotient % is evidently the third part of Fg.

250. Alfo by multiplying the denominator the fraction will
be divided, and by dividing the denominator the fration will
be mU.ltiPllEd- ;

For example, if 12 the denominator of the fradtion % be
multiplied by 3, the produ@ (%5 =) 5% is the third part
of -

by 2, the quotient (3 =) & is the double of Z;.

251. But if both numerator and denominator, be multiplied
or divided by the fame number, the fraction arifing will be of
the fame value.

252, A fraion is either proper, or improper.

233, A proper fration is that whofe Numerator islefs than

And if, in the fame fraQion, the denominator 12 be divided

the Denominator; fuch are the fradtions before-mentioned

3y s T'ss and the like,

254. A proper fra&tion is either fingle, or compound.

255. A fingle fra&tion is that which confifts of one Numera-
tor, and one Denominator ; fuch are 4,5, & and the like.

A fingle fration often arifes in divilion of whole numbers,
for when the divifion is finifhed, if any number remain, it is
to be efteemed as the Numerator of a fraion, which has the
Divifor for a Denominator, and is to be annexed to the integer
or integers in the quotient, as part of the quotient ; which
fraGion always exprefles certain parts (or at leaft a part) of an
integer or entire unit,which has the fame denomination with one

I of
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of the integers in the quotient: So if 17 pounds be given to be
equally divided among 5 perfons, there will arife 3 entire pounds
in the quotient; and there will be a remainder or

furplufage of 2 pounds, which 2 is to be placed, 5) 17 (32
as the Numerator of a fration, over the Divifor

5 asa Denominator; fo will the fradtion be %, and the com-
plete quotient will be 3%, that is 3 pounds and 2 fifth parts of
2 pound for every perfon’s fhare, .

A fingle fraltion does likewife arife, when a lefler whole
number is given to be divided by a greater; for in fuch cafe
the Dividend is to be made the Numerator of a fra&ion, and
the Divifor the Denominator 3 which fraétion is the true quo-
tient, and always exprefles certain parts (or at leaft a part) of
an integer, which has the fame name with the Dividend, ~So
if 3 pounds Sterling be given to be divided equally among 4
perfons, the fhare of each, that is, the quotient will be 3, to
wit, 2 fourth parts of a pound.

In like manner, if g be given to be divided by 8 the quo-
tient is §; fo that the Numerator of a fra&ion is always a
Dividend, the Denominator is a Divifor, and the Fra&ion it-
felf is the Quotient,

256, A compound Fra&ion (otherwife called a Fra&ion of a
Fradtion) is that which has more Numerators and Denomina-
tors than one, and may be difcovered by the word . of')
which is interpos’d between the parts of fuch compound Frac-
tion: So %, of Zis a Fration of a Fra&ion, or compound
Fraction, and exprefles two thirds of three fourths of an in-
teger, wz. a pound Sterling being fuppofed the integer, and
firlt divided into four parts, three of thofe four parts are equal
to 155. Again, if the faid 155, be divided into three parts,
two of thofe three parts are equal to 105. therefore the com-
pound Fraction 3 of 3 of a pound Sterling does exprefs 10 5.
In like manner, the compound Fraéion % of 2 of 4 of a pound
Sterling, that is, one fourth of three fourths of four fifths of a
pound Sterling exprefies 35, as will be manifefted hereafter.

257. An improper F%-aé":ion 1s thar, whole Numerator is
either greater, or at leaft equal to the Dénominator: So this
Fraction ', that is 16 fourths, is called an improper Frac-
tion, and fo is this £; and a Fraétion of this kind may well
be furnamed improper, becaufe it will not admit the definition
of a true Fra&lion ; fince it is always greater than an entire
unit, or at leaft equal to it; fo fixteen farthings, or 15 of a
penny are equal to 4 entire pence ; and 4 farthings or 2 of a
penny are cqual to 1 penny @ Therefore when the Numerator
’ is
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is greater than the Denominator, fuch improper Fraction fig-
nifies more than 1 or an integer ; but when the Numerator 1s
equal to the Denominator, (be it what number foever) fuch
improper frattion is always equal to unity, or 1 integer,

258. A mixt number conlifts of entirc units (or integers) or
at leaft of unity (or 1 integer) and a fraction annexed: Thus
§1L, 13, and fuch like, are called mixt numbers: So that if a
piece of timber be five feet and eleven inches in length, you
may write that length thus, 577 ; in like manner, one mile and
three quarters or fourths of a mile may be exprefled thus 13.

C I AP XAV

RepuctioN of ViLcAR'FRACTIONS.

259. HE fame parts of Numeration, as have been work’d

in whole Numbers in the preceeding Chapters, are
likewife to be performed in Frations: But firlt of 2ll Reduc-
tion of Fraions in diverie kinds muft be known, which being
the principal fkill in the Doctrine of Fractions, ought to be
diligently obferved by the learner,

260. T'wo numbers being given, their greateft common Di-
vifor, that is, the greateft number which will meafure or divide
each of the numbers given without leaving any remainder,
may be found out in this manner, viz, Divide the greater num-

ber by the lef, then divide the Divifor by the remainder ( if

there be any) and fo continue dividing the laft Divifors by the
remainders, until there be no remainder (neglecting the quo-
tients;) fo is the laft Divifor the greateft common Divifor to
the numbers given,

Thus, if the greateft common Di-
vifor to the numbers g1 and 117 be gI) 117 (I
fought, divide the greater number g1
117 by 91, the remainder is 26 ; by
which dividing g1, the remainderis13; 26) 91 (3
by which dividing 26 the remainder is 78
0; fois 13 the greateft commonDivifor
to the numbers 117 and 91, as is ma- 13) 26 (2
nifeft from dividing cach of them by 26
13; for 13is found in gr precifely ,
2 times, and in 117 precifely g times, 0
In like manner 29 will be found a

commeon
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common Divifor to 116 and 1453 and 51 a common Divifor
to 561 and 612.

261. A fingle Fraltion may be abbreviated or reduced into
the lealt terms, by dividing the Numerator and Denominator by
. their greateft common meafure (or Divifor;) for the quotients
will be the Numerator and Denominator of a Fra&tion equal to

the former, and in the lealt terms. .
So if the Fra&ion %% be given to be reduced into the leaft

terms, fearch out the greateft common Divifor to g1 and 117
by the laft Rule, which will be found 13, and then dividing gx
by 13, the quotient will be 7 for a new Numerator; alfo
dividing 117 by 13, the quotient will be 9 for a new Deno-
minator : So the fraction %% is reduced into the leaft terms,
wiz. into the fraltion Z, In like manner 1% will be reduced

i

to4.  And 3%1 to 11: DBut here you an:gu obferve, that if
the greateft common Divifor to the Numerator and Denomina-
tor be 1, fuch fradtion isin its leaft terms already: So the
fraction ' cannot be reduced into lower terms, becaufe the
greateft common Divifor will be found 1; the like may hap-
pen to infinite others : And though the laft be a general Rule
for Reduétion of Fractions into their leaft terms, yet there are
other praclical Rules, which in fome cafes will be more ready,
(efpecially to beginners) viz.

262. When the Numerator and Denominator are even num-
~ bers, they may be meafured or divided by 2. Therefore in
fuch cafe you may take the half of the Numerator for a new
Numerator, allo the half of the Denominator for a new De-

rominator, Soif 18 begiven, draw at length

the line which feparates the Numerator from 16| 8| 4] 2] 1
the Denominator, and crofs the fame witha —j—|—|—|—
down-right f{troke near the Fradtion, as you ©€4]32|16] 8| 4

may fee in the Margin ; then take the half
of 16, which is 8, for a new Numerator, and the half of 64,
which is 32, for a new Denominator : Again, the half of 8 is
4, for a new Numerator, alfo the half of 32 is 16, for a new
Denominator ; and proceeding in the like manner, there will
be found } equivalent to 1S, i

263. ‘irhgn the Numzratnr and Denominator ES 45____9;_
each of them end with 5, or one of them ends g
with 5, and the other ‘with a cypher; they may 475195119
be both meafured or divided by 5. So 223, will
be reduced into 5 2, and _52. into %, as by the ope-
ration in the Margin is manifeft,

sclio] 2

[ ol [m—

425{85|17




126 Reduélion of Vulgar Fractions. Chap. XVIII,

264. Whenever you can find any other number, which
will exaétly divide the Numerator and Denominator (though
it be not the greateft common Divifor) you may
divide the Numerator and Denominator by fuch 28| 7| x
number as before: So 2% may be firft reduced to = -—|—|—
+r by 4, and ;% may be reduced to § by 7, as by 84|21 3
the operation is manifeft,

265. When the Numerator and Denominator, 4 06
each of them end with a cypher or cyphers, cut “loo
off equal cyphers in both, and the Frattion will
be reduced to leffer terms: So 422 is reduced to £, _71°0
and %% 10 5. gcjoo

. 5 2
266, An expreflion of the following form, viz. < Rt At
: 30X 18 Xi4

which denotes the continual product of 4, 21, and 15 divided
by the continual produét of 30, 18, and 14, may be abbre-
viated, by dividing any of the factors or parts of the Numerator
and Denominator by fome number that is a common mea-
fure of thofe parts: Thus becaufe 2 will meafure 4 (a part of
the Numerator) and 14 (a part of the Denominator) the Frac.

2% 2T XI5

tion will be reduced to ; and becaufe 5 will mea-
30X 18X 7
fure 15 and 30 it will become %}g, alfo becaufe 3 will

meafure 21 and 18 it will be ME Now fince the number
bx6x7

7 is a faltor in both Numerator and Denominator, it may be

9.3
farther reduced to 223 ; and {ince 2 a part of the Numerator

6x6
will meafure 6 a part of the Denominator it will become
X3 ; et IXI I
—'; and becaufe 3 will meafure 6 it will be L
3x6 ANE 6

T hus,

"
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12 X 35
49 X 40
Bet: §
7 X 40
12X I

7% 8
g% I

Thus, if it were required to abbreviate

1. Dividing by 7 reduces it to

2, Dividing by g reduces it to

3
7 X 2> % 14

3. Dividing by 4 reduces it to

But the operation may be performed much fhorter by can-
celling the figures that are divided, and writing the quotients
of thofe divifions either above or below them: Thus, in the
laft Example after dividing by 7,

12 X 28
49 % 40
7

the Fra&ion might fland thus

b ¢

.4
12 X2y

49 x 48
7

After dividing by s, thus

T = 0O

3
Ap %3530 3

fgxgp 7%z 14
7

And after dividing by 4, thus

b -oa

15 X7% ng:, &
28 X 45 X33
refult with all the figures ufed in the operation will ftand as

Suppefe it were required to abbreviate

I I I
3. XY @
Xgxqf %38
follows e xirxzz—

g X
S

I
H: I"
I

267.
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267. The value of a fingle fration in the known parts of
the integer, may be found out in this manner, viz, multiply
the Numerator of the Fraétion propos’d, by the number of
known parts, of the next inferior denomination, which are equal
to the integer, and divide that produét by the Denominator, fo
is the quotient the value of the Fraétion in that inferior deno-
mination ; and if there happen to be any Fraction in the quo-
tient, you may find the value of it, in the next inferior denomi-
nation, by the fame Rule, and o proceed till you come to the
leaft known parts.

So the value of -2 of a pound Stetling will gg
be found 115, 34. viz. multiply the Nume- ————e
rator g by 20 (tge number of ﬂ']:illings which 16) Ifg (11
are equal to 1 pound Sterling) the produét is
180, which being divided by the Denomina-
tor 16, the quotient is 114% fhillings. In .zg
like manner, the value of % of a fhilling .
will be found 3 pence; for multiplying the ot
Numerator 4 by 12 (the number of pence I‘:

in a fhilling) the product is 48, which being B o
divided by the Denominator 16, the quotient 16) 48 (3
is 3 pence. Alfo the value of 7; of a pound 48

Sterling, wiil be found 105, gd. o

268. A mixt number may be reduced to an improper Frac-
tion equivalent to the mixt number, in this manner, wiz. mul-
tiply the integer or integers in the mixt number, by the Deno-
minator of the Fraction annexed to the integer or integers, and
unto the produét add the Numerator of the {aid Fraétion ; fo
is the fum, the Numerator of an improper Fraftion, whofe
Denomipator is the fume with that of the faid Fraétion an-
nexed, :

- So4 2! will be reduced to the improper Fra&ion £2 for 4
being multiplied by 12 the product is 48, to which adding the
Numerator, 11, the fum 1s 59 for a new Numerator, which be-
ing placed over the Denominator 12, gives the improper Frac-
tion }2; which isequivalent to 4% (as will appear by Art.
271.) In like manner 73 will be reduced to %2,

269. A whole number is reduced to an improper Fraction,
by placing the whole number given as a Numerator, and 1 as
a Denominator, :

So 14 integers will be reduced to the improper Fra&tion '%,
and one integer to the improper Fraétion X.

270,
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270. A whole number is reduced to an improper Fration,
which fhall have any Denominator affigned, by multiplying the
whole number given by the Denominator afligned, and placing
the produét asa Numerator over the faid Denominator,

As, if 13 be given to be reduced to an improper Fra&ion,
whofe Denominator fhall be 4, multiply 13 by 4, the produt
is 52, which being placed over 4, gives the impr;per Frattion
¥ equivalent to 13 (as will appear by the next Art.) In like
manner 13 may be reduced to 9%/,

271. An improper Fra&ion may be reduced to its equivalent
whole number, or mixt number, in this manner, viz. divide the
Numerator by the Denominator, and the quotient will give
the whole number or mixt number fought: So the improper
Fradtion 52 will be reduced to this mixt number 41X ; for if
99 be divided by 12 the quotient is 41%. Alfo this improper
Fradtion 5? will be reduced to the whole number 13,

272, Fra&ions having unequal Denominators, may be re-
duced to Fractions of the fame value, which fhall have equal
Denominators, by this Rule and the next following, viz. when
two Fractions having unequal Denominators, are propofed to
be reduced into two other frations of the fame value, which
fhall have a common Denominator ; multiply the Numerator
of the firft Fra&ion (that is either of them) by the Denomina-
tor of the fecond, and the produét fhall be a new Numerator
(correfpondent to the Numerator of that firft Fraétion ;) allo
multiply the Numerator of the fecond Fration by the De<
nominator of the firft, the preduét is a new Numerator (cor-
fefpondent to the Numerator of the fecond Fradlion ;) laftly,
multiply the Derominators one by the other, and the product
is 2 common Denominator to both the new Numerators,

Thus, if the Fra&tions % and 4 be propofed, mul-
tiply 2 by 5, the produét 10 is a new Numerator
correfpondent unto 2: Alfo multiply 4 by 3, the
produét 12 isa new Numerator correfpondent to 4:
Laftly, multiply 3 by 5, and the produét 15 willbe 10 12
2 common Denominator to the new Numerators:
So the Fractions 12 and % are found out, which
‘have equal Denominators, and each of thefe new
Fralltions is equal to its correfpondent Fration firft 15
- given, viz, 12 is equal to %, and 12 is equalto 4; as
B i e ;

273, When three or more Fra&ions having unequal Deno-
minators, are given to be reduced to other Fraétions of the
fame value with thofe given, but fuch as fliall have one com-

mon Denominator ; multiply continually the Numerator of the
frft

[oow
oo

[ o
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firft Fra&ion into all the Denominators, except its own, 7. &
the Denominator of that Fradtion ; and referve the laft produdk
for a new Numerator, inftead of that firlt Numerator: In like
manner, multiply continually the Numerator of the fecond
Fraction into all the Denominators, except the Denominator of
the fecond Fra&ion; and referve the laft produét for a new Nu-
merator, inftead of the fecond Numerator: Proceed in like man-
ner to find out new Numerators for the reft of the given Fractions,
Laftly, multiply continually all the Denominaters one into an-
other, and the laft produét will be a common Denominator to
all the new Numerators, .

As for Example, if thefe three Fraltions 1, %, 5, having un-.
equal (or different) Denominators, be given to be reduced ta
three other Frations of the fame value, which fhall have equal
Denominators, (or one common Denominator.) Firft, mul-
tiply continually the firft Numerator 3 into
the fecond and third Denominators 5 and 75 ,¥. .5 .1lo
faying 3 times 5 makes 135, which multiplied 2¥¢ =89 =30
by 7 produces 105, for a new Numerator inftead of the firft
Numerator 3: Secondly, multiply continually the fecond Nu=
merator 2 into the firft and third Denominators 8 and 7 ; fay-
ing twice 8 is 16, which multiplied by 7 produces 112, for
a new Numerator inftead of the fecond Mumerator 2: Thirdly, |
multiply continually the third Numerator § into the firlt and
fecond Denominators 8 and §; faying, 8 times 5 makes 40y,
which multiplied by 5 produces 200, for a new Numerator ins
{tead of the third Numerator §: Fourthly and laftly, multiply’
continually all the Denominators 8, 5, and 7, one into ano-~-
ther ; faying, 8 times § makes 40, which multiplied by 7 pro=«
duces 280 for a Denominator to each of the three new Nume-+
rators 105,. 112, and 200, before found out: And fo thefe
three Fractions 23, 1§32, and 2532 are dilfcovered, which haves
one common Denominator 280; and every one of them is
equal in value to its correfpondent Fraction firlt given, wiza
105 isequal to 3: Alfo 252 is equal to 2 ; and 233 is equal tal
3 3 as may eafily be praved by Art. 261, 1

After the fame manner, thefe four Frations %, §, 2, and 3.
are reducible to thefe 342, 3232, 232, and 323, which have 360
or a common Denominator; and are equal in value refpec-
tively to the four Fradtions given to be reduced.

o Notey Although by the aforegoing Art. 272. and 273. any
multitude of Fractions may be reduced to a common Denomii
nator; yet becaufe Fraions in their leaft terms are fitteft for
ufe, I fhall thew how lefler Denominators than thofe that arf|

difcovered by the faid Rule, may frequently be found out.

3 2 5
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274. When 2 or more Fraltions having unequal Denomi-
nators, are given to be reduced to other equal Fractions having
the leaft common Denominator poffible; find by Art. 243. the
leaft common multiple of all the given Denominators, fo fhall
that be the common Denominator required.

Divide the faid cothmoni Denominator feverally by the Des
hominators of the given Fractions, and multiply each Numera-
tor refpectively by the quotient arifing from its own Denomi-
nator, and the products will be the Numerators required.

Examp. 1. Reduce o°; and ; to equivalent Fra&ions, having

the leaft common Denominator poffible.

By Art:243.6| 12 . 18 Therefore 6 x 2 x 3 = 36 the
- s common Dencmunator.

2 215y
3 . I : 3

- R
Then 33 = '3.. And 38 =3, | :
And (3x5=)15. And(7x2=) 14; are the new Nu-
merators,

- Therefore 15 and 14 dre the Fra&ions required.
Examp. 2. Reduce 2.3 2, 7 . 1%and 1.} to equivalent Fraca

fions having the leaft common Denominator poffible.

g SRR TR RE T 1S

- A

i sl R T SRR (AR

Sa

2 BOED IO
— - - -
2 Ii izl 112’

I it

Therefore 3 x 3 x 2 %2 =36 is the common Denotnis

patot,

Then 36 divided feverally by 3. 6. ¢.12. 18 and 36,
&;ill quote ——— 12, 6. 4. 3. 2and 1.

hich Quotients multiplied z_
~ refpectively by - 2 S 4 ot ,? - 1}:4pd fzf
Produce the new Numerators 24.30. 16,24 .22and 13,
~ And 3£.32.18.22.22 and 11 are the Fra&ions tequired.

Examp. 3. Reduce §..7.. 2.2, £ and £ to the leaft common
Denominator peffible.

K2 2
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s A AR Bt ek L -
2|4 6.9.3.3.2
:2-3-933
._?:1-3-9 23
_3 g B gl
| I

Therefore 2 x2 X2 X 3 X 3= 72 is the common IJe-
nominator,

Then 72, divided Fevcrally by T B RN gl B

Will quote : iR Sood 118
Thofe mult:phed b}r e P T
Produce b : 45 - 42 . 32 .48 .60, 18

Anfwer $5.4%.3 52, :j:i s2ande 2.,

o98. A mmpuund Fraction (otherwife called a Fraétion of
a I'raf.’tmn) may be reduced to a fingle Fraction in this manner,
giz. multiply all the Numerators continually, and take the
product for a new Numerator ; alfo multiply all the Denomi-
nators continually, and the produc¢t will be a new Deno-
minator,

Thus, if the cr:-mpcaund Fration % of 3 be given to be re-

duced to a fingle -Fradtion ; maltiply the ﬁumemturs 2 and 23
one by the other, o is the produ& 6 a new Numerator. Alio
multiplying the Derominator 3 and 4 one b}r the
other, the product 12 isa new Denominator, o ,%;or of 3
1 is the fingle Fraftion fought, being. equwalent 02 5 Of 3
of 3, the mmpound Fraltion given to be reduced.
In like manner, th:s compound Fraltion % of 1 of £ will be re-
duced to 2%, or %; for the. Numerators z, 3 4, bemg multi=
plied” continually, produce the new Numerator 24 ; and the
Denominators 3, 4, 5, multiplied continually, produce the new
Denominator 6o: Laﬂly the new Frad&ion 34 (by Art. 261.)
will be reduced to %, which is equal to % of i of £: But to
make the meaning hereof more evident, fuppufe the integer to
be 1 pound of Ergli/b money; then

tof 11 (vz. of 20s.) is 165,

i _of thole (wz of 165,) is 12,5,

" % of thofe 3 (viz. of 124)is 8+ or 3/ whereby tis mani-
fLﬂ: that }Df of 3/ is equal to 34

276,
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276. In operations of this kind it will frequently happen,
that the Reduction will be performed more fpeedily, if the
factors be only connelted by ( x) the fign of Multiplication,
without altually performing the operation of multiplying :

Thus, in the laft Example fay 2 of 3 of ¢ :EE;—;; then
this expreflion will by Art. 266. be reduced to %inniy by can-
celling (3 x4) the Fa&tors common to both Numerator and
Denominator,

277. By this Rule a Fra&ion or mix’d number of a leffer
name may be reduced to a Fraction of a greater name. As if
3z pence be propofed to be reduced to a compound Fra&ion of
a pound Sterling, the operation will be in this manner, wiz.

- 3z or J ofa penny is 7 of ;. of .’ of a pound Sterling ; which
compound Fraéion will, by the aforefaid Rule, be reduced to
75l In like manner, 42.% minutes of 2n hour are ejual to
£ of an hour,

Poriga 't =203 by gfrt. 268.

And 5723 of 5 = 1_6%;‘;1? by Art. 275. and 276,

But 2003 =135 =4 =5 by 4rt, 266,
16 xbo 16x12 16x4 64

Here you may alfo obferve, that when a compound Fra@ion
is one of the given terms in any queftion, it is fir® of all to be

. reduced to a fingle Fraétion. .

278. T'wo or more Fractions being given, there may be

whole numbers found, which fhall have the fame reafon or
proportion as the Frations given, wiz. when the Fra&ions
Ziven have unequal Denominators, reduce them to equivalent
I'ractions, which bave a common Denominator (by Art, 274.)
then, rejecting the common Denominator, the Numerators will
have the fame reafon or proportion as the Fradiions firft pro-

.~ pofed. : :

So 2 and £ being given, will firlt of all ke reduced to their
equivalent Frattions 2 and 23; then rejecting the common
Denominator 40, the Numerators, 24 and 25 have the fame

. reafon with 3 and §, viz. as 3 isto §, fois 24 to 25: Al if

,the Fraélions £, 1, and £ were propofed, there would be found
. 1,2, and 4, which are in the fame progortion one to the other

as thofe Fractions given: In like manner, if mixt numbers be
_ given, there may be whole numbers found which fhall have
. the [ame reafon or proportion, as the mixt numbers; fo 52 and
. 35 being given, will be firft reduced to the improper Frac-

K3 tions
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tions 17 and %2 (by Art. 268.) Alfo the faid %7 and %? will
be reduced to *3° and }%; then rejefting the common Deno-
minator 24, the Numerators 136 apd 87 will have the fame
reafon as §% and 33, viz. 25 130 is to 87, fo is 53 to 33,
Alfo 16X and 18 being given, there will be found 33 and 36,
which being divided by their common meafure 3, will give 11
and 12, which have the fame reafon as 162 and 18.

CHALL XIX.

AppiTroNof VULGARFRACTIONS, and
MIXT NUMBERS,

279. HEN the numbers given to be added are fingle|
Fradions, and have equal Denominators, add all|
the Numerators together; fo is the fum the Numerator of a
Fra&ion, whofe Lenominator is the {fame with the common
Denominator, which new Fration is the fum of the Fracs:
tions given to be added. _

So I and 2 being propofed to be added, their fum will be:
found §, wiz. the fum of the numerators, 3 and 2 is 5, whichi
beii g placed over the common Denominator g, gives 5: Ini
like manner, the fum of thele Frafions I, {, 3, and 2, ‘will be:
found %7, which (by Art, 271.) will be tound equivalent go 253
fo that 21 is the fum of the Fractions given to be added. |

280. {Vh:n the Fraétions, propofed to be added, have un--
equal Denominators, they are firft to be reduced to Fractiors ofi
the fame value, which fhall have a common Denominator (‘byy
Art. 274.) and then they may be added as aboye. :

So if  and } were given to be added, their fum will be fourwll
T4% 5 for Zand 3 will be reduced to their equivalent Fra&tions
3% and %, which having equal Denominators may be addecl!
according to 4r¢, 279. and fo the fum will be found 1.%.: Iny
like manner, the fum of thefe Fraétions % and 3 will be found
I Alfo the fum of thefe fix Fractions £3, 11, %, &, 5 2,
after they are reduced to a common Denominator (according to
Example 2d. in Art. 274.) will be found '8, that is, 3%,

281. When any of the Frations given to be added is a com
pound Fraction, fuch compound Fra&ion is firft of all to b
reduced to a fingle Fraction (by Art, 275.) and then you ma
proceed as before. | | Soi
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So 3 and % of } being given to be added, their fum will be
found 23 ; for the compound Fraltion 2 of £ will be reduced
to % ; which added to the fingle Fration } gives 23. Here you
mnay obferve, that the Fractions given to be added in all the
former cafes, are fuppofed to be Frations of integers, which
have one and the fame particular Denomination, wz. if one
“of the fra&tions given to be added, be a Fraion of a pound
Sterling, all the reft ought to be Fraétions of a pound Sterling,
and the like is to be underftood of other denominations.

282. When Fraftions of Integers of different Denominations
are given to be added, they are firlt of all to be reduced to
- Fractions of Integers that have one and the fame particular
Dencmination, (by 4rt. 277.) and then they may be added by
the firft or fecond Rule of this Chapter. :

So if Z of a pound Sterling, 3 of a fhilling, and § of a penny
were given to be added, reduce the two latter into Fractions of
a pound Sterling, wiz. § of a fhilling is 3 of ;% of a pound Ster-
ling, which compound Fraétion being reduced to a fingle Frac-
tion gives 2./ Likewife { of a penny is 3 of % of % of 2
pound Sterling, which compound Fradtion being reduced, gives
sepd. Laftly 212 35 /L and §. /. being added according to
Art. 280. their fum will be found 23332/,

283. When mixt pumbers are given to be added, find firft
of all the fum of the Fractions (by Art. 257g. and 280.) then
add the integer or integers (if there be any found) in the fum
of the Fradions, to the whole numbers,

So if 3%, 4%, and 16§ were given to be added, their fum will
be found 2412, vz, the fun of the Fra&ions %, 3, and 3, will
be found (by Art. 280.) to be 1.3, 2nd the fum of the whole
numbers 3, 4, and 16, s 23, to which adding 1 (the integer
found in the fum of the Fraltions) the fum is 24 ; fo that
2421 s the fum of the mixt numbers given to be added,

g CHA P.
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C'H AR XX

SusTrRAcTIONOg VULGAR FRACTIONS
and MIXT NUMBERS,

284. H E N the numbers given are both fingle Frac-

tions, and have equal Denominators: Subtract
the leffer Numerator from the greater, and place the remain-
der over the common Denominator, fo is fuch new Fraction
the difference between the Fractions given,

T hus the difference betwixt the Fraftions & and 7 is £
which is found by Subtradting the lefler Numerator 7, from
the greater Numerator g, and placing the remainder 2 over the
common Denominator 11: Alfo the difference between the
Fralfiioéls 1tand 17 is % ; thatis the Fradlion 1} excceds
27 OV 37 |

285. When the numbers given are both fingle Fractions, and
have not a common Denominator, reduce them to Fractions
of the fame value which have a common Denominator, (by
Art. 274.) and then find their difference by the laft Rule.

So the difference between the Fractions § and Z, will be found
-, viz. reduéting the Fra&ions given to their equivalent Frac-
tions £% and #2, which have a common Denominator, the dif-
ference fought will be found 5% by Art. 284, Likewife 7 be-
ing fubtraéted from 1% there remains ;.

286. When one of the numbers given is a whole number
or a2 mixt number, alfo when both of them are mixt numbers ;
reduce fuch whole or mixt numbers to an improper Fraction
or Frai&ons, by Art. 268. and 26q9. and then the operation
will be according to Art. 284. or 285.

So 73 being given to be fubtracted from 12, the remainder
will be found 4%, viz. firft 73 will be reduced to the improper!
Fra&ion %%, alio 12 will be reduced to %, then thefe two im-.
proper Fraétions ¥ and 12, will be reduced to their equiva-
lent Fradtions 32 and ¢°, (which have a common Denomi-,
natc}r.l) Laftly, the difference between % and %2, is %2, or!
4% : In like manner g} being given to be fubtradted from 12%,,
the remainder will be found 2%, as by the fubfequent opera-
tion 15 manifeft. ‘

!
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gi="%; and 123=% by Art. 268.
Yt sl W = Siovhy 6 274
Then i =3r =27 by Art. 284,

Though the thres laft Rules are fufficient for all cafes in
Subtraétion of Fraétions, mixt numbers, or whole and mixt ;
neverthelefs, the following Rules will be more expeditious in
the Subtra&ion of mixt numbers, or'whole and mixt, efpecially
when the Integers confift of many places, as is manifeft by the
operation, viz.

287. When a whole number is given to be Subtrated from
a mixt number, fubtraét the faid whole number from the in-
teger or integers of the mixt number, and unto the remainder
annex the fraGional part of the mixt number given; fo is the
mixt number thus found, the remainder or difference fought.

24§
As if » be given to be fubtralted from 243, there- 7
mainder will be 175, as appears from the operation, -

| 173

288. When a Fra&ion is given to be fubtrated from
unity, fubtrat the Numerator from the Denominator, and place
that which remains over the Denominator, which new Frac-
tion thus found, is the remainder or difference fought.

So i being fubtraéted from unity, or 1, the remainder is
%: Alfo 1} being fubtracted from 1, the remainder is .

289. When a Fra&ion is given to be fubtracted from a whole
number greater than 1, fubtract the faid Fraétion from one (by
the laft Article) fo the remaining Fraction being annexed to
the number of integers leflened by unity or 1, gives the re-
mainder or difference fought,

Thus $ being fubtraéted from 17, the remainder is 163 ;
alfo -7, being fubtraéted from 39, the remainder is 38-%;.

290. When a mixt number is given to be fubtraéted from
a whole number, fubtra& firft of all (by 4rt. 288.) the frac-
tional part of the mixt number from an unit, and fet down the
remaining Fraétion ; then adding the unit borrowed to the in-
teger or integers of the mixt number, fubtraét the faid fum
from the whole number given (as is taught in Subtraction of
whole numbers;) fo that which remains, together with the
remaining Fradtion hefore found, is the remainder or difference
fought.

50
So if g7 be fubtraéted from 50, the remainder is 9%
407, as by the operation is manifeft,
407¢

29[
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261, When a Fraétion is given to be fubtra&ed from a mixt
number, and the faid Fraction is lefs than the fractional part
of the mixt number ; fubtra& the lefler Fra&ion from the
greater by Art. 284, or 285. then the remaining Fra&ion be-
ing anncxed to the integer or integers of the mixt number,
gives the remainder or difference fought for.

127

So 2 being fubtradted from 12%, the remainder o3
is 1223, as by the operation is manifeft, e
1273

292. When a Fra&tion is given to be fubtra&ted from a mixt
number, and the faid Fraction is greater than the fracional
part of the mixt number, fubtralt the faid greater Fra&ion
from an it borrowed from the mixt number (by 4rz, 288.)
and add the remaining Fradion to the f[aélinna{par: of the
mixt number, (by 4rt. 279, or 280.) fo the Frattion found by
that addition, being annexed to the integers of the mixt num-
ber leflened by an unit, or 1, gives the remainder or difference
fought.

'Ig‘hus 5 being fubtradted from 133 ; the remainder is 132
3232, wx. {ubtradting 5 from 1, the remainder is &, oF
which added to % gives §2, which being annexed to 12, =——
{the number of integers in the mixt number leflened by 1252
*1 x.or unity) gives 1252, the remainder fought,

- 293, When a mixt number is given to be fubtra@ed from
a mixt number, and the frattional part of the mixt number
to be fubtrated, is lefs than the fradtional part of the mixt
number from which you are t& fubtradt, fubtract the faid lefler
Fraction from the greater (by Art. 284, or 285.) and fet down
the remaining Fraction : Alfo fubtract the integers of the lefler
¢ mixt number from the integers of the greater (as in Subtrac-

tion of whole numbers; ) fo is the mixt number thus found,
the remainder or difference fought for.

So if 173 be given to be fubtralted from 205 ; the 205
remainder will be found 312, viz. fubtra&ing 3 from 3 173

gt : 7
the remainder is 12, alfo fubtradting 17 from 20, the

remainder is 32, g L

294. When a mixt number is given to be fubtra®ed from a
mixt number, and the fractional part of the mixt number to
be fubtracted, is greater than the fra&ional part of the mixt
number from which you are to fubtract; fubtract the faid greater
Fradlion from an unit borrowed from the greater mixt number
" (by Art. 288.) and add the remaining Fration to the fra&tional .

part of the greater mixt number (by Arz. 279, or 280.) fo is
the fum to be referved as the fractional part of the remainder

fought ;
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fought : Then add the unit borrowed to the integer or inte-
gers of the lefler mixt number, and fubtraét the fum from the
integers of the greater mixt number (as in Subtra&ion of whole
numbers ;) fo that which remains, together with the Fraction
before referved, is the remainder or difference fought for,

Thus, if 20% be given to be fubtraéted from 353, the
remainder will be found 1422, wiz, fubtralling J from 35%
an integer, or I, the remainder is §, which added to §, 20f
~gives 22; then adding the integer borrowed to 20, it —

will be 21, which {ubtracted from 35, the remainder s 14}%

14, fo the remainder or difference fought, is 1433. '

When you cannot clearly difcern which is the greater of two
Fra&ions, having unequal denominations, reduce them to Frac-
tions of the fame value which have a common Denominator,
(by Art. 274.) and then it will be apparent which of the two
Fraétions is the greater. As, if it be defired to know which
of thefe two Fraltions § and 37 is the greater ; after they are
reduced to 7% and ZZ, it is evident that the former excecds the
lﬂttﬁr by '::J"IT" 7

CoH & P XNk

MyurTipLicaTION of VuLGAR FRACTIONS, and
MixT NuMBERs.

295. Y HEN the numbers given to be multiplied, are
both fingle Frations, multiply the Numerators
one by the other, and take the produt for a new Numerator ;
alfo multiply the Denominators one by the other, and the pro-
du& will be a new Denominator, which new Fradtion is the
produét foughr for. '
So -7 and $ being given to be multiplied, the produ&t will
be found 2% ; for 7 multiplied by 5 produces 35 for 2 new Nu-
merator ; and 12 multiplied by 8 gives g6 for a. new Denomi-
nator ; alfo £ and 2 being multiplied one by the other, the pro-
du&t will be found 15. ' Here you 'may obferve that in the
Multiplication of proper Fraétions, the produét is always lefs
than either of the terms given ; for ia multiplying by an unit,
- the producl is equal to the Multiplicand ; therefore when you
. multiply

4
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multiply by a proper Fra&ion, that is, by lefs than an unit, the
product muft be lefs than the Multiplicand.

296. When one of the numbers given is 2 whole aumber or
a mixt number ; alfo when both of them are mixt numbers,
reduce fuch whole number, or mixt number or nuinbers to an
improper Fraction or Fractions, by Art. 268, and 26g. and
then the operation will be the fame asin the laft Article.

So 82 being given to be multiplied by 5, the product will
be found 433, wiz. 8% being reduced to the improper Fraction
25 alfo 5 into §, multiply 26 by 5, the product is 130 for a
new Numerator : Alfo multiply 3 by 1, the product is 3, for
a new Denominator, which new Fraction *}° being reduced
(according to Art. 271.) will be 431, the product fought. In
like manner, 72 being multiplied by %, the product will be
faund 4. Here obferve, that when either of the terms given
isa compound Fraction, it muit firftof all be reduced to a fingle
Fraction, and then the operation is as before.

2g7. The directions of Articles 276, and 26b. may often
be ufcfully applied here: For Example, if 5 be to be multi-

6x 5
glied by 5 write down the product thus , which con-
. 7K I2
tracted by dividing both Numerator and Denominator by 6,
5 5 '
~ becomes —— = —.
b & R ¢!

298. To takeany part or parts of a number propofed, is no-
thing elfe but to multiply the faid number by the Fraction,
which declares what part is to be taken: So if you defire to
- know what is £ of 320, multiply 35° by %, the product will be

320 X5
: 200 for —40%x §=200. Inlike manner ;of 453 is
1x8
G« 23 2 X 363 263 0. a7
— R —— = = — = 302 1 And.20f 8
e RETY 3x8  3x4 4

120 ='2° = 30.
-2g69. Hence if it be required to multiply an integer by a
Fraction, multiply the integer by the Numerator of the Frac-

tion and divide the product by the Denominator. For Example,

the product of 48 by 3 is 48;5 =0 Bi= 20

That the methods above directed are true, may be proved
by Multiplication of whole numbers: Thus, affume 2 Frac-
tions § and?, which are feverally equal to 2 and 3, #wo whole

numbers ;
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numbers; then it will appear that the product of the'Fm&iuns-

8 x6 48
—— = — is equal to the produ&t of the whole numbers
4 X2 8

2x3 for 4 =6,

300, Sometimes the Work of Multiplication, in mixt num-
bers, may be compendiouily performed after the manner of thefe
following Examples, viz. if it be required to multiply 1201 by
48:%, firlt multiply the whole numbers mutually, to wit, 120by
48, and place the particular produdts orderly one under the other,
as in Multiplication of whole numbers ; then multiply
the faid whole numbers firft given by the Fraltions 120%
alternately, viz. take a ;. of 48, which is 12, alfo take 485
X of 120; which is 60, and place the faid 12 and 60
orderly to be added to the former particular products : gbo
Laftly, add all together, and to the fum annex the 480
product of the two Fraéions; to wit, in this Ex- 12
ample, the product of the Multiplication of I by I, 6o -
which is £, fo the total produét required will be
58321, as you fee by the Example in the Margin. 58322
in like manner, if 18% be multiplied by 40}, the
produc will be 7467 ; and if 29} be multiplied by 50, the pro-
duét is 1475, as you fee by the Examples following.

1821 29:
403 3
720 1450
20 25
6
R R
7463 |

CH AP XXIE

Division of VuLGcAR FrRAcTIONS, and MixT
NUMBERS.

301. HEN the numbers given are both fingle Frac-
tions, multiply the Denominator of the Divifor by

the Numerator of the Dividend ; and take the product for a
new Numerator : Alfo multiply the Numerator of the Divifor
by



142 Divifion of Vulgar Fraétions. Chap. XXIi,
by the Denominator of the Dividend, and the product is a new
Denominator ; which new Fraction is the quotient fought.

So if £ be given to be divided by 1, the quotient will be
found 2%, iz, multiplying 5 by 4 the produ& is 20 ]
for a new Numerator ; alfo multiplying 3. by g the 32) #(22
produét is 27 for a new Denominator, fois 25 the
quotient fought, In like manner if { be given to be divided
by %, the quotient will be found 3%, that is 22,, as you fee in
the Example: Here you may obferve that in Divifion,
by proper Fractions, the quotient is always greater 3) 5 (2%
than the Dividend ; for in Divifion the lefs the Divi-
for is, the greater will the Quotient be 5 and when unity is the
Divifor, the Quotient will be equal to the Dividenid ; therefore
when the Divifor is a proper Fra&ion, that is lefs than an
unit, the Quotient will be greater than the Dividend.

302. When one of the numbers given is a whole number;
or a mixt number ; alfo when both are mixt numbers, reduce
fuch whole number or mixt number or numbers to an improper
Fraction or Fractions, by Art. 268. or 26g. and then the ope-
ration will be the fame as in the laft Article.

So if 42 be divided by 71, the Quotient will be found 53, for
7% and 42 will be reduced to thefe improper Fra&ions 5 and
“*, then multiplying 42 by 2, the produét 84 is a new Nume-
rator, alfo multiplying 15 by 1 produces 15 for a new Deno=
minator ; fois $$=7%° =31 the Quotient fought,

303. Here alfo the dire@®ions of Art. 276. and 266. will
often prove advantageous: Thus, if 3° be to be divided by %5,

the Quotient may be reprefented by j;;; » which reduced by

2
5 =8 and that again divided by &,

dividing by 4 becomes

; 5 5
becomes —— = =,
X2

304. If a whole number be given to be divided by a Frac-
tion, multiply the whole number by the Denominator of the
Fraction, and divide the Product by the Numerator thereof :
For Example, if 48 be to be divided by 11 = 2 then the

iy T =7
Quotient will be

=6 W= g2

305, Bf two Fra&h:ns that have the fame Denominator are
given for a Divifer and Dividend, then the Quotient of their

Numerators
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Numerators will be the number required. For Example, if =

be to be divided by ¥, the Quotient will be 5. :
8xs 5 !

3x8 |
The truth of thefe methods will appear by afluming 2 Frac=
tions %® and %°, which are feverally equal to 2 whole numbers
4 and 2 for the Quotient of the Fraétions 4° divided by 2,
5§ x 16
4 X IO
by 2, for3¢'=3 =% =2.

For

is equal to the Quotient of the whole number 4 divided

306. Queftions to exercife the Rules of Vulgar Fractions
betore delivered.

Queft. 1. The difference of two numbers is 133, the lefler
number is 2§, Wwhat is the greater ? Anfw. 3% (found by Ad=~
dition. )

%_ug/f. 2. What number is that, which if added to 3% gives
the fum 823? Anfw. 4.5 (found by Subtration,)

Queft. 3. Thereis in 3 bags the fum of 121.% L wrz. in the
firt bag 50% /. in the fecond 404% /. whatis in the third bag?
dnfiw. 30% L. (found by Addition and Subtration.)

Quefl. 4. Two Merchants 4 and B having certain fhares in
a thip, the fhare of 4 is ;% of the fhip, that of B %, what isthe -
difference between their parts? Anfw. the fthare of A4 exceeds
the fhare of B by 4%, (found by Subtrattion.)

Quefl. 5, What is § of 13037 Anfw. 815 (found by Mul-
tiplication.)

9ueft, 6. What number is that, which being multiplied by
3 produces 253!  Anfw. 42%. (found by Divifion.)
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The DoFrine of Decimal Fractions.

CHAP XXIIIL

NoraTioN of DecimaL FrRAcCTIONS,

307. IT is hard to determine, who was the firft that brought

Decimal Arithmetic to light, though it be a late in-
vention; but without doubt it has received much improvement
within the compafs of a few years by the induftry of Artifts;
and now feems to be arrived at perfetion. The excellency
thereof is beft known to fuch as can apply it to the practical
part of the Mathematics, and to the Conftruction of Tables,
which depend upon ftanding or conftant proportions; fuch are
Trigonometrical Canors, Tables for the computing of Com-
pound Intereft, &%. in which cafes Decimal operations afford
fo great help, that, in my opinion, many ages have not pro-
duced a more ufeful invention, But it may be‘objetted, that
Decimal Arithmetic often gives an imperfe&t folution to a
queftion, This I grant, yet the anfwer fo given may be as
ufeful as that which is exaltly true; for in common affairs,
the lofs of 2. part of a grain, or of an inch, &¢. to wit,
any quantity which cannot be feen, is inconfiderable : But I
would not be miftaken ; for in extolling Decimals, I do not
cry down Vulgar Fradions; fince experience fhews, that De-
cimal Fracions are commonly abufed, by being applied to all
manner of queftions about Money, Weights, &¢. when indeed
many queftions may be refolved with more facility by Vulgar
Arithmetick ; fo that the right ufe of Decimals depends upon
the difcretion of the artift.

308. When a fingle Fraction has for its Denominator, a
number confifting of 1 or unity in the extreme place towards
the left-band, and nothing but a cypher or cyphers towards
the right, it is more particularly called a Decimal: Of this
kind are thefe that follow, viz. %, that is five tenths; +3,
five hundredth parts; likewile thele are Pecimal Fraélions,

£ 2085 | B |
ot T AP0 e
3%
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309. A Decimal Fra&tion may be expreflfed without the De-
nominator, by prefixing 2 point or comma before (to wit, on
the left hand of) the Numerator; fo 3% may be writ thus. s,
or thus , 55 and X% thus, . 25, or thus ,23. .

gro. In Decimals, when the Numerator does not confift of
fo'many places as the Denominator has cyphers; fill up the
void places, in the Numerator, with cyphers prefixed on the left-
hand: So 5. is fet down thus, y05; likewife +&o thus, ;0503
and ;385 thus, ,0205; likewife -5 - thus, ;006, :

311 In Decimals thus exprefled, the Denominatar is dif-
coverable by the places of the Numerator: For if the Nume-
rator confifts of one place, the Denominator confifts of 1 or
“unity with one cypher; if of two places; the' Denominator
confifts of 1, with two cyphers annexed 5 if of three, the De-
-nominator confifts of 1 or unity, with three cyphers annexed:
So the Denominator of ,25 is 100, the Denominator of .050
is'1000, and the Denominator of .0g6 is 1000, .

312. Cyphers at the end of a Decimal do neither augment
nor diminifh the value of it: So .2, .20, .200,.2006 are De-

~cimals, which have one and the fame value ; for .22; being ab-
“breviated by Ars, 265. will be made %, and fo will 225 or
‘<%sgse But cyphersplaced between the feparating comma and
the figures of the Decimal diminifh its value: So ;5 is 5., but
305 15 S
 313. Therefore Decimal Fra&ions dre eafily reduced to a
common Denominator, (which is a troublefome work in Vul-
%ar Fra&ions;) for if all the Numerators of as many Decimal
ractions as are given, be made to confift of the fame number
~of places; by annexing a cypher or ‘cyphers at -the end, (that
is on the right-hand) of fuch Numerators as are defetive,
they will all be reduced to a common Denominator : So thefe
Decimals, .2, .03, .027, which fignify %, +1s +22.) may
be reduced to thete, .200, .030, .027, which have 1000 for 2
common Denominator,

374. The order of places in any Decimal proceeds from the
left-hand to the right, contrary to the order of places in Inte-
gers, which is from the right-hand to the left: So in this De-
cimal .247 the figure 2 ftands in the firft place, (being the
outermoft towards the left-hand, and next to the point,) the
figure 4 ftands in the fecond place, and 7 in the third, Alfo
_in this Decimal ,0245 a cypher ftands in the firft place, 2 in
~the fecond, 4 in the third, and 5 in the fourth.

315. Every place in the Numerator of a Decimal Fraion
has a peculiar Denominator, or proper value, viz. the Denos

minator
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minator of the firft place is 10, of the fecond 100, of the third
1000, &9c, So that the firft place of a Decimal, fignifies
tenth parts of an unit, or integer ; the fecond place, hundredth
parts of an integer'; the third place, thoufandth parts of
an integer, &'¢. Hence it is manifeft, that this Decimal
.3254 (every place thereof being confidered a-part by it-
felf ) confifts of .3, .02, .005, 0004, (ViZ. +'5s 15> To50s
+o .5, which being reduced to a common Denominator (by
Art. 313.) will give thefe .3000, .0200, 0050, .0004, viZ.

e : :
205 TeeSss Totesy Tobsos dil which collefively make

73254 (0F Adder) |

16. In whole numbers, the firft place above (that is on the
left-hand of ) the place of units, fignifies tens of units, but in
Fraé&ions the firft place beneath (that is, on the right-hand
of ) the place of units, denotes tenth parts of 1 or unity, and
is called the firft place of Decimal parts, or place of primes;
likewife the fecond place above the place of units, fignifies
hundreds of units; but the fecond place beneath the place of
units exprefles hundredth parts of 1 or unity, and is called
the fecond place of Decimals, or place of feconds: So that, as
the value of the places in integers afcend in a decuple pro-
portion, from the place of units, towards the left-hand ; fo the
values of the places of Decimals defcend in a fubdecuple pro-
portion, beneath the place of units, towards the right-hand, viz.
among the places of integers, every following place towards
the left-hand, is ten times the value of the next preceding
place: But among the places of Decimal parts, every follow-
- ing place towards the right-hand is one tenth part of the
value of the next preceding place: All which will be evident
by the following Table.

L0 AE 1)




- the point expre
. on the right-hand of the point only fhews 8237 parts of 1 (or
_an integer) fuppofed to be divided into 10000 equal parts. In
like manner, this number 5.8 fignifies 5 integers and eight

_tenth parts of an integer, and this number 28 5,82 denotes 285
integers (or units) and .82 parts of an integer.

K
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A TABLE for the NoTaT1o N of Integer
and Decimals. |

E:- 9
= . DE
B ;
'DE S
% S - i
L =] =
Fy
2 ~ RO <
o, L Ll (=] - (oW
] S - -
i 2 5 2N 2
' = = =0 B

2 Feg SESS | <

z "’E;: 3, nutt:“

SRR S0 el RRed 0
g RS I ER B2 38O Ze
IEETNWNS | RESYS @

g raugIer o .823? ;
e . uy
3888 y88s
R AR S T
iy T (+: b,
-mhql‘gk Q\E.h"#
UANS S p.k Aeog 3w
&R oS i S

31;1 In the foregoing Table, you may obferve, that the places

__of integers or whole numbers are feparated from the places of

Decimal parts I:Hf a point; fo the number on the left-hand of
€s 73285 integers or units: But the number

318. Hence it follows, that if the feparating comma, in any

mix’d or frafional expreffion, be moved one place towards
the left-hand, then every figure, and confequently the whole

expreffion, is but a tenth’ part of what it was before 5 that is,
it is divided by 103 if it be moved two places, the expreffion
% divided by 100; if three places, by 1000, &%,

" - L 2 3:1‘!
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But if the feparating comma be moved towards the right-
hand, then every figure, and the whole expreflion, is multiplied
by 10, 1005 10C0, e, according as it is moved one, two, or
three places. ;

CHAP. XXIV.

Concerning the RepuctioN of VuLGar FRACTIONS
to DEciMaL FRACTIONS.

319. Y F the greateft integer of money, as alfo of weight

meafure, €c. were fubdivided decimally, to wit, 2
pound- of Englifp money into ten equal pieces of coin, and
every one of thele into ten other equal pieces, U¢. and weights,
mealures, &¢. after the fame manner: The doétrine of Arith-
metic would be taught, with much more eafe and expedition
than now it is; but it being improbable that fuch a reforma-
tion will ever be brought to pafs, I fhall proceed in directing
2 courfe to the ftudious, for obtaining the frugal ufe of fuch
Decimal Fraftions as are in their power,

320. Since, in Arithmetical Queftions, fome of the giveni
numbers, for the moft part, happen to be Fraétions, a way muft!
be fhewed how to reduce a Vulgar Fra&tion to a Decimal Frac-
tion ; yet in fome cafes there is no need of this reduction:
For example, a foot in length is commonly fubdivided into 121
 inches, an inch into 4 quarters, and every quarter into 2 halll
. quarters; but a foot may ealfily, and a great deal more com-~
" modioufly, be divided, firft into ten equal parts, and then
. every of thofe into ten other equal parts; and each of thefd
_into ten other equal parts; (or at leaft fuch divifion may ba
. fuppofed or imagined when it cannot actually be made.

This foot in length fo divided, being applied to the fides of
* Superficial Figures, or Solids, will at firft fight give the quani|
_tities of lines in feet and Decimal parts of a foot (as readily a
" a foot, vulgarly divided, will fhew you how many feet, inches|
_quarters, and _half-quarters, are contained in any line) from
_whence the fuperficial or folid content may be g;.lund in feett
~ by Multiplication only ; and how much this excels the Vulgal
“way, [ fhall partly manifeft bereafter.  The like Subdivifion .
~would have to be made of a yard, pearch, &e. A

32 1
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321, A Vulgar Fration may be reduced to a Decimal of the
fame value, or infinitely near (for all Vulgar Fra&ions cannot
be exaltly reduced to Decimals) by the Rule of Three Direét;
for as the Denominator of any Fraftion whatfoever, is to :he
Numerator thereof, {o is any other propofed Denominator to -
its correfpondent Numerator: Example, Let it be required to -
reduce § to a Decimal, whofe Denominator is afligned to be
1000: Say, by the Rule of Three, if the Denominator 8, has
s for a Numerator; what will the Denominator 1000 require
for 2 Numerator ? Multiply and divide as the Rule of Three -
Direct requires, fo will the fourth proportional be found to be'
625, which is the Numerator fought; therefore 227, or ,625,
is a Decimal Fra&ion equal i 1n value to £.  Another Exmrq’:fa,
Let it be required to reduce .7 to a Decimal Fra&ion, whofe'
Denominator fhall be 100000; fay by the Rule of Three, if
240 the Denominator give 7 for 2 Numerator, what will the
Denominator 100000 require for a Numerator ? Jfﬁfw 2916,
and fomewhat more.

‘322, Hence may be deduced the following Rule to feduce a
Vulgar Fraétion to a Decimal. '
To the Numerator, annex as many cyphers as‘nay be con-
venient ; then divide by the Denominator, and the Quqtient
will be the Decimal required. Note, There muft always be
as many figures in the quotient, as there are cyphers annexed
to the Numierator; and if fo many do not arife, fupply the de-

ficiency by placing cyphers after the feparating comma,
Examp, 1. What is the Decimal equal to 1? :
Denominator 2) 1,0 = the Numerator, with a cypher annexed.

. ——

| »§ = the Decimal required. .
Examp. 2. What is the Decimal equal to %? 4
- Denominator 4) 1,00 = the Numerator with two cypliers,

»2§ = the Decimal required.
. Examp. 3. What is the Decimal equal to 17
ﬁ}enommatur 5) 1,0 = the Numerator wuh a cypher,

,2 = the Decimal r':qmrf:d
Examp. 4. What is the Decimal equal to ;% ? -
Denominator 25) 1,00 = the Numerator with two. r:]rphers.
s04 = the Decimal required.”
Examp. 5. What is the Decimal equal to 2?
ﬂﬁmmmatur 9) I,000c0 &, '="the Numerator with czp‘n:r

11111 &¢, = the Decimal required.

L3 D i - ; I 320
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323. If the numbers of cyphers, annexed to the Numerator
of the laft Example, had been ever fo great, and the divifion
(by the Denominator g) had been profecuted till thofe cyphers
had been all exhaufted ; the Quotient, or Decimal required,
would confift of as many ones as there had been cyphers an-
nexed, and there would ftill be an unit remaining ; by annex-
H:lg cyphers to which; the divifion might be continued far-

er.

224. Thofe Decimals which are produced from Vulgar
Frations, whofe Numerators, with cyphers annexed, can be
meafured by their Denominators, are called finite or terminate -
Decimals; becaufe they confift of a finite and determinate
number of places: Such are the Decimals refulting from the
four firft Examples, .

325. Thofe -Decimals which are produced from Vulgar
Fractions, whofe Numerators, with cyphers annexed, cannot
be meafured by their Denominators, are called infinite, inter-
minate, circulating, and repeating Decimals; becaufe they
do not confift of a finite and determinate number of places,
and becaufe fome figure or figures do continually circulate or
repeat in them ; fuch is the Decimal refulting from the fifth
Example, _ .

326. Hence it follows, that no vul%i Fra&ion will produce
a fnite Decimal, but fuch, whofe Denominators are com-
pounded of the primes 2 and 5 ; for no other numbers can
meafure 10, 100, 1000, I0000, &, or their Multiples, and
fuch every Numerator becomes, by annexing cyphers thereto.

327. The finite Decimals, arifing from fuch Vulgar Frac-
tions, will confift of as many places of figures, as there are tens,
twos or fives, in the compofition of their Denominators.
Thus 5, %, and ¥, have finite Decimals of 1 place, wiz. ,x
»2 2nd ,5; yiys =y and I, have finite Decimals of 2 places,.
viz. ,0I ,04 and ,25 &e.

328. In circulating Decimals, if one figure only repeats,

it is called a fingle Repetend: Thus in Examp. sth. the De-
cimal, confifting of the repeating figure 1, is a fingle Re-
petend.,
 320. To avoid the trouble of writing down unneceflary
figures, a fingle Repetend is denoted by the repeating digit
dafhed; that is, the Decimal ,11111 &% confifting of the
fingle Repetend 1, is exprefled by ,r.

330. Since ,1 is the Decimal equivalent to the Vulgar
Fradtion §; therefore ,/ will be the Decimal equal to;;
s to (=) 35:4> 10 §; ,8,t0 §; :ﬁ; to {:E =) 35 »fs tO
35,8 to 55 and g, to (3=7=) I.

1 » T herefore



Chap. XX1V. #0 Decimal Fractions. 151

. Therefore in all operations for g=0,9999 &'¢. ad infinitum,
put an unit.

E)g:. Examp, 6. What is the Decimal equal to 3 ?
enominator 6) 1,00000 &¢, — Numerator with cyphers.

,16666 &¢, = ,1§—=theDecimalrequired.

Examp. 7. What is the Decimal equal to e?
Denominator 12) 1,000000 &, = Numerator with cyphers.

7,083333 . =,08z=theDecimal requir’d.

Examp. 8. What is the Decimal equal to +*¢?
Denominator 15) 1,000000 &¢. = Numerator with cyphers.

066666 &5¢. —,0f= the Decimal requir’d,

Examp. 9. What is the Decimal equal to ¢ ?
Denominator 75) 1,000000 &¢. —=Numerator with cyphers.

,013333 &¢. —,01z=the Decimal requir’d.

The Decimals refulting from the 4 laft operations are called
mixt repeating Decimals, or mixt fingle Repetends, be-
caufe they have a finite number before the fingle Repetend
begins.

32. And, from the four laft Examples, it will appear, that
the finite part, of mix’d repeating Decimals, arife becaufe
the Denominators, of their correfponding Vulgar Fraétions, are
partly compounded of the primes 2 and 53 for in Examp. 6.
the E}ennminator 6—2x2; in Examp. 7. 12=4 X 3; In
Examp. 8. 15 =75 x 33 and in Examp. 9. 75 =25 X 3. And
it is farther obfervable, that the finite parts of the mixt Deci-
mals in thefe Examples, confift of as many places, as the finite
Decimals before found in Examples 1. 2. 3. and 4. where the
Denominators were refpectively 2. 4. 5. and 25. which Deno-
minators in thefe Examples, are feverally multiplied by 3.

333. From thefe Examples, alfo, may be deduced the manner
of ‘exprefling the value of mixed Repetends, in the form of Vul-
sar Fraétions, wiz. the finite part has a decimal Denominator,
s in Art. 211. but the repeating part has g for its Denomi-
-nator, by j‘t. 330. and fhould be efteemed only a part of the
laft finite Denomination.

So in the expreffion of Example the 6th. ,1—=3;, the finite
part ,1 is yx; and the Repetend, had it ftood in the place of
primes, would be &; but becaufe the finite part of the exprel-
fion is in that place, it muft be efteemed only § of 'y or =
Now 25+ 35567 g‘f'-,g,-._.—:,—f,-;-_—_'-g.

L 4 I_!'l
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In like manner for the expreflion of the 7th Example,
»083 =+ the finite part, ,08-—;%<; and the Repetend, if it
were in the place of primes would be 5; but the laft figure of
the finite purt being in the pIace of hundrﬁdths, tharefnre the
REPEtE“d s 3 of 335 OF 5i5: N"“" tov T 905 —go5 + o5

_g ??; _f.g;amp ro. What is the Decimal equal to j%5?

99) 1,00000000 &e. (;oro10101 &, the Decimal required,
99

T

100
99

-—

i fole

99

e i
ICG

99
1 &

*Tis apparent, that how long foever the Divifion in the laft
Example be continued, the two Quotient figures (o1) will
repeat once, for every two cyphers annexed to the Di.
vidend,

335. And hence we have the generation of Repetends con-
fifting of 2 figures, which (as well as thofe of 3, 4, 5, &,
figures) are called compound Repetends.

_'E 36. Compound Repetends are diftinguifhed by dathing the
firft and laft repeating figure: Thus ;oro101 &e. ad infinstum,
may be wrote ,g7, and 123123123 e, ad infinitum, 423,

337- Sincedts = gr s 2 i will be = ,g7; % = (-;1;:) £E5
75 = 584 To %5 = (r =) 1095 55 =285 53 = (5 =
KX =305 55 — (45 =)aa%s e

And, in general, a Vulgar Fra&ion which, being reduced to
a Dzmmal, produces a compound Repetend of 2 figures, either
s, or is equal to, a Fra&tion, whofe Numerator is the two re-
peating figures, and Denominator gq.

338. And the Denominators of thofe Fra&ions which pro-
duce mixt compound Repetends of 2 ficures, fuch as ,1gf,
,0481, e, are compound of the primes 2 or §, and the
pumber gg.

339
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39. Example 11. What is the Decimal equal to ;7.2
999.) 1,000000000 &%, . ( ;001001001 &,

999

—

1000
999

" 1000
999

e —"

1 &,

Here we have the generation of a compound Repetend con-
fifting of 3 figures, and by reafoning, as in Art. 337. it will
appear, that the vulgar Fraétions, which produce fuch Deci-
mals, are, or are equal to, thofe, which have the 3 repeating
digits for Numerators, and ggg for a common Denominator.

340. Univerfally, a Decimal Fra&ion, confifting only of a
Repetend, is equal toa Vulgar Fraction whofe Numerator ig
that Repetend, and the Denominator 2 number confifting of
as many nines, as there are places in the Repetend. '

341. Example 12. What is the Decimal equal to 32
7 ) 1,000000000000 (0, 1428571 e,
7
30
28

20
14

6o

56
40
35

———

50
49

N —T

I0

7

i ——

3 &fe.,
Since



154 Reduction of Vulgar Fractions Chap. XXIV.,

Since the number 1, the only fignificant figure of the Divi-
dend, becomes the remainder, after multiplying by the fixth
quotient figure, it is clear that thofe fix figures will continu-
ally repeat in the quotient ; therefore ; = o, ,rq.zS%;f_

42. Hence, if the Denominator of a proper raction, in
its Jeaft terms,  be not compofed of the primes 2 and g, that
Fra&ion will be equal to a repeating Decimal, whofe Repetend
will have fewer figures than there are units in the Denomi-
nator,

For, in the rzth Example, where unity, with cyphers annex-
ed, is divided by 7; ’tis obvious, that no remainder, inany

of the divifion, can be greater than 6 : Therefore if, as in
that Example, all the poffible remainders fhould happen before
any of them return, yet after that, viz. after 6 figures (a num-
ber lefs than the Divifor by unity) are obtained in the Quotient,
fome one of the former remainders ‘muft neceffarily recur (for
by Art. 326. there will be a remainder, becaufe the Divifor
cannot meafure the Dividend) ; to which former remainder a
cypher being annexed, as in the former part of the Divifion, -
that figure muft repeat in the Quotient, which was placed there
when the fame Dividual happened before: And therefore the
other figures muft follow and continue the circulation.

343. Having any proper Fradtion given, to find whether the
Decimal Fraction, equal thereto, will be finite or infinite; and
if infinite, whether it will confift of a pure or mixed Repetend ;
and how many places that Repetend will confift of.

Rule. Reduce the given Fra&ion into its leaft terms, and
divide the Denominator by 10, 2, and 5, asoften as poffible ;
then make the refult a Divifor, and let the Dividend confift of
as many nines as may be neceffary ; continue the Divifion un-
til there be no remainder ; and the number of nines ufed will
fhew the number of places in the Repetend ; which Repetend
will begin after as many places of figures, as there were tens,
twos, or fives, divided by.

If the whole Denominator vanifhes by repeating your Divi-
fions by 10, 2, or 5, the Decimal will be finite, and confift of
as many places as you perform Divifions, by Art. [327. but if
not, there will be a Repetend, by Art. 342. Alloa Fraction,
equal to the given one, will have a number confifting of as
many nines in the compofition of its Denominator, asthere
will be figures in the Repetend, by Art. 340. Therefore that
number of nines will be a M_ultipf:: of the given Denominator,
reduced as above.

Examp.
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Examp. 1. How many places will the Repetend of that De-
cimal confift of, which is equal to ?
7) 999999
142857 Anfw. 6 places.
Examp. 2. Will the Fra&tion ¢ x5 produce a finite or infi-
nite Decimal ; and of how many places will it confift if finite 2

10) 51200 Number of Divifions.

10)§120 I

2)512 2
2)256

2k :

2)64 -

1;32 6

2)1

E :

2) 4 9

%lfi 10

1 11

Anfw. The Decimal will be finite, and mnl_'lﬁ of 11 places,

Proof 512joc) 1,000000000/00 (0,00001953125
512
4880
4608
2720
2§6n

1600

1536
640
512
1280
1024

2560
2560

e

alalsla]
E .:‘ﬂmﬁf:
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Ewmp:’r 3 Will the Fration 33 » be finite or infinite ; if

infinite, how many figures will its Repetend confift of 5 and-

how many finite places will there be, before the Repctﬂnd
begins ?

- 10) 880 Number of Dwrﬁuni
X 2) 88T/ < A I
2) 44 2.
2) 22 2
4

11

~11) 99 (9
99 -

Anfw. The Decimal will be a mix’d compound Repetend
of 2 places, beginning after 4 finite places,
Proof 88lo) 1,000000l0( 0,80113f
88 '

B

120
88
‘oo
264
560
528

e i

320

344. When a Decimal expreffion is finite, or circulating, i
1s called compleat-, but if it be not finite, and no law of cir~
culation appears, it is called approximate.

345. Approximate Decimals have fome places true, and the
veft uncertain, and are fometimes wrote with the figns + or
=, t0 denote whether the laft figure is lefs or greater than
juft: Thus, for 327,645 +, read 327,645 more fomething;
that is, the true IJmmaI exceeds 327,645 by fome uncertain
figures; and for 327,646 —, read 327,646 lefs fomething 3
that is, the truec Decimal exceeds 327,645, and is lels than
327,046.

346- If in reducing a Vulgar Fralion to a Decimal, or in
any other procefs, the Repetend of the refult doth not fo
1peedil}r appear as might be wifthed for, proceed to a deter-

mincd number of places, and the refult will be an approxi-
mate Decimal.

347"
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247. Upon the aforefaid grounds, the known or accuftomary
parts of Money, Weight, Meafure, Time, &'¢. may be re-
duced to Decimals: For if you defire to know what Decimal
Fra&ion of a pound Sterling is equal in value to one fhilling,
confider firft that a pound is the integer, and that 20 fhillings.
are equal to that integer, thérefore 1 fhilling is + of a pound.
In like manner, forafimuch as 240 pence are equal to a
pound of Englifh money, 7 pence are 45 parts of a pound,,
which Fra&ion will be reduced to this Decimal ,029 18 L
After the fame method, may the vulgar Sexagenary Frac-
tions ufed in Aftronpry be reduced to- Decimals: For fince a
d;g!:eeiis ufually Tubdi ded into fixty parts, called Minutes,
or primes; a Prime or Mindte, into fixty parts; caled"Se-
conds ; a Second into fixty Thirds; a Third into fixty Fourths,
| &e,. It is evident that 7 Minutes (or Primes): are % parts of
' a degree, which'may be reduced to the Decimal, L6 500 |
. This to the ingenious will'be a fufficient light for the find-
- ing of Decimals fuitable to the Shillings, Pence, and Farthings,
¢ whichare under 2 pound Sterling : Alfo the'Decimals of, the
' known parts of Weight, Meafure, Time,; ¢ as they are ex-
¢ reffed in the following "Tabley~ : !
¥ VoK . .
¢ g , « ]

e vy
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OF

REDUCTION.

Ti& B Ir BT 70

‘ Pence with | Decimals of a
Of Englith Money, the Integer | Farthings, Pound.
being a Pound.
i -:iﬂgsgs
¥ R . I
Shillings. , w3y 1| osbys
104587
3 | 044791
19| -95 2 1. +94375
18] .9 { 0427083
17 ) .85 0414
161 .8 3 040625
5] 75 2 | .039583
141 7 1 | .0385418
13| -65 0375
12} .6 3 0364583
r1 | .55 2 | 035418
10} -5 ! +034375
9| 45 i
8| .4 3 .0322918
21 .35 2 | .o03125
6} -3 1 0302082
s 25 02918
4] 2 3 028125
31| -15 2 02708z
2] .1 I 0260416
1| .05 6 .025
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3
2
1
5
S
2
I
3 X
3
2
I
FaR
: 3
2
I
2
L
2
1 Pen.& 1 Far,
1 Penny.
3 Farth.
2 Farth,
1 Farth.

0239582 |
:022918
;GZIE?S
02083

0197918
01875
0177082
.014
015625
014583
.013541§
= ) 4 S
0114582
010418

iss 1Lk

:007291¢
00625 |
.0052&93'

00418
003125
002083
0010418

S m—

TrenrBol i £ T . 1]

Of Troy-Weight, the Integer
being an Ounce.

14
13
12

1%
10

O A bn O 0D

139

7
.65
6
.55
"5
45
4
35
'3
25
-2
"15
I

|

03

Decimals of an

Ounce.

Penny- ﬂ:ffn;afs of an
Weightse— Ounce,
19 |1.95
—yf '9

|.025

.02087

PR ey

1047918
104587
e L)
0418
039587
12375
1035414
07
03125
02918

.GZ?QS;

022918
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5| .o1041¢ IT|.0982143
. 4 | 0087 10| .08g2857
3 | 200025 9 1.0803571
2 | 00416 8 | .0714286
1 | .00208z 7 | .0625
6.0535714
. | 5| 0446429
OF Avoirdupoile great Weight, 31.0267857
the Integer E.-emg an hundred 2 |.0178571
Weight, fo wit, 112 pounds, I|.0089286
Juarters of: } -~ Decimals of | - Qunces. Decimals o
%bﬂndﬂdf 173 ﬁmf(a'rer[ L b"”d”f”‘{
15 .:31::8%';05
2l 14| .0078125
3 ..gs 131 .0072544
11 .25 12| .0066964
. 11 ﬂpaﬁxgag
) Decimals o 10} .0055803
b 13 I I fmm’mfj.f g| .c050223
27{.2410714 8 *'5354-4646;3
261.2321429 % 0039002
251.2232143 -9935431
24 ,214335? 5 140027901
231.2053571 41.0022321
22 1.1964286 3| -0016741
“21).875 2| .0811160
Poiii785714 1| .000558¢0
] 1gi] - 16gb429 | |— ——
“1B}.16071473 : Quartersef |  Decimals ;f
- '1? ,151-;[-;51 ' 1 Ounce. | 1 bhundred.
l 196 |31428571 o1
115101336286 3 ‘ 0004185
' ‘34 |3125 ._ 2 {.0002790
. H ——c ol T3 H116D0714 § 1 0301395
12 1.1071429

TABLET
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-

TABLET 1V,

| 6].0234375
OF Avoirdupoife little WWeight, 5 10195 3td;
{ﬁﬂ'fﬂtfgéf being a Pound. ’ 4 ,;;-,15..525
‘ kil 1 3.011{;18?5
ol | 2].0c078125
| Decimals of a 62c}
Ounces. | p,.. df it .Qoggo #5
: : By Quarters of | Decimals of |
« 151.9375 a Dram. | a Pound,
141075 - - -
13| 8125 ' 3|.0029296g
I 121.75 21.001g531
1 114.6875 ' 1 .ooog;gjg
‘ 10].625
Q. TARLET v |
. ? : 1375 @r" Liguid Meafures, ff.?s“
6.37 ; Integer being a Gallon,
312 -
l i _gs 5 Pinti ﬂfcimafn_&f
. 3 13;:5 2 a Gallm, }-
21.125 i |
1].0625 71.875 i
: e Dl o | 415
: ecimals of | 51.625
Drams. |} 4 Pound. 4].5
3]:375
151.05859375 21425
141.0546875 1].125
13}.05078125
12],046875 Quarters of Dg.-:ima!”y"
I1}.04296875 a Pint. a Gallon,
10].0390625 - -
g 03515625 31.0937%
.03125 2].0025
7102734375 T1:.03125

M TABLET
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1 TARLET VI

Of Dry Meafures, the Integer
being a Quarter.

" RPANBLET VI

Of Long Meafures, one Yard
being the Integer,

: Decimals of a Duarters ;f Decimals of
s Ruarter. one Yard. one Yard.
7|87 3].75
Rl o 7 D iss
5:1 :925 1ju25
415 :
311315 8 Decimals of
:; ?25 Naiks. one Yard.
Decimals of a 3|-1875
Pecks. Quarter 24128
: o - € iry.0b2s
3|:099375 Quarters of | Decimals of
f l :gg?gﬁ ene Nail, [ one Yard,
Ouartersofa | Decimals of a g | gé?g;s
Peck, Duarter. 1| .015625
Rl TABLET VIIL
I].c078125 Of the Reduélion of Inches, &c.
to Decimals, the Integer be-
et Decimals of a ing a Foot in Length.
Pints, Quarter.
Incl Decimals of a
3| .005859375 ek a Fot.
2 | .00390625
I|.001953125 11].916
i 10 .gg
9175
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B Parts of a Derfn:raf: of a
i .gﬁ z Dozen. Grofs.
0] .5 i1 | .0763%
5| 4168 10 | .cbgy
o 1 g.] 0625
31 25 8 | .oz
21 g 7 | .0486x
: 1| .08z . 6 | .0416
Quarters of an Decimals of a 5 '324??
Ineh, I Foot. 4 | - -?r'g
3 020073
3 .0625 2 .DI__?,!#
2 | 0416 1 | .0ocbgyg
; | 0208z
. 010414 TABLET X
Half a Quar- Of Timey, a Day being the
terof an Inch, Integer. |
BB EET IX e
Qf Dozens, the Integer being Elours. Decimals of e
a Grofs. Day.
% b 23] 9587
: Decimals of 4l
Gt o G 1 | BLHE B
201 .83
11 |.914 19! .mo1d
10 .33 b 75
g7 171 -7083
g 1503 15| .625
‘51‘3 'Ifi" ‘583
3] =43 13} .5418
il 12| .5 f
g ig 1T .4582
1 |.087 10| .418
M 2
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[
[ 9 | -375 OEH308
. 813 S 0Z30x
7 1 2918 3302291
6 | 25 32|.0f
5 | +2083 31}.021525
4l .18 30}.02083
3'{ 125 29 |.020138
2| 08z 28 |.019¢
1] 0416 27 |.01875
: 26!.0180%
7 e Decimals of a 25].017 302
: Day. 24|.014
59040977 2301597
53 -0-1-.52.{7{ ?..'2 -0152.?
57].039585 21.014533
56{.03% ZDL.013'$ _
55 |-03819¢ 19[-01310¢
5410378 - s
53|.036808 17|.01180%
52 ‘0361 16 -er
51{.03541¢ . si-or 426
50l.03477 14 009724
491.034027 e
481.03 12}.00832
47:].032638 11.00763%
46 ‘0319*; 10 .Dﬂﬁgqf
45|.03125 2 .00625
441.030% -00F
431 .02986x 7 |-00486%
42].02918 6].00416
41|.028477 5|.00347¢
L. 40 '02# 4 .001#
. 39|.027083 31002083
33 .0163$ 2 .{3013$
36(.025

1%

348. This.
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348. This Table aforegoing confifts of ten feveral Tabless,
of which the firft (intituled Eng/ifh mongy) contains in the firft
column of it the particular Fra&ions, (viz. the {hillings, pence
and farthings) of a pound Sterling ; and in the other column
the Deci:ha%s, to which they may be refpectively reduced : So
in the fame Tablet .65 is the Decimal anfwerable to 174,
02082 to 5d.and .003125 to 3f. Likewile, 0489582 is
the Decimal of 11d. together with 3 farthings: Alfo.o3125
is the Decimal of 7 pence half-penny.

349. The next Tablet (intitled Zrey-weight) contains in the
firft column the particular Frations (vsz. the penny-weights and
grains) of an ounce Tray, and in the other their refpective De-
cimals: So .6 is the correfpondent Decimal of 12 penny-
weights, and .00208g of 1 grain. Likewife .025 is the Deci-
mal of 12 grains.

350. The third Tablet (intitled Avoirdupoife great weight,)
contains in the firft column thereof the Fradtions, (viz, the
quarters, pounds, ounces, and the quarters of an eunce of an
hundred, according to Avoirdupoife weight,) and in the other
their proper Decimals: So .5 is the Decimal of two quarters
or half a hundred, .1517857 of 17 pounds, .c0334620f 6
ounces, and 0004185, the Decimal of three quarters of an
ounce,

351, The fourth (intitled Avoirdupoife little weight ) fhews
the kractions (viz. the ounces, drams, and quarters of a dram)
of a pound Avoirdupoife, together with their refpe@ive Deci-
mals: So the Decimal of 3 ounces is .1875, the Decimal of g
drams is .03515625, and the Decimal of one quarter of a
dram is .00097656.

352. The fifth (intitled Liquid Meafure) has the Fraétions
{v:z. the pints and quarters of a pint) of a gallon, and Jike-
wife their feveral Decimals: So the Decimal of five pints is
625, and the Decimal of two quarters or half a pintis .0623.

~ 353. The fixth (intitled Dry Meafures) gives the Fractions
(viz. the bufhels, pecks quarters of pecks, and pints,) of a
quarter, together with their peculiar Decimals: So .g75 is the
Decimal of 3 buthels, .03125 of one peck, .0234375 of 1 of
a peck, and .00390625 of two pints.

354. The feventh (intitled Yards) offers you the Fra&tions
{viz. the quarters, nails, and quarters of nails) and their re-
fpective Decimals : So .25 is the Decimal of one quarter of 2
yard, .125 of two nails, and .046875 of three quarters of a nail.

M 3 255.
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255. The eighth (intitled Reduction of Inches, é¢. to Deci-
mals of a foot) prefents you with the Fraltions (wiz. the inches,
quarters, and half quarters of an inch) of a foot, together
. with their correfpondent Decimals: So .416 is the Decimal
of 5 inches, .0625 of 3 of an inch, and .010418 of I, or
half a quarter of an inch.

356. The ninth Tablet (intitled Dozens) yields you the
Fraétions (viz. the dozens and particulars) of a grofs, as alfo .
their refpective Decimals : So .25 is the Decimal of 3 Dozen,
and .0486y of 7 particulars.

357. The tenth and laft Tablet (intitled Time) gives you
the Fractions (viz. the hours and minutes) of a day ; So .62¢

is the Decimal of 15 hours, .0375 of 54 minutes, and .oo06g%
of one minute,

358. When a fingle Fra&tion of any of the premifed Tablets
is propofed to be reduced to a Decimal, find it in the firft co-
lumn of the Tablet to which it belongs ; this done, juft againft
that Fraction fo found, you’ll have the Decimal required. So
13s. being propounded, taking the firft premifed Tablet, I find
13s. in the firft column of the Tablet of Money, and juft
againft the fame 13s. I obferve 65, before which having pre-
fixed a point, and by that means fignified it for a Decimal,
I conclude the fame .65 fo ordered, to be the correfpondent
Decimal of 13s. the Fra&tion propounded. In like manner,
.02291§ is the Decimal of 11 grains in the Tablet of Troy- -
weight ; and .0357143 the Decimal of 4/ in the Tablet of
Avoirdupoile great weight, &,

359. When two or more Fraflions are propounded, and it is
required to find a Decimal equivalent to the fum of them, find
the Decimal of each of the Frations given according to the
lalt Rule ; then adding together the Decimals fo found, that
entire fum is the Decimal fought: So 13s. 54. being reduced
to a Decimal, is .6708z; for the Decimal of 135, is .65,
and the Decimal of 54. .0c208z ; which being added together
(by Art. 382.) amount to .67083, wiz. the Decimal which
reprefents 13 5. 5 4. the Fraétion propofed : In like manner, the
Decimal of g penny-weights and 13 grains, is 477087, and
the Decimal of % C. 196, 7 0z. is .6735491, &7,

T2, b3
54d. 020833

670833

9 p.wt.
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9p.wi. 45
1347 027083
477083
o .5
19 /. .16g6429
7 0% 0039062
6735491

 And here as you fee proper Fralions reduced, fo likewile

may the Fractions of mixt numbers be reduced to Decimals ;
for example, thefe numbers g7 /b, 7 ounces, 13} drams; 67
gallons 53 pints; 28 quarters, o bulhels, and 2 pecks, after
Reduction are feverally g7.48q1, 67.7187, and 28.0781.

974375 67.625 28.0625

.0507 .0937 0156

.0009 . -
—  67.7187 28.0781
97-4891

360. When a Decimal is propofed, to know what Fra&ion
it repreflents, fearch the fame Decimal in the fecond column of
the ‘T'ablet, to which it belongs ; where if you find it exprefly,
the number juft againft it in the firft column is the Fra&ion
you look for: So .65 (reprefenting the Frattion of a pound
Sterling,) being given, I find it in the fecond column of the
Tablet of Money, and over-againtt it in the firft column I find
13 5. which is the Fraétion reprefented by .65, the Decimal
propounded. In like manner, 3.025, (reprefenting 3 ounces

‘and .025 of an ounce Trsy) being given, the number reprefented
by it, is 3 ounces, o p. wt. 12 grains,

361. When in the fecond column of the Tablet to which
you are direCted, you cannot precifely find the Decimal pro-
pofed, fearch that which being lefs, comes neareft to it, and
take the number that anfwers it in the firft column, for the
greateft Fraction of the number required: Then dedu&ing
the Decimal fo found, out of the Decimal given, find like-
wife the remainder as another Decimal, and take its corre-
fpondent number for the next Fradtion of the number re-
quired ; and fo proceed in that order, till you have dif-
covered the entire number reprefented by the Decimal pro-
pounded. '

M 4 - Example,
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Example, 6739 being given, I demand the Fraction of a
pound Sterling reprefented by it: The Decimal in the Tablet
of Money, which being lefs, comes neareft to .6739 is .65,
whofe correfpondent number in that Tablet is 13, which are
the thillings of the number required ; then fubtradting .65
out of .6739, the remainder is .0239, and the neareft De-
cimal in the fame Tablet to .0239 is .0208, whofe corres .
fpondent number is §, which are the pence of the number
required. Laft of all, deduéting .0208 out of .gz%g, the re-
mainder is .0031, which gives you in the firft column 3, be-
ing the farthings of the number required: So that I conclude
the entire Fraction reprefented by the Decimal .6739, is 133,

d. 3f.
it 67391, Sterling,
Subtralt 135, » o+ . 65
' 0239
Subtraf? s PR * tﬂﬂﬁg
.003T

Ak .

In like manner, 7.359 C. being reduced by the Tablet of
Avoirdupoife great weilght, is 75 C. 12 /b, 4 ounces: and g4
» 58 /b. reduced by the Tablet of Aveirdupoife little weight, "is
94 lb. g ounces, and 6 drams.

7- 359 G,
Subtrall 1 quarter . . .*35
Buptham 1 g, ¢ TR ol .
oh - Sl LR T _-.-ﬂ';:
Subtral? g oz. * 94?2 @
- 6 Drams , . . dad

362. But when you have not fuch Tables as the above at
hand then, to reduce the different Denominations of Money,
Height, and Meafure, &c. inta Decimals, ufe the fo lowing

Rule. 1. Write the given denominations, or parts, orderly
under each other 3 the inferior or leaft parts, being uppermoft :
Let thefe be Dividends,

-2, Againft each part, on the left-hand, write the number
thereof, contained in one of its next fuperior ; Let thefe be

Diyifors, .
4 3+ Then
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3. Then beginning with the upper one, write the quotient
of each divifion as Decimal parts, on the right-hand of the
Dividend, next below it ; and let this mixed number be divided
by its Divifor. -

Examp. 1. Reduce 105, 84. to its equivalent Decimal of a
pound Sterling, Eyod : e

1. The given fhillings and pence wrote under each other,
will ftand thug: " ‘ '

A & hamar |
2, Thefe with their refpeive Divifors annexed, will be
A 12 | o8
- 20 | 10
' 3. The divifion by 12 being performed, by fuppofing cyphers
;o;}obt: annexed to the Dividend 8, the work will appear ag
W

12| 8,000, &, Or ¥ 8
20 110,666, &', 20 | F0,f
. Then, dividing by 20 gives the anfwer 453.

12| 8,

20| 10,¢

s52
Examp, 2. What Decimal of a pound Troy is equivaleng
£0 10 0z, 1Bp. w. 16 gr. :
1 »

24

20 | 18,6

12 | 10,92
s I

363. But the Decimals of Sterling money may be wrote in
one line by the following
Rule. Write half of the greateft even number, in the given
| dhillings, for the place of primes.

Let the number of farthings, contained in the given pence
and farthings, poflefs the places of feconds and thirds; ob-
ferving, if the given fhillings are odd, to increafe the place
of feconds by 5. And to encreafe the thirds by as many units
as there are times 24 in the pence and farthings,

Divide half the number of farthings. in the pence and far-
things (rejeting 24 or 6 pence, if there is one) by 12, the
quotient written after the three places before found, will give
the Decimal required,

EXAMPLES,
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ExAMPLES:S.

105. Sd. isequal to 53/ |
N (L N S
15 Sl Ll N Sy TOREE S
3G AR Eie s seyps fakainnsGOOSY Sh.
s a0k 40l Ui Ty J0n27082h
Q' 83 iliag s v 903D45H2L
IR RRRE TTE  (
fiing S oliin Oy + 5003125/

One of thefe Examples explained, will make the Rule fa-
miliar in the sth, viz. 1. 101 4. Half of one fhilling is o,
write o in the place of primes; 1og is 41 farthings, and 1
added (for the 24 contaiped in 41) makes 42, and 50 added
(for the odd fhilling) makes g2, therefore the three firft places
of the Decimal are ,092: Now 24 taken. from 41 leaves 17,
its half is 8,5 ;' which divided by 12 gives 7083 ; thefe wrote
as they arife, after the former three places, make ,0927083
for the Decimal required,

364. A Decimal of a fuperior Denomination being given, to
find its value in the known parts of inferior denominations.

Rule. Multiply the given Decimal by the number of parts
in the next lefler Denomination; from the product cut off
as many places to the right-hand, as there are in the given
Decimal,

Multiply the figures above cut off to the right-hand by the
parts in the next leffer Denomination, and from this product
cut off as before.

And thus proceed until the leaft Denomination is arrived at,
then the feveral parts cut off on the left-hand, are equivalent
to the given Decimal.

Example 1. What is the value of »53334 107
20

-
L - F

0O OV Bl B -

B —— e e

10,66680
12

8,c0160

Anfwer 105, 8 4.

4 Lxample
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Example 2, What is the value of 91112 /b, Troy,
I2

10,9334
20

18,66880
24

2,6}510
13,3760

e

16,05120

Anfw. 100z, 18pawt. 167,

365. But the value of the decimal part of a pound Sterling
may be exprefled in one line, thus: :
Double the place of primes for fhillings, and if the fecond
place be g, or exceed g, reckon 1 fhilling more; the figures in
the fecond and third places (reje&ing g in the fecond place)

are fo many farthings, abating 1 for every 24.

ExXaAMPLES,

Y, The value of 0,92763l. is 185s. 6L,

e et tonen oGl s GR
ey e e h0s000 2 B T 35 3,
LALESL B n,ng l.is o: 10§,

2
3
4- . "

5 . 0,0095 L 18 ©: 2%,

EH AR XXV

Of the Management of CIRCULATING
DecimaLs,

360. THOSE Repetends, which confift of the fame num-
ber of places, are called fimiliar ; thus ,40f, and
573514 are {imilar Repetends.

367.
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367. Similar Repetends that begin at the fame place, vz,
at the place of units, primes, feconds, &J¢. are faid to be con-
terminous. :

268. A finite expreffion may put on the form of an infinite,
by making cyphers the Repetend. And,

A fingle Repetend may put on the form of a compound Re-
petend, without altering its value; thus ,4 may be wrote ,4¢3
or, 444 or ,daad. For $=i3=338— 533, Y.

369. Hence any given Repetend may put on the form of an-
other Repetend, if the number of repeating figures in the lat-
ter be a multiple of the number of repeating figures in the
former.

Thus the Repetend 0,45 confifting of two figures, may put
on the forms of Repetends confifting of 4, 6, 8, 10, &e.
gg,;ures; that is, 0,45 = 0,4545 == 0,454545 = 0:£5454545>

T

370. Any two or mare diffimilar Repetends may be made
fimilar, by transforming them into other Repetends, which fhall
confift of as many places of figures, as the lealt common mul-
tiple of the feveral numbers of places, found inail the Repe-
tends, contains units,

ExAMPLE I

Diffimilar, Made fimilar,
6.5 0,7
0,54 0,54

ExaMPLE 2. |

0,47% 0,475478
0,374 0,3742424
0,54 0,595959
0,327 0,327/77777
0,1 O, 1111X

In the laft Example 6 is the leaft common Multiple, and
therefore the fimilar Repetends confift each of 6 places.

q71. A pure Repetend may put on the form of a mixt Re-
petend, without altering its value; thus o,4g may be wrote

0,454 OF 04543 5 O 0,45454, T

For 0,4f4—-"+ 5% of +s=+%+ 5%'» by 4r¢. 333.

CAnd 5+ P =508 = 85— 55 —=048.
Again, 0,457 =55+ 55 of ris=1s + wads by Art. 333, |
And 5 +stdc =it Foblo=Eist=55=0t)"

372

ol




Chap. XXV. of Circulating Decimals. 173

372. Hence any two or more fimilar Repetends may be
made conterminous, that is, may begin at the fame place,

"ExaVELE T, |

Make o,40f and 0,73¢14 conterminous. This will be per-
formed by making o,foff put'on.the fame form with 0,735 14>
wiz. that of a mixed Repetend having 2 finite places; thus,
0,40844. - :

Examepre 2

-Similar Repetends - ‘Made conterminious,
475478 . i OMTYATS 6y -
0,374242¢ 0,3242424¢
0,595959 : ©,50595959
©,3277777¢ - - 0,3247777¢
O, X1111¢ 4 O, IIxiisix
14,2

373, The expreflion —-— may be called a mixed F ralion 3

its Numerator confifts o?'a mixed decimal number equal in
value to £4 %, and the above mixed Fration js defigned- to
reprefent the quotient, made by dividing the faid mixed deci-
mal Numerator by g the Denominator; which Frallion, if res
duced to a Decimal by Art. 322, will produce a mixed Repe-
tend : See the Work.
9) 14,2000 &,
1,57727 &e. = 1,54. 1699
374. Hence every mixed Repetend may be reduced to a
mixed Fraltion, whofe Denominator fhall be o, 995 999, or
9999, &'. by multiplying the finite part of the mixt Repetend,
by as many nines as there are circulating figures in the Repe-
tend, and adding the faid Repetend to the product for a Nu-
| merator, ,
For the mixed Repetend 1,5 = 1,5 Zof X by Art. 333.
‘which being multiplied by 10 will become 1 5355 by .drt.
18. _
| P Now to reduce 157 to an improper Fra&ion, by Art. 268,
the finite number 15 muft be multiplied by 9 the Denominator,
and the Repetend 7 muft be added thereto to make the Nume.
142
rator of the equivalent improper Fradtion —— ; which Nume-

9
ator being divided by 10 to deftroy the former Multiplication
14,2

becomes —— by Art. 318. the fame as will be found from the

above Rule.
375+
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-375. But if we make ufe of the method delivered in Art. 79.
the above procefs will be rendered much fhorter.

Thus, From 1,§ x 10 = 15,0
Pealre s ot Lt I:E
Remains 1,5 X 9 = 13,5
Add the Repetend e
Numerator . . 14,2

276. And fince the Repétend 7 is to be added, ‘it will be
done with lefs trouble by annexing it to the finite part 15,
inftead of the cypher. Thus,

From 1,5 X 10 4,7 = 15,7
Tkt ol iy 135
RemainstheNumerator — 14,2

377 Therefore in order to reduce any mixt Repetend to a
mixt Fraction; write the mixt Repetend down without dath-
ing its repeating figures, and remove the feparating comma as
many places toward the right-hand as there are figures in the
- Repetend; write the finite part of the mixed Repetend under
the former, placing the right-hand figure and feparating comma
of this, under the right-hand figure and feparating comma of
that ; then fubtra& the latter from the former, and the remain-
der will be the Numerator of the mixed Fration required;
and its Denominator will be as many nines, as there are re-
peating figures in the Repetend.

Examp. 1. Reduce 0,474 to a mixed Fra&tion.
From 0,475 X 100 = 47,5
Take the finite part = 0,4

24T i el 1

Therefore 0,473.° = 47,1

99 '
Examp. 2. Reduce 0,348¢7134 to a mixed Fradtion,
From 0,3485734 x 10000 = 3485,7134
Takethe finite part = « . = 0,348

———

Remains -« » bwnsd S0 0 2485, 86

Therefore 0,348g734 == 3485350
9999
378, If all the decimal part of the expreflion be a Repetend,
the Frattion arifing will be wholly vulgar, and not mixed.

E xample.
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| Examp. 3. ‘Reduce 26,7 to a Vulgar Fra&ion,

o From 36,7 x 10 = "367,0
Take the __ﬁ_nitc part = ~ 36,0

Rémains . . . . 335,
Therefore 36, e 1-_3-5.
Examp. 4. Reduce 3,847 toa Vulgar Fra&ion, -,

From 3,842 x 1000 = 384250
Take the finite part = = 3,0

Rewiga' . « & o v..8830:p
- Therefore 3,84 — 30
L - - ol i - B #- '999

379. If the Repetend begins among the places of integers,
then as many cyphers muft be annexed to the mixed Repe-
tend and finite part, as will be fufficient for the removing the
feparating comma, the required number of places.

Examp. 5. Reduce 57,7 to a Vulgar Fra&ion.
From 57 x 10 = Er00
Take the finite part = 50,0

e —

R T N ézo,{:'
Therefore 57,4 * . 1= 9.

9
Examp. 6. Reduce 42//5,84 to a Vulgar Fra&ion.
- From 4275,84 x 10000 == 42758400

Take the finite part . — 4200
Réifaiy? ot Jo-ony swees o oo

. Therefore 423)‘5,9;‘ AL 42?5420—{}.

| 9999

Examp. 7. Reduce 5/9467,g46, &c. to a Vuigar Fra@ion.
From 579460 X 10000 = 5794600000
Take the finite part , . 500000

Remains . . . , . 5794100000

Therefore 5;‘945?,946,&;':.‘—5 Ed0F0090,

: | 9999 :
380. If the expreffion be a pure Repetend, the above Rule

will give its equivalent Vulgar or mixed Fracion.

£ xamp,

‘.'I-
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Examp. 8. Reduce 06,0077 to its eqmvafent mixed Fraétion,
From o0,007% % 100 0575
Take the finite part S G,Gﬂ ;
05?5
' ﬁw?5

Remdits™ . 's °,
Therefore 0,007¢
g % 3 B 9
Examp. 9. Reduce 6,77 to a Vulgar F raﬁgiﬁﬂ. |

meaysxmo'h 45,0
Fake 4\ ...'ﬁ:ﬁ

¥
-
L]

Wihatiens *2 s 0« o S50
Therefore 0,5 w TS See Art. 337,
99
Exﬂ:@ 10. Reduce #f,5 to a Vulgar Fradtion.
From 7,5 x 100 = %50

Takﬂ AL Mt TR " Qo

Rfﬁlﬁiﬂi L] L] L4 L] ?50

Therefore o, . = 29
' ' 99

C HA P. XXVI.
AppitioNof DeciMmar FRACTIONS.

381. O Tfuch as well underftand the Notation of Decimal

Fra&ions, all the varieties of their Numeration, to
wit, Addition, Subtra&ion, &. will beas eafy as the operations
by whole numbers; therefore he that would be a good profi-
cient in Decimal Afrithmetic, muft thoroughly underftand the
Chapters aforegoing.

282. When divers Decimal Fraltions are given to be added
together, they muft firft of all be orderly placed - one under an-
other, according to the do&rine of their Notation. So if thefe
Decimal Fraions, to wit, 125, :39; and .7 were given te
be added, they muft be written thus ;

125,
+39
-7
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Or if you will have the fame number of places to be in all
the Decimals given, without altering their values, they may
be writ thus:
I25
390
700
N'Dt thI.JS;

12§
-39
P -?I

For the figures or cyphers, which are of like degrees or
places, muft be fubfcribed direétly one under another, wiz.
tenth parts or primes muft be fer down exa&ly under tenths;
alfo hundredth parts or feconds are to be placed under hun-
dredth parts: As you fee in the firft Example, where 3 or three
tenth parts in the fecond Decimal, ftand dire&tly under 1 or
one tenth part in the firft Decimal ; likewile = or feven tenths
in the third Decimal, ftands dire€ly under the tenths in the
former ; and fo of the reft,

383. In like manner, when mixt numbers, which confift of
Integers and Decimal parts, are given to be added, due refpeét
muft be had to their fublcription one under another : So if
thefe mixt numbers, to wit, 32,056, 7.07, and 1.9 were given
to be added, they are to be writ down thus .

32.056
7:97
1:9

284. To add finite Decimals : Having placed the Decimals,
and drawn a line underneath in manner alorefaid, add them rto-
gether, beginning with the outermoft rank towards the right-
hand (as has been taught in Addition of whole numbers of one
Denomination : ) So if the Decimals in the firft Example of
Art. 382, were given to be added, firft fubferibe 5, which is
all that ftands in the firft rank towards the right-

hand ; then proceeding to the fecond rank, fay g T2
and 2 makes 11 ; wherefore fet down 1, whichis - .39
the excefs of 11 above 10; and for the 10 carry 1 7

in mind to the next rank, faying 1 in mind added ————
to 7 makes 8, which added to 3 and 1 makes 12; 1,215
wherefore write 2, which is the excels of 12 above

N 10,
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10, under the line, referving 1 in mind for the 10 ; then prefix
a point before 2, which ftands in the firft place of Decimals;
and on the left-hand of the point, to wit, in the place of units,
or firft place of integers, write 1 (being the I in mind ;)
which done, the fum of the Decimals given, is, 1.215, thatis
one integer (whether it be 2 perch, yard, foot, &'c.)
and %25, parts of an integer, as you fee in the Ex-  32.056
ample. In like manner, thefe mixt numbers 32.056,  7.07
.07. and 1.9 being given to be added, their fum will 1.9
ge found to be 41.026, that is 41 integers, and 32~
parts of an integer, as you fee in the Margin., 41,026

385. To add Decimals that have fingle Repetends.

Rule. Make the Repetends conterminous; then add up the
right-hand column, and add thereto as many units as there are
nines contained in the fum, fo fhall the figure, to be placed
under. that column, be a Repetend, and the reft of the procefs
will beas in Art. 384.

ExAMPLE 1. ExAMPLE 2.
Numbers Made conter- Numbers Made conter-
propofed. minous, propofed.  minous.

2:3 2,33 4,724 4,724
2,4 2,% 28, 28,88¢
4,78 4,76 3 3,000
0,7 0,32 25,28 25,264
5,8 5,80 18,7 18,777
473 4:73 5> 5,553

20,74 86,213

In the firft Example, the fum of the right-hand column s
22, which contains 2 nines ; therefore fay 22 + 2 —24; fet
down ¢ for a Repetend, and carry 2. %he reft of the ope-
ration being as common.

In like manner, the fum of the right-hand column (in
Example 2,) being 30, contains 3 nines; therefore 30 4 =
33 : Therefore 3 is wrote for the Repetend, and 3 carried to
the next column,

%66. To add Decimals having compound Repetends.

ule. Make the Repetends fimilar and conterminous, and
add as in Art. 384. then to the right-hand figure of the fum
add as many units, as are carried from that column of figures,
wherein all the Repetends begin together, to the column next
above it: Laftly, dafh off for a Repetend, as many places as
were [0 in the numbers added together. ;

I ExaMPLE
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ExaMPLE 1. ExaMPpPLE 2.
Numbers Made fimilarand ~ Numbers Made fimilar and
propofed.  conterminous. propofed.  conterminous.
x64, 162,r62164 134, 99 I 34,-::2;:909::;

2,93 2,939393 97,28 97,26466068
177, 172,422221 99,08z 9,08733332
3769238  3,769238 I, 1,50800004
55 §,80000¢ ﬂ,g 14 0,81481487
3465093007 242,75572389

2 I

Anfwer 340,893009 242,75%72300

In the firft Example, the number 2, which is added to the
right-hand place, is the fame which is carried from the place
of primes, where the Repetends begin together, to the place
next above it.

And in the fecond Example, the number 1, which is fo ad-
ded, is the fame with that carried from the place of thirds.

387. Toadd approximate Decimals,

Rule. Place and work as in Art. 382 and 384. only obferve,
that the certain places of the Decimal are, for the moft part,
fewer by one than the Decimal places in any one of the Ap-
proximates given,

12.24518—
10.5
.28

345455
1.4.142]: £
1.25928 ¢

—— e e —

29.2532 . cerfain,

This Rule is fuch, that we thall fcarce ever err more than
uoity in the laft place; but by two operations, one made with
more than juft, the other made with lefs than juft, we fhall
always be able to judge how far is certain, viz, as far as they
agree, :

N 2 12
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12.34518 12.34517
10.§ 10.5
.28 .28
3.45455 345454
1.41422 1.41421
1.25029Q 1.25928
29.25324 20.25320

EHA P, XXVIL

SugTrAacTION of DEciMaL FRAcTIONS.

288. O fubtra& finite Decimals : Having firft fet down
the greater of the two numbers given (whether it be

a whole number, mixt number, or Decimal) and the leflerunder

the greater, according to the directions in Art. 382.

proceed as you are taught in Subtraction of whole  .837
numbers: So if this Decimal Fraction .784 were 784
given to be fubtra&ted from this Decimal .837, the ———
remainder will be .053, that is, +£3; parts of an 053
integer: In like manner, if this mixt number

78.919 were given to be fubtracted from 295.094, the remain-
der will be 216 175, In each of which Examples

you may obferve that 10 is borrowed as often as 295.094
need requires, according to the Rules of Subtrac-  78.919
tion of whole numbers of one Denomination: ————
Nite alfa, when the Decimals in both the num- 216.175
bers given do not confift of the fame number of

places, that Decimal which is defeCtive in places towards the
right-hand, fhould have the void places filled up with cyphers,
or at leaft cyphers muft be fuppofed to be annexed : So if this
Decimal .04338 be given to be fubtracted from

this .65, the remainder will be found to be 60662 65000
and the work will ftand as in the Margin; where .04338
you fee the three void places are fupplied with —-——
cyphers, and then the operation is as in whole 60662
numbers, by borrowing 10 as often as the lowelt

figure cannot be fubtracted from the upper.

3%a.
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389. To fubtract Decimals that have Repetends.

Rule. Make the Repetends fimilar and conterminous, and
fubtrac as in Art. 388. obferving only, if the Repetend of the
number to be fubtratted, be greater than the Repetend of the
number it is to be taken from 3 that then, the right-hand figure
of the remainder muft be lefs by unity than it would be if the
expreflions were finite. Note, The Repetend in the remain-
~ der will confift of as many places as thofe of the other two
numbers,

FxaMpLE 2.
Made conter-

ExAMPLE I.
Made conter-

minous. minous.
From 110,68 110,66664 From 5,0z §,0332
Take 064,14583 94,1458y Take 3,041 3,041
Remains 16,5208z 1,9917
Deduét I
Remains 1,991

EXAMPLE 3. ExamrLE 4.
Made fimilar Made fimilar
and conter- and conter-

minous. minous.
From 6,§71428 6,5514:{83’ From 10,5 10,580
Take 3,042% 3,642842% Take 3,43 3454
Remains 2,978 3;; 7 04.-6—
Dedué& 19885 1 Dedu& g
Remains 2,9285858 Bsiuing 7048

go. To fubtrat approximate Decimals.

le. Place as in Addition, and fubtract as in Art. 388. and

the laft place will never err more than an unit, if both are
made more than juft, or both lefs than juit.

10.5 84.3275+
3-45455 2.1847 +
7.04545 82,1428 .

N 3

CHAP
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CHAP XXVIIL

MuLrTrIrLicAaTION of DECiMAL FrRACTIONS,

391. HEN two numbers are given to be multiplied,
and are both mixt numbers, or both Décimal
Fraétions, or one of them a whole number, and the other a
Decimal or mixt number, (which are all the cafes that can
happen) there is no neceflity of writing them precifely one un-
der the other, as in Addition and Subtraétion ; for the product
or number fought in Multiplication depends not upon any re-
gular placing of the two numbers given: So if this mixt
number 56,3 were given to be added to this mixt
number 1,30526, they ought to be fet down one 1.30526
under the other, as you fee (according to Art. 56.3
382.) but if they are to be multiplied one by the
other, they may be writ thus:

1.30526
56.3

392. To multiply finite Decimals: Multiply the numbers
given as if they were whole numbers ; then cut off always from
the product by a point or comma, fo many places towards the
right-hand, as there are places of Decimal parts in both the
numberss given to be multiplied ; that done, the figure or fi-
gures, if any happen to be, on the left-hapd of the faid point
orline of feparation, declare the integeér or integers in the
produét, and thofe on the right hand of the point are decimal
parts of an integer: So if this mixt number 1.30526 be given
o be multiplied by this mixt number 56.3 (that is, 56 inte-
gers and 3, of an integer) the product will be found 73,4861 38,
that is, 7 3 integers, and %5%%% " parts of an integer ; for hav-
ing chofe that to be the Multiplier, which will caufe leaft
work, and fubfcribed it under the Multiplicand (to wit, 56.3
under the 1.30526) proceed according to the Rules of Multi-
plication of whole numbers, viz. having drawn a line under
the numbers given, multiply all the Multiplicand, to wit,
1.30520, asif it were a whole number, by 3 the firft multi-
plying figure, and fubfcribe the produét thereof which is
261578 under the line, and proceeding in like manner wi;zh

the
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the other muleiplying figures 6 and s, at laft find

the total of the particular produds, viz. 73,486138;  1.30526
and becaufe there are fix places or cZ:cimal parts 56. 3
in both the numbers given (to wit, § places of ——m——
decimal parts in the Multiplicand, and one place in 391578
the Multiplier) cut off 6 places to the right-hand 783156
from the total ‘before produced, fo will it ftand 652630
thus 73,486138Wherefore the true produét is

486138

73 438138 or 73,486138, thatis, 73 integers 73;436138

and almofit one half of an integer. |
In like manner, if this mixt number 246,25 (that is 246

.25.) were given to be multiplied by 35 integers,

the true produét will be found 8618.75, that is 246.25

8618 integers, and 25 parts of an integer, as you 35
fee by the operation in the Margin, where you e—————
may obferve that two places are cut off from the 123125

number produced by the Multiplication, towards 23875
the right-hand, becaufe there are two places of ———
Decimals in the Multiplicand (the Multiplier con- 8618.75
{ifting of integers only;) but if there had been s
decimal parts alfo in the Multiplier, fo many more places fhould
have been cut off, as we fhewed in the firft Example.

Again, if thefe two Decimals .87 and .g (to wit, 37 and
%) were given to be multiplied one by the other, the true
product will be found to be .783, that is {"%%
parts of an integer, as you fee in the Example ; .87
where you may obferve that the produét is a -9
Fraétion only ; for after 3 places (being the num-

- ber of places of Decimals in both the numbers .783

oiven to be multiplied) are cut off to the right-
hand, there remains no integer on the left-hand.
393. When the Multiplication is finifhed, if there arife not
fo many places in all as ought to be cut off by Art. 392.
which may often happen when the product is a
raction;;) in fuch cafe, as many places as are .0375
wanting, fo many cyphers muft be perfixed to the .05
product on the left-hand thereof, and then a point  ~ 551875
or comma muft be perfixed to fign the produ& fo ———7

increafed for a Decimal: So thefe Decimals .0375 Ségig
and .05 being given to be multiplied one by the ——
other, multiply 375 by 5, and there arifes 1875 : 33159
Now, according to A’th, 392. I fhould cutoff 6 11950

places to the right-hand, and here are but 4 in .0143050

all; therefore I prefix two cyphers, to wit, as .

many as there are places wanting, and then perfixing 2 pﬂiﬂﬁr
e 4 the
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the true produét will be .co1875, or +-1275~. Ia like manner,
if this mixt number 5.525 be multiplied by this Decimal .0026,

the true preduét will be found to be .0143650 (or 43650
as you may fee by the operation in the Margin, where one
cypher is perfixed to the numbers arifing from the Multiplica-
tion to difcover the true produdt,

294. To multiply a finite Decimal by a Decimal which has

a Repetend.
Rule. Reduce the repeating Decimal to its equivalent Vul-

gar or mixt Fraction, by 4rt. 377. multiply the finite Decimal
by the Numerator of fuch Frattion, as in Art. 3g2. and di-
vide by its Denominator, according to the method taught in
Art. 108. fo fhall the refult be the produét reguired.

The reafon of this operation will appear from Art. 2gq.

Example 1, Multiply 48,734 by 0,04.
0,04 = ..C'_"‘ib}r Art. 380.

48,734 X 0,42=19,4936 by A4rt. 392.
And .‘.914_932. = 2,16593 the Anfwer.

9
Note, When the Divifor is a fingle g, it feems eafier to ufe
the common method of Divifion, than to proceed by Arz. 108,
Example 2. Multiply 48,77 by 4.

18,78 =258 by 41, 377,

438,8 % 4 = 1755,2 by Art. 392.
And 1332 _ 19504, the Anfwer.

Example 3. Multiply 58,7645 by 7.
587058 = 4
58,7§4,5 = =—_2—by Art. 377.

999
58,7
And 58705,8 x7 =410940,6 by 4rt. 391.
7
Alfo 410940,600 divided by 999=411,3 333 of ',
410,350
ey

411,351g
Where obferve, that becaufe there is one Decimal place in
the Dividend 410940,6, thercfore there is one Decimal place
in the Quotient 411,3, alfo that the remainder (519) will al-
ways be a Repetend, Example

[
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Examp. 4. Multiply 48,76 by 0,1345.

05134, = I;;;'q' by Art, 377.

5 I :
13454 X 48,76 =6553,344 by 4rt. 392.
48,76 '
8cba4

9408
10752

5376

6553,34400 divided by 999 = 6,559 993 of. 1.
655989 i
I

6:559‘5@5

205. To multiply Decimals when both FaGors have Re-
petends.

" Rule. Reduce them to Vulgar or mixt Fra&ions, by Art.
77~ then multiply their Numerators together, as in 4rt. 392.

aftly divide by each of their Denominators feparately, accord-
ing to Art. 108.

This procefs is the fame as in Multiplication of Vulgar
Fraétions,

Example 1. Multiply. 2,2 by s,f.
A 2T and 5.8 =21 by Art. 378,

9 9
21 X 51 = 1071 by Art, 78.
105
9)I1071
g)119

D b i —

I -
13:7 And 9—-2% T3,

. Example
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Example 2. Multiply 1,7 by Ly,
3 i Ifb}r Art, 378.

10 X 10 = 100
9)100

E————— 1

Q)II,FITIIIII .

¥,2345679¢ the Anfwer.
Example 3. Multiply 3,147 by 4,707

148 = ?;:;4 and 4,797 :___;2913 byArt.377.and 378. .
4293 X 3114 = 1336840,2 by 4rt. 392,
311,4
17172
4293 1336840,2
42973 999 — 1333,1,?.83 b}i’ Art. 108,
12879 -
w 133 1113‘33'
1330840,20 and L30T =13,5469533
133817
1338,1787783783783783 &%,
3135 IggSI zgﬁggq.gngq.
1223445

13,5%6953316953316952 &,

The operation of the Divifion by gg is continued by writing
(783) the Repetend of the former Quotient as often as was
convenient, that the reader might be the better fatisfied that |
#6953 will repeat in the latter Quotient, |

6. To multiply finite or approximate Decimals. fo tha
thaz grodu& {hall mgﬂﬁ: of no m{!ﬁ than a determinate,numbe:
of places.

Rule. Under that place in the Multiplicand, thought necef-
fary to be retain'd in the Produ&, write the unit’s place of the
Maultiplier, and invert the order of all its other places; that is,

write the Detimals on the left, agd the integers (if
ke . gers (if any) on

In,
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In multiplying, omit thofe places in the Multiplicand which
ftand to the right of the digit multiplying by, and let the right-
hand place of every line ftand under each other,

In each line, let the loweft place be increafed by the carriage
which would arife from the omitted places, carrying 1 from g
to 15, 2 from 15 to 25, 3 from 25 to 35, &c. inftead of
carrying 1 for every 10; and the fum of thefe lines will give
the produét, generally exaét. :

Note, in multiplying approximate Decimals by the method
of Art. 392. many figures in the produ& will be uncertain, the
finding of which will be avoided by ufing this Rule,

Example 1. Multiply 384,672158, by 36,8345.

Now feeing there would be 1o decimal places in the produ,
whereof the greateft part are upneceflary ; therefore keep only
4 decimal places in the produét,

384,672158
5438,63 |
384,672158
115,401647 . 36,8345
23080329 . .
o o o 192 60790
3:};23,31 “.ea 1538g %Hﬁg
35387 « o0 o4 115401 | 6474
123 ¢ stv v & 8 3077377 } 264
v 23030329 | 48
1410952005 « + + s + o 115401047 | 4

14169,2066 | 038:5 10

Here the Example is wrought both ways, by which may be
\eafily feen what is fav’d by the Rule.

_In this Example, becaufe it is intended to keep 4 decimal
places in the produdt, fet 6, the unit’s place of the Multiplier
under 1, the 4th place in Decimals of the Multiplicand, and
invert the order of all the reft of the figures: Then fay three
times 8 is 24, and carry 2; three times 5 is 15, and 2'is 173
now fet down the 7 and carry 1, becaufe this is the product,
arifing by multiplying the 5 that ftands over the 3.

Again, 6 times 8 is 48, and carry 5; 6 times 5 is go, and
51s 35, and carry 3; 6 times 1is 6, and 3is g: Now being
come to the figure over the 6, fet down g, &,

Again, 8 times § is 40, and carry 4; 8 times 1is 8, and 4
1 12, and carry 1; 8 times 2 is 16, and 1 is 17: Now being
come to the figure over the 8, fet down 7, and carry 1, &,
proceeding in like manner till all is done,

Examply
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FExample 2, Multiply 3,141592 by 52,7438, fo as to have
enly 4 Decimal places in the produét.

3,1415062
8347525

1570796

62832

2 qu I

1256

G4

25

i L m—

165,6994,

C Hr AP XXIXC

DivisioN of DEciMAL FRACTIONS.

997. T N any of the cafes which may happen in Divifion, if
the Dividend be greater than the Divifor, the Quotient
will be either a whole number, or ¢lfe 2 mixt number: But
when the Dividend is lefs than the Divifor, the Quotient muft |
neceffarily be a Fra&ion; for a lefler number is contained in |
a greater once at the leaft, but 2 greater is not contained once |

-

in a lefler. A

398. Sometimes the Dividend, whether it be 2 whole num- |
ber, mixt number, or decimal Fra&ion, is to be prepared by
annexing a competent number of cyphers thereto, to make |
room for the Divifor: So if 32.5 were given to be divided by |
1{315, the Dividend 32.5 muft be increafed with cyphers at |
pleafure after this manner 32.50000, &¢. Likewife if 1 were|
given to be divided by 360, the Divifion cannot be made till |
the Dividend 1 be increafed with cyphers, which being annex-
ed, the Dividend will ftand thus 1.00c000, &¢c. Here note,
that the cyphers annexed in manner aforefaid, fupply places
of decimal parts, and will be ufeful in difcevering the quality
of the Quotient, according to Art. 400.

399. After the Dividend is prepared by annexing cyphers,
when occafion requires, (as in the laft Rule,) all the IEIM:?
thered




Chap. XXIX. Dzvifion of Decimal Fradtions. 18¢

thereof muft be efteemed as one whole number, (to wit, con-
fifting of units, or integers;) and fo is the Divifor to be
efteemed, whether it be a Decimal Fra&ion, or mixt number ;
for in all cafes the Divifion muft be performed in every refpect
according to the Rules of Divifion of whole numbers. So if
this mixt number 326.25 were given to be divided by this mixt
number 12.3, you muft divide in the fame manner, as when
you divide 21&25 integers by 1273 integers. Alfo if this De-
cimal .8356 were given to be divided by this Decimal .c5,
you are to divide in the fame manner, as when you divide
8356 integers by 5 integers; and after the Quotient is found,
the degree or place of the firft figure which arifes in the Quo-
tient, is to be enquired after, v/z. you muft know how far fuch
figure is diftant from the place of units, to the end, that the
point or comma which is ufed to feparate between the place
of units (or firft place of integers) and the firft place of Deci-
mals, may be duly fixed: This is the only knot in Decimal
Divifion, and may be refolved by the following Rule, viz,

400. In any of the cafes which may happen in Divifion of

* Decimals, the firft figure which arifes in the Quotient will

be always of the fame place or degree with that hgureor cy-
pher of the Dividend, which at the firft queftion Eands over,
or at leaft belongs to the place of units in the Divifor. To
illuftrate this Rule, I fhall give Examples in all the principal -
cafes; and firft, let a mixt number be given to be divided by a
mixt number, vz, Let it be required to divide 172.5 by 3.746,
here (according to Art. 398.) the Dividend muft be increafed
with cyphers at pleafure, fo will it ftand thus 172.500000, &,
then Divifion being made according to the Rules of Divifion of
whole numbers, the Quotient arifing will be 46049, &,
3-746)172.500000(46049, &,

Now it remains to feparate the integers in this Quotient
from the Decimal parts ; to perform which, fubferibe the Di-
vifor 3.746, orderly under the firft Dividual 172.50 (being

3.746) 172.500000 (46.049, &¢,

3.745

that part of the Dividend, whereof the firft queftion muft be
afked) or at leaft imagine the Divifor to be fo fubfcribed, and
the figure 3 which ftands in the place of units in the Divifor
will be placed under 7, which is the place of tens, (or fe-
cond place of integers) in the Dividend; therefore by the

: Rule
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Rule before given conclude that the firft figure arifing in the
Quotient muft likewile ftand in the place of tens (or fecond
place of integers) and confequently the next place on the
vight-hand muft be the place of units; fo it is evident
that the feparating point or comma muft be placed between
the figure 6 and o in the Quotient; that done, the true Quo-
tient is found to be 46.049 &'¢. to wit, 46 integers and
&35 parts of an integer, and fomewhat more ; for 46 ;42 is
lefs than the true Quotient; but 46 .32 is greater than it;
and therefore, tho’, after the aforefaid Divifion of 152,500000
by 3.746 is ended, there will be a remainder, to wit, 446,
which feems to be greater, yet here it islefs in value than

voww Part of an unit or integer ; and if to that remainder you

annex another cypher and continue the Divifion, you will pro=
ceed nearer the truth, and not mifs 1525 part of an unit of the
true Quotient, and in that order you may proceed until you
find a Repetend.

Example 2. Suppofe this mixt number 2,34 be given to be
divided by this mixt number §2.125 (where you may obferve
that the J.i')i'urichf:n-::t is lefs than the Divifor;) firft (as before)
annex cyphers at pleafure to the Dividend, to make room for
the Divifor, then the Divifion being profecuted as in whole
pumbers, at length thefe figures will arife in the Quotient,
to wit,

52.125) 2.3400000 (.0448, &,

L B

52.12%

448; and to the end the degree or quality of the firft figure 4
may be difcovered, fubfcribe the Divifor §2.125 under the
Dividual 2. 34000 (for fo far the firft queftion did extend in
the Divifion ;) and thereby find that the figure 2, which ftandsin
the place of units in the Divifor, will be feated under 4, which
is in the fecond place of Decimals ; therefore the firft figure
arifing in the Quotient muft alfo ftand in the fecond place of

Decimals, and confequently the firft place of Decimals (which
Is next on the left-hand to the fecond) muft be fupplied with |

a cypher; fo that if a cypher be prefixed on the left-hand of |

4, and then 2 point placed before that cypher, the Quotient
will at length be difcovered to be .0448, &¢c. or 442 and
fomewhat more, thatis to fay, 445, is lefs than the true
Quotient, but ;252 is greater than it; and if you would pro-
ceed nearer the truth, you may continue the divifion, as is
diredted in the firt Example of this Rule,

Example
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Example 3. Where a whole number is divided by a Deci-
mal Fraétion, wiz. fuppofing 82 integers were given to be di-
vided by this Decimal .056: After cyphers are annexed to
the Dividend at pleafure, and the Divifion profecuted as im

.056) 82.00000 (146428 &.
whole numbers (to wit, 8200000 being divided by 56) thefe
figures 146428 will arife in the Quotient; now to the end the
degree or feat of 1, the firft figure in the Quotient, may be
known, fubfcribe the Divifor .056 under the firftDividual 82 (for
fo far did the firft queftion in the Divifion extend ;) and becaufe
the Divifor is lefs than unity, fupply the place of units by a cy-
pher or 0 prefixed on the left-hand of the point of feparation

in the Divifor; alfo prefix cyphers before, (to wit, on the lefe-
hand of) the integers in the Dividend, to reprefent a fucceffion
of places of integers (for the order of places in integers is
fsom the right-hand towards the left;) then the cypher or 0
which reprefents the place of units in the Divifor, ftands under
that cypher, which reprefents the fourth place of integers in the
Dividend (as you fee by the Example) therefore the firft fi-
gure arifing in the Quotient muft alfo be feated in the fourth
place of integers, and confequently the 4 firft places in the
Quotient will be Integers, and the reft a Decimal : So that the
true Quotient is 1464 Integers, and 2% parts of an Integer,
and fomewhat more, viz. 1464.28 is lefs than the true Quo-
tient, but 1464.29 is greater than it.
Example 4. Suppofe this Decimal .0125 be given to be di-

. vided by this Decimal .5; after Divifion is

 finifbed according to the Rules of Divifion of .5).0125(23

| whole numbers (to wit, after 125 is divided by

| 5) thefe figures 25 will arife in the Quotient; now to difcover the

degree or {eat of 2 the firft figure in the Quotient, fubfcribe

the Divifor 5 under the firft Dividual .012,

and baving (as in the laft Example) prefixed  .5) .0125 (.025

a cypher on the left-hand of the point of fe- .

paration in the Divilor, to denote, or repre- 0.5

fent the place of units, fuch cypher or place

of units ftands under the figure which is feated in the fecond

place of Decimals in the Dividend, therefore the firft figure

which arifes in the Quotient muft alfo be in the fecond place

of Decimals, and therefore prefixing a cypher to fupply the firft

place
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place of Decimals, and putting a point before that cypher, the

uotient is at length difcovered to be .025 or 25,

Example 5. Suppofe this Decimal .8564 be given to be di-
vided by this .co8. Firft, annex cyphers to the Dividend at
pleafure, then profecuting the Divifion as in whole numbers,
to wit, dividing .856400 by 8, the
Quotient arifing is 107050: Now ,008) 856400 (107050
to difcover the degree or place of
1, the firft figure in the Quotient, fubfcribe the Divifor ,008
under the firft Dividual .8, then
prefix a cypher to fet forth, or .008) 000.85640 (107.050
fupply the place of units in the :

Divifor ; alfo prefix cyphers to 0.008

reprefent places of integers in |
the Dividend ; that done, the cypher or o, which fupplies the
place of the unitsin the Divifor, ftands under the cypher which is
feated in the third place of integers in the Dividend: There-
fore the firft figure arifing in the Quotient muft be alfo in the
third place of integers, and confequently the three firft places
in the Quotient will be Integers, and the reft a Decimal; fo
that the true Quotient is 107.050 or 107 +3. :

Example 6. Let it be required to divide this Decimal Frac-
tion .73952 by this .32 ; firft, dividing 73952 by 32, as if they
were whole numbers, the figures arifing in the Quotient will
be 2311. Now, to difcover the quality or value of the faid
figures, fubfcribe the Divifor .32 under the firft Dividual 73,
then prefixing a cypher as well on the

left-hand of the Dividend, as of the .32) 0.73952 (2.3Ii |

Divifor fo fubferibed (or imagined to
be fubfcribed) as aforefaid, to repre- 0.32
fent the place of units in each of |
them, the cypher or o, which fupplies the place of units in
the Divifor, ftands under the o, which reprefents the place of
units in the Dividend ; wherefore the firft figure arifing in the
Quotient will ftand in the place of units, and confequently
the following places of the Quotient will be a Decimal Frac-
tion, fo that the true Quotient is 2.311 or 255
401. Or the number of Decimal places in the Quotient of
any fuch Divifion may be found thus: | ;
Rule, From the number of Decimal places ufed in the Di-
vidend, take the number of Decimal places in the Divifor, and
the remainder will be the number of Decimal places in the
Quotient, which number of places mark off by a point or
comma from the right-hand in the Quotient; but if there I:r:
© no

e




Chap. XXIX. Divifionof Decimal Fradtions. 193
not fo many places therein, as this Rule requires, {upply the

defe&t with cyphers on the left-hand.
In the firft Example, Art. 400 viz. -

3:746) 172,500000 (46049.

From (6) the number of Decimal places in the Dividend,
take (3) the number of Decimal places in the Divifor, the
remainder is 3 ; therefore in the Quotient let 3 places be mark’d
off from the right-hand, thus 46,049.

In the fecond Example, Art. 4oc. viz.

52,125) 2,3400000 (448,

From (7) the number of Decimal places in the Dividend,
take (3) their number in the Divifor, there remains 4 ; now
fince there are but 3 places in the Quotient, therefore 1 cypher
muft be placed on the left-hand of them to make their num-
ber equal with the above remainder 4, and then prefix the fepa-
rating comma, thus ,0448.

From the operation of thefe two Examples it follows, that this
Rule gives the fame refult with the former, in 4rt, 400,

This Rule is the converfe of that given for cutting off the
proper number of Decimal places in Multiplication, 4rt. 392.
For, {ince the produét of the Divifor and Quotient will be
equal to the Dividend, it will follow from Ars. 392, that the
Decimal places in the Dividend, muft be equal to the fum of
thofe in the Divifor and Quotient.

402, If the Dividend be a circulating Decimal, and the Di-
vifor finite, ufe the repeating figure or %gures in the fame man-
ner as cyphers are direCted to be ufed, in Areicles 398, 399,
and 400.

Examp. 1. Divide 195,07 by 4.
. 4) 195,022 &%,

48,758 e, =48,7%.
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Examp. 2. Divide 6,559403 by 48,76.
48,76) 6§5g9903903 e, (1345248 &e. =51348.
497

10839
14628

[ s i)

22110
19504

26062
24380

1683

This Divifion is continued till the Repetend occurs twice i
the Quotient for the reader’s fatisfaction.

403. If the Divifor be a circulating Decimal, make the Re~
petends of the Divifor and Dividend fimilar by Art. 370.
‘Then, inftead of them, ufe the Numerators of their equivalent
vulgar or mixed Fraétions (found by 4rt. 377.) in the fame
manner as finite Decimals in A4r¢, 398, 399, and 4c0.

Note, If the Dividend be finite, make it a fimilar Repetend
by annexing cyphers,

Example 1, Divide 2,16597 by 0,04.

0,4 21,6593
0,0 2,1659
0,4 19,4930

48,734

Examdle
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Example 2. Divide 54 by ,17.

»7 \ 540
I ) 54
1,6,/ 486,000(303,75%
48

6o
48

120
I12

8o
8o

o e

o]e]

Kxamp, 3. Divide 411,3517 by 58,7644,

53?64,5)41135r,9
411,

56705,8./ 41 0940,ﬁ(?
410940,0

Examp. 4. Divide 9 by ,43.
45> | 9°0
5)

9
45 / 89 1,0(19:3
45 \

R e

441
405

e

360
360

m——

L ~1a]

O2 Kxample




196  Divifion of Decimal Fractions. Chap. XXIX.

Example 5. Divide 13,7 by 5,8
56\ 132
5 g
1./ 119,0
= mz, (25'3

170
153

L

Example 6. Divide 1,2345679d by 1,1.
1111111111,) 1234567901,
1, I,

TITIII1110, 123456;9%,0(1:«!’
ITITIIILIO

——e

1234507900

Example 7. Divide 13,5269533 by 4,797
429?19?=) 13516953,3

4 13,5
4297293,

13516939,800f -
125918?9 (3:1'{5

6250608
4297293

19533150
17189172

23439780
21486465

1953355

404. Divifion by finite or approximate Decimals may be
contraéted as follows. \

Rule. 1et each remainder be a new Dividend, and for each
fuch new Dividend, point off one figure from the right-hand

of the Divifor; obferving at each Multiplication to have rré_
g'ﬁf
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405. Having explained all neceflary Rules in Divifion, con=«
cerning Decimal Fractions, I fhall givea tafte of their excellent
ufe by the two following Queftions, and then conclude this
Chapter.

Dueft. 1. A merchant bought of gold plate 356 ounces, 13
penny-weights, and 15 grains, for 1160 pounds Sterling 3 the
queftion is, what he paid for an ounce ? Anfw. 3l. §s. 1d. very
near. The operation by Decimals may be after this manncr,

iz
By the fecond Tablet of Reduétion the Deci- } 65

mal of 13 penny-weightsis == == —

The Decimal of 15 grains is — — —  .03I25
The fum of thefe two Decimalsis — —  .68123.
Therefore the quantity of plate in ounces and

Decimal parts of an ounceis — — — } 35668125

Then by the Rule of Three, fay, if 356.68125 ounces coft
1160 pounds, what will 1 ounce coft ? P?erc ’tis evident, that
if I divide 1160 by 356.68125, the Quotient will give the value !
of an ounce, to wit, 3.252 pounds, or 3 pounds, 5 fhillings,
and id. very near.

356.68125) 1160.0cc00c00 (3.252, &e.

Dusft. 2. Suppofe the length of the Tropical year, (or the
fpace of time in which the fun running through the whole
Ecliptic circle, confifting of 360 degrees, is returned to the
fame Equinoéial or Solftitial point from whence he departed)
to confift of 365 days, 5 hours, and 49 minutes, the queftion
i to know the fun’s mean or equal motion for 1 day, to wit,
what part of 360 degrees the fun moves thro’ in a whole day?
"The operation by Decimals, thus:

By the tenth Tablet of Reduction the Decimal
correfpondent to § hours is — — — } 2083333
The Decimal of 4g1s — =— — — —  .0340277
The fum of thofe Decimals is — — — — .242301¢
Therefore the time given in da}rs and Deci- 1
mal partsof adayis — — — — I’ 365.2423611

Then by the Rule of Three, if 365.24236% days give 360
degrees (or a total circumference) what will 1 day give? Here
divide 360 by 365.242306¢, the Quotient will give the diurnal
motion required 3 which will be found very near .g8564, .
or 253584 parts of a degree, which Decimal being reducted ta
the common Sexagenary parts (by Art. 364.) will give 59" 87,
¢>c. and fuch is the fun’s diurnal motion very near, according
to the aforefaid fuppofition of the length of the Tropical year.

2 L
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I fhall here add the vulgar Sexagenary refolution of this
queftion, that by comparing both ways together, the excellency
of Decimal Arithmetic in calculations of this nature may be the
more perfpicuous.

The aforefaid queftions being ftated according to the Rule
of Three, will ftand thus:

Days. Hours. Min. Degrees. Day.
- 08 o8 iee g 3 BbOY . 22y

The firft term in the Rule muft be reduced into minutes (by

Art. 121.) fo there will be found 525649 minutes.

69 R A
365 : 5 : 49
24
1465
730

8765 Hours,
6o

R =

525949 Manutes.

Likewife the third term 1 Day muft be reduced to Minutes,
which will be found to be 1440, as you fee by the following
operatioi.

1 Day, or 24 Hours,
6o

1440

Then multiply the third term by the fecond, to wit, 1440
by 360, the produét is 518400, which being divided by the
firft term 525949 the quotient will give $13£27. parts of a de-
gree, by Art. 255. which Fra&ion being reduced to the ac-
cuftomed Sexagenary parts (by Art. 267.) will give as before
5?’. 8“, &'¢. for the fun’s mean diurnal motion: Now which
of thefe two ways is the more expeditious, I leave to him whe
is fkilled in both- to determine,

04 CHAP,
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CHATR XY
. The Un1versaL RULE of ProPoRTION.

406. Y producing termis, in the following Rule, are meant
| whatfeever neceflarily and jointly produce any effet;
as the caufe and the time; length, breadth, and depth; the

buyer and his money ; the feller and his goods, &c. and by -

oduced terms, fuch as are the effects of the former, as pur-
chafe, produce, expence, gain, lofs, intereft, value, &¢.

R uveyeE
Y. Set down the terms expreffing the condition of the queftion in
one line, and in any order.
2. Under each conditional term, [et its correfponding one, in a-
nother line.
3. Mulriply the producing terms of one line, and the produced
- term of the other line, continually, and take the refult for a
Dividend. -
4. Multiply the remaining terms continually, and let their pro-
duél be the Divifor, _ _ :
< 5. The Quotient of this Divifion will be the term required.
_This Rule is fo general, as to comprehend all cafes that
come under the common Rule of Three, whether direét or in-
verfe ; whether fingle, or any how compounded; in integers or
fractions ; fo that queftions in any of the above Riles, where
proportion is ufed, may be readily folved thereby.
Example 1. (Being the firft propofed in Art. 145.) If 4
ftudents fpend rg pounds in 3 months, how much will ferve 8

ftudents g monchs?
. Siudents, L. Mom,
The terms expreffing the condition }

of the queltion 4 19 3
The terins correfponding to them :
| 1 i ‘ ; B ﬁ g
.- putting A to fignify the anfwer—

Here the fludents and months are producing terms, and the
money or expence is produced,

And therefore the producing terms of the lower line, vrz.

& ftudents and g months, are to be multiplied by 19/ the

produced term of the upper line for a Dividend: And the pro-

duct of the remaining terms 4 ftudents and 3 months, is to

' be

2=
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be the Divifor : This Dividend and Divifor exprefled in the
manner of a vulgar Fradtion, may, by 4rz. 276. fland as
below. |
B0 x_{_?_' — A, or the anfwer,
: 4%3
Which expreffion being abbreviated by Art, 266. will be
reduced as follows :
8xgxIg 2XQxXIQ 2X3XI9
T T S e T i

- Examp. 2. (Being the laft Example propofed in Art. 145.)

If g buthels of provender ferve 8 horles 12 days, how many

days will 24 bufhels laft 16 horfes?

' Bufhels. fﬁrﬁ:. Da_}r.r.
Conditional terms ——— 9 8 12
Correfponding —_— 24 16 A.

Where the horfes and days are producing and the confump-
tion of provender produced.

Thérefore A — Bx1zx24 qu.x‘l’.q. 8}:4.:{3 =

gx16 — 3xXi16 —

—6x19 =174, the anfwer,

4%8 2x8
Ix2 IxI

~ Examp. 3. (Being the Example in Art. 152.) If the carriage
of 8 C. wt. 120 miles, coft 48 thillings; for how much may
I have 4 C. wt. carried 32 miles?

— 28 —16 the an{wer.

C. wt. Miles. Shil.
Conditional terms esgme s g U bniead L
Correfponding 4 T
Where the weight and diftance are producing, and the ex-
pence produced.

Therefore A = 3243 = 4332!6: 6 5.
8x128 1x128
Examp. 4. A regiment of 136 foldiers eat up 391 quarters of
wheat in 108 days, I demand how many quarters of wheat
11232 foldiers will eat in 56 days?
: Sold. Duarters, Days,
Conditional terms 136 291 108
Correfponding , 11232 A, 56

Therefore A = 11232%56x301  _ , ppeta
erefore 35708 04 % 7 x 23

16744 quarters,
e Examp,
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Examp. 5. If 50 acres of grafs be mowed by 24 men in 28
days, how many men will do the fame work in 24 days?

Acres. Men. Days.

Conditional terms 50 24 28
Correfponding go A 24
Therefore A:mxzﬂxsn — 28 men.
50X24:

Examp. 6. If 48 bufhels of corn, or other feed, yield 576
bufhels in a year, how many will 240 buthels yield in 6 years

at that rate ? That is to fay, if there were fowed 240 bufhels

every one of the 6 years.
Bufbels. Years. Priduce.

Conditional terms == — 48 I 576
Correfponding —— — 240 6 A,
Therefore A = 240:::15 28 = 30X576 = 17280 Bufh, '

E.éamp. 7. If 40 fhillings is the wages of 8 men for 5 days,
what will be the wages of 32 men for 24 days?

Shil.  Men, Days,

Conditional terms 40 3 5
Correfponding S v A
Therefore A :32}{;::%0: 32X24=768 fhillings.

Examp. 8. Tf, in a family confifting of v perfons, there are
drank out 2 kilderkins of beer in 12 days, how many kilder-
kins will there be drank out in 8 days, by another family con-

Nifting of 14 perfons?
Perfins, Kilderk, Days.

Conditional terms ———— 7 2 12
Correfponding  —— 14 i 8
Therefore A — r4}<8xi: E .9 = Kilderkins.
TH12 3 Z

. E£xamp. 9. If when wine is worth 30/, per tun, 20 /. worth
is fufficient for the ordinary of 100 men, how many men will
4 /. worth fuffice; when it is worth 241, per tun?  Anfiwer
25 men, ' |

Tﬂﬁ ¥
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Tun, [f. [f. Men,

Conditional terms E 20 7o Y 1an
Correfponding TR R e
Therefore A — 32X 100 X4 = § x §="25.
24 X20

Examp. 10, If 48 pioneers in 12 days, caft up a trench 14
rds long, how many pioncers will caft up a trench 168 yards
ong in 16 days?

 Pioneers. Days.  Long,

Conditional terms 48 12 4
Correfponding e 16 168
Therefore A = iR 'ixgﬁg_—.g X 12 X 12 = 432 Pioneers,
14 X1

Examp. 11. If 12C. weight being carried 100 miles, coft
6/. 65. I defire to know how many C. weight may be carried
150 miles for 12/, 1257

6l 65. =126, and 12 125 = 252s.
Cavt., Miles,  Shillings,

Conditional terms 12 100 126
Correfponding eem———— A, 150 252
Therefore A = 12X 100 X252 4 % 2% 2= 166 wt.
126 X 150

Examp. 12. If 60 ells Englifh be equal to 100 ells Flemifh,
and each ell Englifh contains 20 nails of a yard, how many
fych nails doth the Flemifh ell contain?

Ells Eng, Nails. Ell Flem,
Conditional terms e 60 20 100
Correfponding | A, I
' Therefore A = Sox0XD =6 x2=12
: 100 X1
Examp. 13. If 14 men, in 15 days, build 16 rods of wall ;
How many men muft added be,to do’tin2,that’sall?
Men. Days.  Rods.
14 15 16

Conditional terms

Correfponding A. 2 16
Therefore A = 14:;512 LB 7 X 1§ = I05.

That is 105 men will build it in 2 days; therefore (to the
¥4 men ) g1 muft be added.

Examp,
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Examp. 14. If 8 cannonsin one day fpend 48 barrels of
powder, [ demand how many barrels 24 cannons will fpend in
‘22 days?

Conditional terms I 48
Correfponding ———— 24 22 A.
Thﬁrcforcﬂ:24 ;2;:: 48 24 X 22 x 6 = 3168 Barrels.

Exam. 15, If 15 hundred Briti/b lead coft 16 pounds in gold,
How much of thatSaturnian ore for 40 poundsis fold ?
C.

e

Conditional terms ~ —  I5 1
Correfponding A. 40
Therefore A — 13 X40 _15X5 75 _ 373G
16 2 2 g

Exam. 10, If 90 pence and 20 groats, buy 5o pints of wine,
r30p 308 y 5¢p
What is the coft of €0 quarts in current Englifb coin ?
30 groats = 30 X 4 = 120 pence, 120 4+ 30 = I50 pence;

and 50 pints = 25 quafts.
Quarts.  Pence.

Conditional terms : 25 150
Correfponding 6o A,
Therefore A = 6o x150 =60 x 6 =360d.==1. 10s.
25 '

Exam.17.1f g pounds of our Englifh wool, doth go pence require,
The value of 1C. weight of you I do defire ?

b Pence.
Conditional terms 9 9o
Correfponding  — 112 A,
Therefore A= 222%9% — 115 % 10 = 11204, — 4l 135, 4d.

9
Exam. 18, If 165, and a crown, for 13 weeks {upply
For meat and drink, that is my board ; how much
a day gave I?
165, 4+ 1crown = 215, and 13 weeks = 13 x 7 = g1 days.
Man, Days, Shillings.
Conditional terms — I gI 21
Correfponding ——— ] I A,

’ I X1 }21 a1
Therefore A = ———— ——s. = 234. nearly,
I RGeS gi

407.

Cannons. Days. Barrels.

e
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407. When this Rule is to be applied to Fradtions, after
reducing mixed numbers to improper Fractions, and compound
Fra&ions to fingle ones, obferve,

19, That to multiply by a Fra&tion is to multiply by the
Numerator, and to divide by the Denominator thereof :
Therefore having prepared a line to feparate the Numerator of
the anfwer from the Denominator, as below,

A==
Write the Numerator of a Fration, which is to be multiplied
by, above that line, and the Denominator below it.

29, To divide by a Fra&ion, is to multiply by its De-
nominator, and divide by its Numerator : Therefore write the
Denominator of a Fra&ion which is directed to be a Divifor
above the line, and its Numerator bglow it.

Examp. 1g. (Being the fame as in the old editions of this
work is given as the firft in the Rule of Three dire& in Frac-
tions) If 2 of a yard of velvet be fold for 3 of a pound, what
will 5 of a yard coft ?

Conditional terms 3 Yard. 2 [.
. Correfponding . 3 Yard.
Here the goods are producing terms, and the money produced.

Therefore the produt of £ by 2 is to be divided by 2 : Now

5X2
the produét of 2 by % will be reprefented by IS_ by the firfs
dire&ion above, and therefore
A= %;—g-;—-;—‘ by the fecond diredtion,
Whence A =32224 = SX4 29,

6X3X3  3X3x3 27
20 21 )
A“d Lo !& : I 5e dgl—nl-d— e I 5 dp- — bY a’fff- 26?!
. fi9demn rota 1L S0

Examp. 20. When 2 of  of a fhip is valued at 197 /. 115
3 d. how much is the whole thip worth ?

'z‘uf"g': Eﬁi and 197 /. 11+ 34. = L.E-g—-“f.
3 4 5x4 - o) '
Ship. L.
i g 2x3 15805
Conditional terms ] =
Correfponding  ~—————e———— I A,

T herefore



206 The Univer(al Rule of Proportion. Chap. XXX,
Therefore A=2X13805%5%e _ 15805,

goX2X3 4X2X3
And 15008 15805 — 658L 105, 10d.
4X2X3 24

Examp. 21. (Being the firft Example in the Rule of Three
Inverfe in Fraéions in the old edition.) If cloth which is 13
yards in breadth and 3} yards long will make a cloak, how
much in length of ftuft which is § of a yard in breadth, will
make 2 cloak of the fame bignefs with the former ?

13 =% and 33 = 4

Yards lmg. Yards broad. Claks,
Conditional terms z I
Correfponding  —=—— A : I

]
Here the length and breadth are producing, and the gars
ment produced.

Therefore A :.J:r':’{?:’“M8 = i — 49 — i
2 X4X1X5 5 5 5
Examp. 22. If 182 yards of ferge coft 2/. 55. how many

yards of the fame may I have for 300 guineas at 21 5. 64,
each?

fun ]

183 = 73 yards, 2/, §5. = 455 and 215 64, 43,
Yards, Pes. Men, S hillings,
Conditional terms =— 73 I 4

&
oyl ke 300 43
Therefore A == J25800%43 - A5R543
T 4X2X45X1 2

Examp. 23. Bought a cafk of wine for 62/. 85, how many
gallons were in the fame, when the gallon was valued at

=2687% yards.

55, 4d.
62/, 8s ="*22t] and . gd == 22X
: Gal, g{'
Conditional terms ¥ S
Correfponding A, fgg’f
1X1248X2
Therefore A = : 40:;'8 X3 = 234 gallons.

20X64

& |

Examp. 24. 1f15 poundscoft 16 pence, of bread that’s made |

of rye,

How many loaves, of 6 pounds each, for four- |

{core pounds had I?
Lodf.
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Loaf, B, Pence,

Conditional terms 1 ipgisias
Correfponding - Al G RICRE

Therefore A = 22235 i‘;ﬂ“’n =15 X § X 40=3000.

Examp. 25. (Being the firft Example in the Double Rule of
Three in Fractions in the old edition) If I pay 28§ thillings
for the carriage of 3 C. wt. 50 miles; how much ought I to
pay for the carriage of 17 C. wt. 84 mileai::

3“6:!'! C- Wi, Mﬂ‘?&';

Conditional terms 28 3 50
Correfponding — A, 17 84
Therefore A IO X208 17 XWXI4_ o) 6,60, 28

3X50 = 1X23

Examp. 26, (Being the fecond Example in the laff men-
tioned Rule) If 403/ in % of a Year gain 22/, what will 100/,
gain in -Z; of a year?

Now 40% = *23; and 22 = 4,

£ Xears. [.

Conditional terms . 25t 2 s
Correfponding 100 o7 :

I herefore Ax= SO0 X 7X5 XS5 X3 ZIRT XSRS
T 12X2X203X2 — 4X203
Ang 25X7X5X5 _ 4375

TG TN Bz = 50 7% 9754

Examp, 27, An ufurer put 75/ out to receive intereft for
. the fame, and when it had continued g months, he received
. for principal and intereft 78 /. 75, 64. 1 demand at whae
| Tate per cent. per annum he received intereft ? .
. The amount 78 /. 75. 64. lefs the principal 75/, leaves the
fiteich 2/, 74. 60d. =33 L =54

Lo Months, [.

Conditional terms — 5 9 g
Correfponding 190 < 1% A.
Thercfore A = 100X12X27 2X3 = 6/. the anfyer,

75%9X8

Lxamp
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Examp. 28. If 17L ells of diaper, 3 of a yard wide, coft 5

guineas ; what coft 32} yards 3 of an cll wide, of the fama
fort and finenefs? '
i B — 35 ells =32 %5 yards ; 2 ells = 223 yards.
e 2 X4 3 3% 4
5 guineas= g/ .54 = 1557 L2 = 29, |

Yards long, Yards wide. £

=

Conditional terms 35%5 . 4 g iaa SR
2X4 4 20
Correfponding s 2X5
" I 3X4

: 129 X2 X § X105 X2 X4 X4
Therefore A = - —

4X3x4X20X35XFX3
1ig X2 XIgg X2  43XFX{X XL

S—
e—

FX20X34 X3 18 Xf X3

43 X3 43 : :
— = =87 121.

5%3 L

CHE AP XXX

Of PowERs, and their IND1cES, or Lo~ |

GARITHMS

408. Y F unity be continually multiplied by anjr number what-
I foever (fuppofe 2) the products arifing are called pow-

ers of that number ; thus 2. 4. 8. 16. &ec. are powers of |

the given number 2. ;
409. The given number (2) is called the firft power, being

called the fecond (power or fquare) being the product of the
fecond Multiplication ; the next number (8) is called the third

power (or cube) being the refult of the third Multiplications
&,

4104

produced by the firft Multiplication ; the next number (4) is .‘
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410. Again, with refpeét to any of the fuperior produéts 4.
B. 16. &%, the given number (2) is called the root; thus 2 is
the fquare root of 4; the cube root of 8; the biquadrate root
of 16, &¢.

411, The number of Multiplications uled, in producing any
power, is called its Index; thus, the index of the root 2 is 13
the index of the fquare 4, is 2; of the cube 8 is 3, &.

412. If a rank of powers be wrote, with their proper indexes
over them as below:

Indexes ®. FnieiFs doinfw 0.7 5, .
Powers’'3 .. 24 4. é . 16,32 . 64 . 128, &, Then,

Firfl, The fum of the indexes of any two powers, will
ftand over the produ&t of thofe powers; thus 5, the fum of 2
and 3, ftands in the rank of indexes over 32, the produ&t of
4 and 8 in the rank of powers; and 6, the fum of 3 and 3,
ftands over 64, the product of 8 and 8.

413. Secondly, The difference of the indexes of any two
powers, will be the index of the quotient arifing by dividing -
one of thofe powers by the other; thus 2, the difference of
the indexes 7 and 5, is the index of 4, the quotient of 128
divided by 32.

414. Hence having a few of the initial powers given, any
other power may be found, without finding all the intermediate

WEIS.

Rule. Compofe the index of the required power by the ad-
dition of the indexes of the given powers; then multiply the
powers correfponding to thofe indices, and the preduét will be
the power required.

Examp, 1. Let it be required by the help of the firft 7 powers

| of 2, given in Art. 412. to form the 20th power thereof.

T his may be performed divers ways, becaufe (20) the index
of the required power can be diverlely compofed of the given
indexes,

¥or 2 47 +6=20 the index of the required power.
5+5+5+5=20
3+44+6+4+7=20

e,

-~ And 128 X 128 X 64=1048576 the power required.
32%32 X 32 x 32=1048576
8xX16 X 64 x128=1048576

P 4135.
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415. If unity be continually divided by any number (2) the

quotients arifing . 3.5+ 19> &¢c. may be alfo called powers of 2.

416. But, becaule the formation of thefe laft powers is by
a procefs direCtly contrary to the former, the indexes of thefe
powers are generally diftinguifhed, from the indexes of thofe,
by placing the fign (—) either before or under the figure thus

(—1,0r 1)and are called negative indexes.

17. A rank of thefe powers, being placed under their in-
dexes, have the fame properties as the former.
- Indexes D.I.E.}_.i._g_.é.;z,ts’c.

Powers S i e - L

For 5 the fum of 2 and 3, flands over 7, the product of
1 and §. '

And 2, the difference of 7 and s, ftands over % the quotient
of ;15 divided by 5.

418, But when the negative powers are joined in the fame
rank with the affirmative as below,

£9¢,5 ) g 200 B0 R 2 ai B 4 Ye.

Ese. _!.‘_n...;*}.;.1.2.4.8.16,&9’5.'1"11311,
‘The negative indexes will, in all operations, have effelts
contrary to thofe of the affirmative indexes, viz.
If a negative and an affirmative power be to be multiplied

together, take the difference of their indexes for the index of
the product required.

Thus 16 x £+ =8
And 4—1=3
Alfe 3 X2= ¢
And  3—i3 =2
Again [ X 4 =1
And 2—2 =0

419. Hence, if any affirmative power be multiplied by a nes
gative power, whofe index is the fame number, the product
will be unity. ;

Note, Numbers that have the above property are called re-
ciprocals ; and their indexes, complements of each other.

420. If the reciprocal of any number be decimally exprefled,
then if you multiply thereby, the fame refult will be produced
25 would arife from dividing by the number ; and if you dj-
. - vide
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vide thereby, the fame figures will appear as by multiplying by
the number,

Example, 5 = ,25 is the reciprocal of the number 4: Now
let it be propoled to divide 56 by 4, or to multiply it by ,25,
the refult will be the fame as you fee:

4) 56 56
— ’25
14 —_—

280
112

14,00

Again, let g be multiplied by 4, or divided by ;35.

9 »25) 9,00 (36
S 75
36 150
150

421. If a rank of numbers be calciilated; having the fame
properties with thofe of indexes, mentioned in Are. 412, 413,
417, and 418. and be adapted not only to a rank of powers as
thofe, but, to all numbers whatfoever within certain limits, the
dame is called a Table of Logarithms.

422. Inftead of the rank of powers 1, 2, 4, 8, &%, affume
1. 10. I00. 1000, &, and adapt the indexes to them, wiz,

o St 4

I IO 100 I0CO Iocoo, &%.
_ Then, fince the Index or Logarithm of 1 is 0, and the
| Index or Logarithm of 10 is 1; it follows, that the Loga-
rithms of all numbers, that are greater than 1 and lefs than
10, fuch as 2. 3. 4. 4,1. 4,2. 4,3. &¢. muft be Decimal Frac-
tions,

423. Alfo, fince the Index or Logarithm of 101is 1, and
the Index or Logarithm of 100 is 2; therefore the Loga-
rithms of all numbers that are greater than 10, and lefs than
100, fuch as 20, 30, 40, 41, 42, 43, &c. will be mixed deci-
mal expreflions, having 1 in the place of integers,

424. In like manner, the Logarithms of all numbers greater
than 100, and lefs than 1000, will be mixed decimal Jf.pre['—
fions, having 2 in the place of integers, €.

_ 425. Hence it follows, that the decimal part of the Loga-
rithms of all pumbers that have the fame fignificant hgures
Pa will
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will be the fame; for the number 4,1 ftands with regard to
f and 10, in the fame place that 41 does with regard to 10
and 100, and that 410 does with regard to 100 and 1000.
Therefore fuppofing that ,6 11}839 be the Decimal part of
the Logarithm belonging to the fignificant figures 41: "Then

The Logarithm of 4100, = 3,6127839
410 =2,6127839
41 =1,6127839
4,1 =0,6127839
s41 = 1,6127839
;041 = 2,6127839
&'e.

426. Of this kind are the Logarithms commonly put in
Tables, which if rightly calculated will perform the work of
Multiplication and Divifion by Addition and Subtrattion, &e.
in the fame manner as the Indices did.

427. But as the operations in which Logarithms are chiefly
ufeful in common Arithmetic, viz. extraéting roots, and com-
puting queftions relating to compound intereft and annuities,
are in this treatife fupplied by Tables, calculated for each pur-
pofe; and as the methods of calculating them depend upon
algebraical and other fuperior principles; the farther profecu=
tion of the fubje& here is declined, it being fufficient to have
given the reader an idea of their nature and propertics,
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CHAP. XXXIL

The ExTRACTIONof the SQUARE (or QUADRATE)
RooT.

- having 2 number given, we find out another number,
which being multiplied by itfelf, produces the number given,

T

428, ’IHE extra&ion of the Square-root is that, by which

L

429. In the extradtion of the Square-root, the number pro-

pofed is always conceived to be a fquare number, that is, a cer-
tain number of little fquares comprehended within one entire
great fquare, and the root or number required is the fide of
that great fquare; as will readily appear by this Diagram,
where you fee the 25 little fquares contained within one great
fquare ; now if the faid content 25 be given, and the fide or
soot of the fquare containing the faid 25 little fquares is re-
quired, the invention of fuch fide or root is called the Extrac-
tion of the Square-root; which root muft be fuch, that if it
be fquared, that is, multiplied by itfelf, the produt will be
equal to the fquare content firft given: So 5 is the Square-root
of 2g, for § times 5 is 25. Likewife this f{quare number 49
being propounded, its root is 7. :
430. Square numbers are either {ingle or compound.
431. A fingle fquare number is that, which being produced
by the Multiplication of one fingle figure by itfelf, is always
lefs than 100: So 25 is a fingle fquare number produced by
s ; likewife 4 is a fquare number produced by 2.

2 432
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432. All the fingle fquare numbers, together with their re-
{pective roots are exprefled in the following Table,

$[9]19] 2%

]

Sjuares. I I

.Rd'ﬁ'l‘-:- | 1

36 [49 | 64 | 81|
& e ] ol 9!

- 0

433. Here in the uppermoft rank of the Table are placed
the fingle fquare numbers of every particular figure, and in the
other their refpetive roots ; and therefore if it were demanded,
what is the Square-root of 36? The anfwer will be 6. So the
Square-root of 16 is 4; the Square-root of g is 3, &’¢. And

contrarily, the fquare of the root 6 is 36: Alfo the fquare of 3isg.

434. When a {quare number is given, that exceeds not 100,
and yet is none of the fquare numbers mentioned in the Table,
for its root you are to take the root of the fquare number that
being lefs yet comes neareft toit: So 45 being given, the
root that belongs unto it is 6, and 10 being given, its corre=
{pondent root is 3.

435. A compound fquare number is that which being pro-
duced by a number (that confifts of more places than one)
multiplied by itfelf, is never lefs than 100: So 1024 isa com-
pound {quare number produced by the Multiplication of 32 by
ifelf.

430. To prepare any fquare number given for Extra&ion,
put a point over the firlt place thereof on the right-hand (be-
ing inthe place of units;) then proceeding towards the left-hand,
pafs over the fecond place, and put another point over the
third place; alfo pafling over the fourth place put znother
point over the fifth, and fo forward in fuch manner that be-
tween every two points which are next to the other, one
place will be intermitted : So if the Square-root of
1024 be required, the firft point is to be placed over :
4> and the {econd over o, and fo many points as are 1024
in that manner placed, of fo many figures the root
demanded will confift.

437- Having thus prepared the number, it is diftributed by
the points into feveral fquares: So in the laft Example, 10 is
the firlt fquare, and 24 the fecond ; likewife if this
numboer 144 were propounded for Extration, a'ter . .
points are duly placed according to the laft Rue, 1is 144
the firft fquare, and 44 the fecond, '

438.
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438. Having drawn a crooked line on the right-hand of the
number given for Extraétion, (after the fame manner as is
ufually done in Divifion to denote the place of the Quotient,
find the root of the firft fquare, and place it in the
Quotient: Now by Art. 433. 3 is the correfpon- . .,
dent root of 103 wherefore write 3 in the Quo- 1024 (3
tient, and then the Work will ftand as in the . .
Margin. 1024 (3

439. Subfcribe the fquare of the figure placed 9
in the Quotient under the firft fquare of the num- =
ber given. :

40. Having drawn a line under the fquare (of the figure
placed in the Quotient, fubfcribed as aforefaid,)

fubtra& the fame out of the firft fquare of the | . - (
number propofed, and place the remainder orderly 413
under the line; fo the fquare of 3 which is o, __9_
being fubtradted fiom 10, the remainder is I,

and the Work will appear as in the Margin. :
441. To the faid remainder bring down the next {quare
of the given number, that is, write down the
figures or cyphers flanding in the two following . .
places of the number propounded on the right- 1024 (3
hand of the faid remainder, fo the fquare 24 be- 9
ing placed next to the remainder 1, there will  —————
be found this number 124, which may be called 124
the Refolvend.
442. Double the root, being the number placed in the Quo-
tient, and place the faid double on the left-hand 1
of the Refolvend, like a Divifor: So the double of 10243
is 6, which being placed before a crooked line ¢
on the left-hand of the Refolvend 124, the work e
will ftand as in the Margin. 135
443. Let the whole Refolvend, except the firft place there-
of on the right-hand (being the place of units) be always
efteemed as a Dividend, then demanding how often the Divifor
before found, is contained in the faid Dividend, and oblerving
in that behalf the Rules before taught in Divifion,
write the anfwer in the Quotient, and alfo on dtus
the right-hand of the Divifor, to wit, between 1024 (32
the Divifor and the crooked line: So if youak g
how often the Divifor 6 is found in the Divi- w—————
dend 12, the anfwer is 2; therefore write 2 in  62) 124
the Quotient, and alfo after the Divifor 6; as
in the Margin,

P4 ' 444
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444. Multiply all the figures which ftand on the left-hand
of the Refolvend (to wit, before the crooked line) by the figure
laft placed in the Quotient, and write the produ& orderly
under the Refolvend, to wit, units under units
tens under tens, &F¢, ) then having drawn a line e
under the faid produ®, fubtrad it from the  Y024(3%

Refolvend, and fubfcribe the remainder under 9__
the line: So 62 being multiplied by 2, the 62"—12 i
product is 124, which fubtract out of the Re- ) 124'
folvend 124, the remainder is 03 and thus the 4
whole Work being finithed, the Square-root of j e

31024 (the number propofed) is found to be 32.

Nste 1, When the produét before-mentioned exceeds the
Refolvend placed above it, the Work is erroneous, and then
you are to reform it by placing a lefler figure in the Quotient,

Nute 2, For every one of the particular fquares (diftinguifhed
by the. points) except the firft on the left-hand, a Refolvend is
to be fet a-part, by bringing down to the remainder the con-
gruent particular fquare, as is dire€led in Art. 441. and as often
as a Refolvend is fet a-part, {o often a new Divifor is to be
found by doubling or multiplying by 2 all the root in the Quo-
tient (confifting of what number of places foever.)

Note 3. The Work of Art. 438, 439, and 440, for finding
out the érﬂ figure in the root, is but once ufed in the Extradion
of the Square-root of a number confifting of what number of
places {oever ; but the Work of Arz. 441, 442, 443, and 444,
is to be repeated for the finding of every place in the root, ex-
cept the firft,

The practice of thefe three Notes will be feen in the follow=
ing Examples.

Example 1. Let it be required to extra& the Square-root of
23621,

W3Ha,§ing diftributed the number propofed into feveral fquares
by points, as is direéted in Ars, 436. I demand

the Square-root of 4 the firlt fquare, whichby . .,

Art. 432. is 2 ; therefore placing 2 in the Quo- 43623 (2
tient, and the fquare thercof, which is 4, under 4

the firlt {quare 4, draw a line, and fubtraing 4
from 4, the remainder is o, which fubfcribe un- o

der the line, This is always the firt Work,

which is no more repeated in the whole Extra&ion, (as was
mtimated in the third Note aforegoing. )

T hen bringing down the next {quare, which is 36, and
placing it next after the remainder o, the Refolvend is 36 ;i

T oan
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and doubling the root 2 in the Quotient, the product is 4 for
a Divifor, (by 4rt. 441, 442.) and the Dividend will be 3,
(by Art. 443.) demand therefore how often

the Divifor 4 is contained in the Dividend b Y

3, and not finding it once contained in it 43623 (20
place o in the Quotient, and allo next after

the Divifor 4; and becaufe the product of em———mme
40 multiplied by o (the laft charalter in the 40)036
Quotient) is 0, the Refolvend 36, from which

the faid produ& ought to be deducted, remains the fame with-
out alteration; therefore bring down 23 the next fquare, and
place it after the remainder 36, fo will 3623 be a new Re-
folvend ; then doubling the whole root in the Quotient, which
is 20, the Divifor will be 4 0, (according to

the fecond Note before-mentioned,) and the bl
Dividend will be 362 to wit, all the Re- 43623 (20
folvend except the firft place on the right- 4

hand (by Art, 443.) therefore demand how
often the Divifor 40 is contained in the Divi- 40) 03623
dend 362, or how often 4 in 36, and though

it be g times in it, yet (according to the firft Note aforegoing)
I can take but 8, (for if I fhould take g, and proceed accord-
ing to Art. 443, 444. 2 number would arife greater than the
Refolvend, from which fuch number arifing ought to be fub-
trafted :) Therefore write 8 in the Quotient, and alfo after
the Divifor 40; this dene multiply 408 (the number on the
left-hand of the Refolvend) by 8 the figure laft placed in the
Quotient, and the produét, to wit, 3264, fubfcribe under-
neath, and fubtraét from the Refolvend 3623, fo there will
remain 359; thus the Work being finifhed,

208 is the number of units contained in L
the root fought ; and becaufe after the Ex- 43623 (208
traction is ended there happens to be a re- 4

mainder, to wit, 359, [ conclude that the o
soot is greater than the faid 208, but lefs 408)03623

than 209; yet how much it is greater than 3264
208, no rules of art hitherto known will e
exatly difcover, tho’ we may proceed infinite- 359

ly near, asin the next Article will be manifeit,

445. To find the fra&ional part of the root very near, a
competent number of pairs of cyphers, to wit, 0o, 0000,
000000, Of 00000000, &¢. are to be annexed to the number
firlt propofed ; then efteeming the fuid given number with the
cyphers annexed, to be but one entire number, the extraction
is to be made according to the precceding Rules, and look how

2 many
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many points were placed over the number firft given, fo many

places of integers will be in the root, the reft of the root to-
wards the right-hand will be the Numerator of a Decimal
Fraétion, which Numerator confifts of fo many places as there
were points over the cyphers annexed: Soif 43623 were given
as before, to find the root thereof (according to this Rule,) an-
nex cyphers in this manner, and then if you extract it ac-
cording to the Rules aforegoing, you’ll find the root arifing in

:}3%25.&-:30606 (208.861, &,

the Quotient to be 208.861, that is 208 251 ; and becaufe
after the Extraltion is finifhed there happens to be a remainder,
I conclude that 208 2°%; is lefs than the true or exact root,
but 208 7 is greater than it; fo that by annexing three
pairs of cyphers to the number prepounded, you will not mifs
+ssw partof an unit of the true root; alfo by annexing four
pairs of cyphers, you will not mifs 12+ part of an unit; and
in that order you may proceed infinitely near, when you cannot
obtain the true root.  The whole operation of the faid Example
here follows :

;362'3.{1530{-:-0:; (208.861, &9
4 the Root,

S

408) 3623
3264

4168) 35900
33344

41766) 255600
250596

417721) 500400
417721

82679

Again, if 10 were propofed to be extracled, you muft pre-
pare it thus: :

IU.G{}GDDUOGDOGCDD.
And

|
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And then the root thereof being extracted } 1622776 §p

will be Itrecono0D?

Which (according to Art. 309. may be
writ thus = } 3,1622776, &,

See the Work.

10.00£00000000000 (3,16227, Te.

§

o
61) 100
) b1
626) 3900
g5 o
6322) 14400
12644

63242) 175600
120484

632447) 4911600
4427129

484471
e,

446. The number of the places in the root may be near-
ly doubled, if, after the above Work, you proceed with the
laft Divifor 2nd remainder, according to the manner cf con-
trafled Divifion, in Arf. 404.

Thus afluming the laft Example,

B 632447)

I N NN R
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632447) 484471 (76602, &,
L B Y 442?13

41758
37947

3811
3795

D e

16
1

T ey

3

If the figures thus found (76602) be placed on the right-
hand of (3,16227) thofe before obtained, the Root will be
3,1622776602, uncertain only in the laft figure 2.

447. Hence after it is determined to what exaénefs the
Square-root of any furd number is to be found, the Rule for
extracting the Square-root muft be ufed, to one place of fizures
more than half the number of places required, and then the
reft may be found by Divifion as above.

448. The Extraction of the Square-root is proved by mul-
tiplying the root by itfelf, for that done, the produé (in fuch
cafe where there is no remainder after the Extra&ion is finith-
ed) will be equal to the root whofe fquare was enquired; fa
in the firft Example of this Chapter the root 32 being multi-
plied by itfelf, produces 1024 the number propounded : But
when, after the Extration is finithed, there happens to be a
remainder, and that the root is found as near as you pleafe,
In a mixt number of Integers and Decimal parts {by annex-
ing cyphers, as in 4rt. 445.) then fuch mixt number bein
multiplied by itfelf muft produce a mixt number lefs than the
pumber firft given for Extradion; yet fo near it, that if the |
figure ftanding in the laft place of the Numerator of the De- |
cimal Fraction in the Root, be made greater by 1, and then
the mixt number fo increafed be multiplied by itfelf, the pro-
duct muft be greater than the number firft propofed: So in
the Example of A4rt. 445. if 208.861 be multiplied by itfelf, it
produces 43622.917, &, which is lefs than the given number
43623; but if 208.862 be multiplied - by itfelf, the produ&
will be 43623.335, &¢c. which is greater than 43623.

449. But if the method of inverted Multiplication, deljvered
- Art. 306. be applied to the multiplying the Root by itfelf,
the product will approximate to the fquare very nearly,

Proof
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Proof of the Example in Art. 446,

- 3,1622776602
2006772261,3

94868329806
3162277660
1897366596

63?45553
324555
2213594
221359
18974

1897
6

10,0600000000

450. The Square-root of a Fraction is found in this manner,
wiz. extra& the root of the Numerator (by the preceding
Rules of this Chapter) which root fhall be a new Numerator.
Alfo the root of the Denominator is to be taken for a new
Denominator : So the new Fraction will be the Square-root of
the Fra&ion firft propofed. Thus the Square-root of % is 2,
wiz. the root of g is 3 for a new Numerator, alfo the root of
16 is 4 for a new Denominator, In like manner the Square-
root of % is 2. But here note diligently, that if the Fraction,
whofe Square-root is required, be not in its leaft terms, it muft
firlt of all be reduced by Arz. 261, &¢. before any Extradtion
be made; for it frequently happens that the Fraétion firft given
has not a perfect root, but when fuch Fraction is reduced to
its leaft terms, the root thereof may be extracted: So in this
Fraion .5 each term is incommenfurable to its Square-root,
iz, neither 8 nor 18 has a Square-root expreflible by any true
or rational number; but the faid % being reduced to its lealt
terms £, the root of this may be extracted; for the root of 4
is 2 for a Numerator; allo the root of g is 3 for a new De-
nominator; fo that 2 is found to be the Square-root of § (equi~
valent to %)

451. Wheneither the Numerator or Denominator of a Frac-
tion has not a perfeét Square-root, fuch root is ufually exprefled
by prefixing this charaéter, 4/ before the Frafltion given: So
the Square-root of 13 is fignified thus, 4/}, becau fe the root
of 1.3 cannot be exprefs’d by any true or rational number what-
foever, yet it may be found very near, as in the next Rule.

452
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452. The Square-root of a Fra&ion which is incommenfu=
rable to its root, may be found near, in this manner, viz. re=
duce the Fraétion propofed to a Decimal, by 4rt. 322. The
more places are in the Decimal, the nearer will the root be
found ; but the Decimal muft confift of an even number of
places, viz. either of two, four, fix, eight, or ten &7, places;
then extract the Square-root of that Decimal, as if it were a
whole number, according to the Rules aforegoing, which root
found fhall be a Decimal exprefling near the Square-root of the
given Fraction,

So if the Square-root of 32 be required near, reduce the faid
¥4 to a Decimal, which is found .81250000, &%, then extra&-
ing the Square-root thereof asif it were a whole number, it will
be found .go13 very near, |

453. The Square-root of a mixt number commenfurable to
its root is found in the fame manner, as in Art. 450. the mixt
number being reduced to an improper Fra&tion, by Arz. 268.

So the Square-root of 3432 will be found g7, wiz. 3433 be-
ing reduced to the improper Fracion *%29, the Square-root of
the Numerator 2209 will be 47 for a2 new Numerator ; alfo
the Square-root of the Denominator 64 is 8, for a new Deno-
minator; o we find 47 which (by 4rz. 271.) is 52 the Square-
root fought.  And here the fame’ caution is to be obferved, as
in Art. 450. viz. the fraftional part of the mixt number, or
the improper Fraction equivalent to the mixt number, muft be
in the leaft terms before any Extra&ion be made,

454. When the mixt number given is incommenfurable te
its Square-root, prefix this charaer before it, viz. +/. 5o the
Square-root of 7% will be thus expreffed, 4 72: But if you de-
fire to find the Square-root near of a2 mixt number incommen-
furable to its root, reduce the frafional part of the mixt num-
bea to a Decimal of an even number of places, as in 1. 452.
and annex the Decimal fo found to the whole part of the mixt
number; then efteeming the faid whole number and Decimal
as one entire number, extract the Square-root thereof according
to the preceding Rules of this Chapter, and from the root found
cut off’ always to the right-hand, fo many places as there are
points over the Decimal annexed, which number fo cut off fhall
be a Decimal, thewing the fra&ional part of the root, and
that on the left-hand will be the whole part of the root; fo
the Square-root of 73 is found 2.7688 very near.

C EH AR
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CH A P. XXXIIL

9he ExTrAcCTION of the CUBE RooT.

455. FPVHE Extration of the Cube-root is that, by which

having a number given, we find another number,
which being multiplied by itfelf, and then by the produét,
produces the number given.

456. In the Extra&ion of the Cube-root, the number pro-
pofed is always conceived to be a Cube number, that is, 2 cer-
tain number of f{mall Cubes, comprehended within one entire
oreat Cube, and the root or number required is the fide of
the great cube: What a Cube is may be well exprefled by a
die, which indeed is a little Cube itfelf; therefore if you place
four dice in a fquare form, that is laying two and two in a
rank, you’ll have a fquare coutaining four dice, upon which if
you yet erect fuch another fquare of dice, you fhall have an-
other great entire Cube comprehending two times four, that is
8 dice or fmall cubes; and here 8 is the Cube number given,
and 2 is the root or number required : In like manner, if you
rank 25 dice in a fquare form, viz. laying § in-the rank, you
have a fquare containing 25 dice; now upon this fquare of
dice if you ere& four other fuch fquares one upon another,
you'll have a great entire Cube comprehending 5 times 25,
that is 125 little Cubes, and in this cafe 125 is the Cube num-
ber propounded, and 5 the root or number required,

457. A Cube-number is either fingle or cornpound.

458. A fingle Cube-number is that, which being produced
by the Multiplication of one fingle figure, firft by itfelf, and
then by the produd, is always lels than 1000. So 125 isa
fingle Cube-number produced by g multiplied firft by itfelf,
and then by 25 the produét; for 5 times 5 is 25, and § times
25 is 128, '

459. All the fingle Cube-numbers, and Square numbers, to-

gether with their refpeétive roots, are exprefled in the following
‘Table.

Cubes: |18 727 [64] 125 | 216 | 343 | 512 | 729
Squares. 1]|4| 9|16| 25| 36| 49| 64| Br
Roots, el A e e Wi 2 e o I

Here
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Here in the uppermoft rank of the Table are placed the
fingle Cube-numbers of the particular figures, 1, 2, 3, 4, 5, 6,

s 8, 93 in the next, the fquares of thofe figures, and in the
{QWE:& rank the figures themfelves being the refpeétive roots of
the Cubes and Squares in the uppermoft rank ; and therefore
the Cube-root of 125 being demanded, the anfwer is 5, and
the Cube-root of 216 being required, the Table will give 6,
and fo of the reft. 4

460. When a Cube-number is given, that exceeds not 1000,
and yet is none of the Cube-numbers mentioned in the Table,
for its Root you are to take the root of the Cube-number, that
being lefs, yet comes neareft to it: So 157 being given, the
root that belongs to it is s,

461. A compound Cube-number is that, which being pro-
duced by a number (that confifts of more places than one)
firft multiplied by itfelf, and then by the produ&, is never lefs
than 1000. So 1 5(464. is a compound Cube-number, pro-
duced by 54 multiplied firft by itfelf, and then by 2916 the
produét, for 54 times 54 is 2910, and then 54 times 2916 is
157464, the compound Cube-number propoled,

462, To prepare a Cube-number for Extra&ion, put a point
over the firft place thereof towards the right-hand (to wit, the
place of units) then paffing over the fecond and third places,
put another point over the fourth, and paffing over the fifth
and fixth, put another point over the feventh, and in that

order (to wit, two places being intermitted between every two

adjacent points,) place as many points as the num-
ber will permit: So 157464 being given, you are to

place the points as in the margin, and fo many points 1 5}4.6; "

as are in that manner fixed, of fo many figures the

root demanded will confift.

. 463. Having thus prepared your number, you may fee it dif-
tributed by the points into feveral Cubes or periods.

So in the fame Example 157 is the firft Cube, sl
and 464 the fecond. In like manner, if this number 157464
7464 were propofed for Extration, after points are i b
du]ge placed as before, you'll fee % to be the firft 7464
Cube, and 464 the fecond.

464. Having drawn acrooked line on the right-hand of the
number progc»uaded to fignify a Quotient, feek for the Cube-
root of the firft Cube and fet in the Quotient: So finding (by
Art. 460.) 5 to be the correfpondent root of 157,
write 5 in the Quotient, and then the Work will Al
ftand as you fee in the Margin, 157464 (5

463.
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465. Subfcribe the Cube of the root placed in the Quotient
under the firft Cube of the number given:

So 125 being the Cube of s, the root, (by Art. iy
459.) write it under 157 the firft Cube of the 152?4 4 (5
number given, as you fee in the Example. 125

466. Draw a line under the Cube, fubfcribed as aforefaid,
(to wit, the Cube of the root fet in the Quo-
tient) and fubtra& this Cube from the firit e
Cube of the number propofed, placing the re- 157464 (5
mainder orderly under the line: OSo 125 the 125
Cube of g being fubtratted from 157, the re- m————m———
}nainder is 32, and the Work will ftand asyou 32 :
ec.

467. To the faid remainder bring down the oo
remaining periods of the number propounded, 157464 (35
placing thefe next after, to wit, on the right- 125
‘hand of the remainder; fo 464 being fet after —
the remainder 32, there will be found this num- 32464 Ref.
ber 22464, which may be called the Refolvend.

468. To (5) the root, or figure placed in the Quotient, annex
as many cyphers as there are Cubes or periods remaining un-

ufed in (157464) the number whofe root is to be extracted,
~ which in this cafe is 1, and therefore the root will be so.

' 469. Divide the Refolvend (32464) by the root (50;) fo
will the Quotient be 649.

470. To (649) the above found Quotient, add three times

the fquare of the root (50), viz. 7500; fo will the fum be
' 8149. Let this number be a Divifor.
471. Divide the Refolvend (32464) by the Divifor (8149;)
- and the Quotient figure, or figures, being annexed to (5) the
. figure firft placed in the root, inftead of the cypher or cyphers,
will be the required root nearly. See the whole procefs below,

157464 (50 Root 5.0) 3246.4
12§ et e
= 649
Relolvend 32464 50 X 50 X 3==7500.
| Divifor—=381 49

8149) 32464 (4 Quotient,

Therefore 504 4=54 is the root required, as will appear by
eubing thercof,
Q Notey
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Note, Altho’ the Divifor 8149 cannot be had quite 4 times
in the Refolvend 32464, yet as it is very near thereto, it will
be fafe to take that for the Quotient.

472. The Rule above given will, if the fecond figure of the
root be 1 or o, generally give three or four figures true in the
root (if it confifts of fo many); but if the fecond figure be 2,
or more, it will be belt to find no more places than it, until
the procefs be renewed.

473. To renew the procefs, cube the figures found in the
root, that is, multiply them by themfelves, and then by the
product ; and place the refult under the given numben in fuch
fort, that it may ftand under as many periods therein, as you
have cubed figures. Subtract the lower number from the upper,
and bring down the remaining periods for a Refolvend, as in
Art. 467. Find a new Divifor, by Art. 468, 469, and 470,
Divide the Refolvend thereby, and annex the Quotient to the
former part of the root, as in Art. 471. fo thall the root be
~ found true.to 5 or 6 placesof figures: For each operation com-
monly triples the figures found in the former.

Example 2. Let it be required to extra&t the Cube-root of

9302348?
"The given number pointed per Art. 462, : 305.34& (2
The Cube of the root 2 is (Art. 465.) 3
The Refolvend, per Art. 466, and 467, 1302348
The root with 2 cyphers annexed by Ar¢. 468. 200
The Refolvend divided thereby) _ 1302348 __

(. 469, et § =i L
"Three times the {quare of the root (200) . 120000
The Divifor—fum of the 2 laft, by Ar+. 470, 126511

sl - o

The Refolvend divided thereby } 1302348
e

per Art. 471. 126511 10

‘Therefore 210 is the root nearly.

But,
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But, to renew the operation,

From the given number g}gc:z' 34§ (220

Take 250 X216 X210 . « | . =. 9261000

o A S 41348

The Refolvend divided by the root :‘?ﬁi‘g: 196
210

Three times the fquare of 210, . 132300

Evilor wy' T g £ il Tk 132466

The Refolvend with cy;hers annexed
divided thereby, quotes } »31207

See the Operation.

£32496) 41348.00. (,31207
«e. 307488

159920
132496

127424
20499

925
97

e et

Therefore the true Root is 210,31207.

" 474 In the laft Example, when the procefs is renewed, and

210 the firft found part of the root is cubed, it is evident that
the given number 9302348 has no true root in whole num-
bers; becaufe there is a remainder 41348 ; but, by proceeding
according to the Rules before given, the remaining part of the
root ,31207 appears to be a Decimal Fraction. €

475. If it fhould be thought neceffary to find more places in
the root, the fame may be done by cubing the root 210,31207,
and fubtra@ing the cube thereof from the given number
%:;0234.3, with 3 times as many cyphers annexed as there are

ecimal places in the root, and then preceeding as before,

476. The Extra&ion of the Cube-root is proved by muiti-
plying the root cubically, to wit, the root being firft multi-
plied by itfelf, and then the produét multiplied by the root,
the number ariling, or laft produét, will be equal to the num-

' Q2 berx
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ber propofed: So in the firft Example of this Chapter, the
Cube-root 54 being multiplied firft by itfelf produces 2916,
which being multiplied again by 54 produces 157464, to wit,
the number whofe Cube-root was required. But if, as in the
fecond Example, the given number have not a perfett root in
whole numbers; then the proof will be moft expeditioufly
made by inverted Muitiplication, as before in the Square-root,
Art. 449. . ‘

477. The Cube-root of a Fra&tion is found in this manner,
viz. extraét the Cube-rcot of the Numerator (according to
the foregoing Rules,) which root referve for a new Numerator;
alfo the Cube-root of the Denominator fhall be a new Deno-
minator : Laftly, this new Fraction will be the Cu:be-root of
the Fraction firft propofed: So the Cube-root of % is %; for
the Cube-root of 8 is 2, for a new Numerator ; alfo the Cube-
root of 27 is 3, for a new Denominator, In like manner,
the Cube-root of % is Z. But here note diligently, that the
Fraction whofe Cube-root is required, muft be in its leaft
terms before any Extraltion be made ; for it frequently happens
that the Fraction firft given has not a perfeét root, though,
when fuch Fraétion is reduced to its leaft terms, the root
thereof niay be extratted: So in this Fraltion {3 neither the
Numerator nor Denominator has a perfet Cube-root, yet the
faid 3§ being reduced to its leaft terms %, the Cube-root of
this may be extracted ; for the Cube-root of 8 is 2 for a new
Numerator, alfo the Cube-root of 27 is 3 for a new Denomi-
nator ; fo that the Cube-root of ;% (which is equal to £8) is
found to be %.

478. The Cube-root of a Fraétion, which has not a perfe&t
Cube-root, may be found nearly in this manner, viz. reduce the
Fractiop given to a Decimal Frattion, by A4rt. 322. the more
places are in the Decimal, the nearer will the root be found:
But the Decimal muft confift of ternaries of places, to wit,
either of three, fix, nine, or twelve, & places; then extraét
the Cube-root of the Numerator of that Decimal, as if it were
a whole number, (according to the Rule before given,) which
root found, fhall be a Decimal exprefling nearly the Cube-root
of the Fraction propofed.

So if the Cube-rcot of 2 were required, reduce the faid
% to a Decimal, whofe Numerator may confift of ternaries of
places, to wit, into this, 666666666666, &f¢. then extraéing
the Cube-root thereof, I find .8735, which is very near the
Cube-root of 2, 5,

'479. The Cube-root of 2 mixt number commenfurable to

its root may be found in the fame manner as in Zrt. 477. the
—
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mixt number being firft reduced to an improper Fraction (by
Art. 268.) ' | : oo

So the Cube-root of 1219 is difcovered to be 2, wiz. re-
ducing 1212 to this improper Fra&tion 343, the Cube-root of
343 will be found  or 25, And here the fame caution is to
be obferved, as in Art. 477. viz. ‘the fraltional part of the
mixt number, or the improper Fration aquiva]i;nt to the
mixt number, muft be exprefled by a Numerator and Denomi-
nator in the leaft terms, before any Extraction is made.

480. When the mixt number, whofe Cube-root is required,

has not a perfe€t Cube-root, this charalter, v is ufually pre-
fixed before fuch mixt number; fo the Cube-root of 23 is

3 3
thus exprefled 4/ 22, Likewife 4/ £ denotes the Cube-root
of $, which is a Fraction whofe Cube-root is inexpreflible by
any true or rational number: But if you defire to know the
Cube-root near, of a mixt number which has not a perfelt
Cube-root, reduce the frafional part of the mixt number to
a Decimal, (as in Art. 478.) and annex the Decimal fo found
to the Integers of the mixt number; then eftceming the faid
Integers with the Decimal fo annexed as one entirc number,
extra@ the Cube-root thereof, and from the root fouind, cut off
always to the right-hand fo many places as there were points
over the faid Decimal annexed, which places fo cut off will be
the fraQtional part of the root, and thofe remaining on the
left-hand thall be the Integers of the root: So the Cube-root
of 2% is 1 334, and fomewhat more,

481, A quadrate or fquare number multiplied by itfelf pro-
duces a biquadrate number: So 4 multiplied by itfelf produces
the biquadrate 16. Therefore if a number be propofed, and
the biquadrate-root of it is required, firft extract the quadrate
or fquare-roct of the faid given number, and then extract the
Bquare-root of that root for the biquadrate-root fought. Thus
if 20736 be a number propounded, the biquadrate-root thereof
will be found 12: For the Square-root of 20736 is 144, and
the Square-root of 144 is 12, When the given number has
not a perfeét biquadrate-root, you are to annex quaternaries of
cyphers, to wit, either 4, 8, 12, or 16, &¢. cyphers, and then
proceed as before; fo you’ll find the root near, whole fracétio-
nal part will be a Decimal, Thus the biquadrate-root of 7
is near 1.62, '

Q3 482,



230

The Extraction of

Chap. XXXIII:

482. A TABLE of the Square and Cube-Roots of Numbers
not exceeding 144.

ke
\Dmﬂﬂ'ﬂ-ﬂ#ﬁ-ml«-}iﬂ!%

Squ.Root.

Cub.Root,

Ne

Squ.Root.

Cub.Root

1,000000
I,414214
1,732051
2,000000C
21—236!‘.’)68

2,449490
2,645751
2,32342?
3,000000
3,162278
3,3160623
3:464102
3,605551
3,7410657
3,872983
4,000c00
4123106
4,242641
4:358899
4:472130
4,582576
4,690416
4,795832
+:898979
5,00000C
5,099020
5,196152
§:291503
35385165
5:477226
5567764
5,650854
5:744563
5:830952
5,916080

b,000000

1,000000
I,25G921
1,442250
1,587401
1,709976
1,817121
5012033
2,000000
2,080084
2,!544%5
2,223900
15289418
25351335
2,410142
2,466212
2,519842
2,571282
2,620741
2,068402
2,714418
2,§53913
2,00201349
2,3.1.33&*

2,92401
2,961496
3,000000
3:036589
3,072317
3107232
32141 8[
3,174802
3?20?534
3239612
312?10615

3301927

2, 84493 6

39
40
41

43
44
45
.1.6
4716
48{6
49
50
51
52

346

6,082763
;164414
6,244998
6,324555

6,403124
426,

480741
6,557430/3
6,63 250
,;7-::- 204

82330

55 55
392 203
7,000000
75071068
75141428
75211103
7,280110
7>34846¢
73416198

6(7,483315

72549034
7:015773
7,681146
757459673
7,810250
7>874008
1937254
»000000
8,062258
8,124038
8,185353|4
246211
3530‘6614
8 366600
8,426150'
8,485281

3:332222]
3,361975
3391211
3:419952
3:448217

3:4;-6{:2?!_

»503398
3,530348
3:550893
3,583048
3,608826
3,0634241
3:659300
3,684031
3=70§;_t3§

’ I.
g,ggéﬁé
3,779763

3,0902953
3,825862

35 848301
3,870877
31392996

914 67
3,936497
3:95!392

3:979057
4,000000

4,020726
4,&4124&
1548

.»1.,{::8 1056
66

4,10156
4,121285
4,140818

4,100168

The |
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The T aBLE of Square and Cube Roots continued.

Ne

aqu. Roor.

Cub, Root.

N©

5qu. Root.

Cub. Roet.

73
74
75

76
7%
79

8,544004
8,602325
8,660254

3 4
3;%'?31351
8,888194

ol 8,0944272

9,000000
9,055385
09,1104 34
Q,165151
9,219544
9,273618

71 9327379

9,380532
9,433981
9,430833
9:539392
9,591003
9,643651
9,695 360
9,746794
9797959
0,848558
9,899495
9,949574
[0,C00000
10,04988
10,00950
10,14889
10,19804
10,24605
10,29503
10,34408
10,39230

4,179339
4,193330
4,217163
4,235824
45254321
4,27265q
45290841
4,308870
4,326749
4,344481
4,362071
4,379519
4,366830
4,414005
4,431047
4,447960
4*3‘]-64?'1'5
4,481405
4:497942
4,514357
4:530055
4,54683¢€
4:56251"33
4,578857
4,594701
4,610436
4,626c63
4,041589
4,657010
4,672330
4,687548
4,702669
4,717694
4,732624
4,747459
4,702203

1109
ITO
IIl
Ii2
13
114

115
116

114
o
11g
120
I2]
122
123
124
I25
126
12

(28
[29
130
121
132
133
134
135
136
137
138
139
140
141
142
143
144

10,44031
10,48809
ro,gggﬁs
10,56301
10,63C15
10,67708
10,72381
10,770
10\33632
10,86278
10,90871
10,95445
11,00000
11,04536
11,04054
I1,13553
11,18034
11,22497
11,20943
11,30371
11,35782
11,401%5
11,44552
11,48912
11,53256
I Iag? 334
11,61

1 1,661-33-
11,70470
11,747 34
11,78983
11,82216
11,87434
11,91638
11,95826
r1,00000

4,776856
4,7091420
4,805890
4,820284
4,834588
4,8488c8
4,862944
4,876999
4,89097

4,904.86

4,918685
4932424
4,940088
4,959675
45973190]
4,9866731
5,000000
5,013298
5,026526
55039684
5052774
5:005797
5,078753
5,091643
5-10446q
5,117220
53129928
5,142503
5:155137
55167649
5,180101
5:192404
5,204828
5,217103
5,229321
5,241482

Q4
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The RELATION of NUMBERs 77 QUANTITY

- 483 HUS far fingle Arithmetick : Comparative Arithme-
I tick enfues, which is worked by numbers, as they
are confidered to have relation one to another,

484. This Relation confifts in quantity, or quality.

485. Relation in quantity is the reference or refpeét, that
the numbers themfelves have one to another: As when the
comparifon is made between 6 and 2, or 2and 6; § and 3, or

and g,

3 436:5 Here the terms or numbers propofed are always two,
of which the firft is called the Antecedent, and the other the
Confequent: So in the firt Example, 6 is the Antccedent, and
2 the Confequent : And in the fecond, 2 is the Antecedent,
and 6 the Confequent. :

487. Relation in quantity confifls either in the difference, or
elfe in the ratio or reafon that is found between the terms
propounded.

488. The Difference of two numbers is the remainder left
after Subtraction of the lefs out of the greater: So 6 and 2 be-
ing the terms given, 4 is the difference between them ; for if
you fubtract 2 from 6, the remainder is 4.

489. The Ratio or reafon between two numbers is the Qua-
tient of the Antecedent divided by the Confequent: So if it be
demanded what ratio or reafon 6 has to 2, I anfwer triple
reafon: For if you divide 6 the Antecedent, by 2 the Confe-
quent, the Quotient is 33 2 being contained juft 3 times in 6.
In like manner, there is a fubtriple reafon between 2 and 63
for if you divide 2 by 6, the Quotient is 2, or (which is all
one) §; becaufe 6 being not once found in 2, there remains 2
for the Numerator, 6 the Divifor being the Denominator of
the Fraction produced in the Quotient, by Art. 255.

490, "This Ratio or reafon of numbers is either equal or
unequal. |

491. Equal reafon is the relation that equal numbers have
to one another: As 5 to s, 6 t0 6, 7 to 7, &,

492. Here the one being divided by the other, the Quotient
is always an unit: For if it be demanded how often 5isin 5,
the anfwer is 1,

493
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493. Unequal reafon is the relation that unequal numbers
have one to another ; and this either of the greater to the lefs,
or of the lefs to the greater.

494. Unequal reafon of the greater to the lefs, is when the
greater term is Antecedent : As of 6to 2, 5 to 3, and the like,

495. Here the Quotient of the Antecedent divided by the
Confequent is always greater than an unit.: So 6 divided by
2, the Quotient is 3, and 5 divided by 3, the Quotient is
Iz

?1.96. Unequal reafon of the lefs to the greater, is when the
lefs term is Antecedent: Asof 2 to 6, 3 to 5, &,

497. EHere the Quotient of the Antecedent divided by the
Confequent is always lefs than an unit: So 2 divided by 6,
the Quotient is 2, or ; and 3 divided by 5, the Quotient
is 3.

: igg. Each of thefe kinds of unequal reafon is again fubdi-
vided into five other forts or varieties, of which the three firfk
are fimple, and the other two are mixt.

499. The fimple kinds of unequal reafon are, 1. Manifold,
2 Superparticular. 3. Superpartient.

500. Manifold Reafon of the greater to the lefs, is, when
the Confequent is contained in the Antecedent divers times
without any part remaining: As 4 to 2, 8 to 4, 16 to 8, which
is alfo called double reafon, becaufe the lefs is contained twice
in the greater; fo 6 to 2 is triple reafon, 8 to 2 is fourfold
reafon, &e.

sor. Here the Quotient of the Antecedent divided by the
Confequent is always a whole number: So 8 divided by 2, the
Quotient is 4.

502, The oppofite of this kind, wiz. of the lefs to the greater,
is termed Submanifold: Examples hereof are 2 to 4, 4 to 8,
8 to 16, ¢, Likewife 2 to 6, 2 to 8, 2 to 10, &¢,

503. Superparticular is, when the Antecedent contains the
Confequent once, and belides an Aliquot part of the Con-
fequent ; that is an, half, a third, a fourth, or a fifth
part, &'c. of the Confequent; as 3 to 2, 4 to 3, § to 4,
6 to 5, and the like; here 3 divided by 2, the Quotient is 1 £,
and 4 being divided by 3 the Quotient is I 7. In like man-
ner, § divided by 4, the Quotient is 1 %, and 6 divided by s,
the Quotient is 1 §; therefore I fay 2 and half 2 (that is 1)
conftitute 3: So likewife 3 and one third part of 3 (wiz. 1.)
make 4, and {o of the reft.

504, Here the Quotient of the Antecedent divided by the
Confequent is a mixt number, whofe whole part, as alfo the

Numerator
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Numerator of the Fraltion annexed, is always an unit: Asis
obfervable in the Examples laft mentioned.

505. The oppofite reafon of this kind is Subfuperparticular, =

as 2 to 3, 3t0 4, 4 to 5, § to 6, e,

tob. Superpartient is, when the Antecedent contains the
Confequent once, and befides feveral parts of the Confequent :
Asgto3,7to5,7t04, 8tos5,9 tog, 11to7, &% here
5 divided by 3, the Quotient is 13, and therefore 5 contains
3 once, and 2 of 3; for 3 and two thirds of 3, (wiz. 2.) con-
ftitute 5.

507. Here the Quotient of the Antecedent divided by the
Confequent is a'mixt number, whofe whole part being an
unit, has always for the Numerator of the Fraction annexed
to it 2 number compofed of more units than 1: So the com-
parifon being made between 5 and 3, and 5 the Antecedent
being divided by 3 the Confequent, the Quotient is 1 3.

508. The oppofite of this reafon is Subfuperpartient: Ex-
amples hereof are 3to 5, § to 7, 4 to7 , 5108, 5to g, 7 to 11,
and the like.

s0g. The mixt kind of unequal reafons are Manifold Super-
particular, and Manifold Superpartient,

s10, Manifold Superparticular reafon is, when the Antece-
dent contains the Confequent divers times, and befides an
aliquot part of the Confequent; as 5 to 2, 10 to 3, 17 to 4,
21 to 5, and the like.

s11. Here the Quotient of the Antecedent divided by the
Confequent, is a mixt number, whofe whole part confifting
of more units than one, has always an unit for the Numera-
tor of the Fra&ion annexed to it; fo s divided by 2, the
Quotient is 2 L, and 21 divided by 5, the Quotient is 4 .

s12. The oppofite of this reafon, is Submanifold Superpar-
ticular; as2to 5, 2 to 7, 3t0 7, 4 to g, &e.

513. Manifold Superpartient is, when the Antecedent con-
tains the Confequent feveral times, and befides, divers parts of
the Confequent ; as 8 to 3, 17 to 5, 19 to 4, 28 to 5, UFe.

s14. Here the Quotient of the Antecedent, divided by the
Confequent, is a mixt number, whofe whole part, as allo the
Numerator of the Fraftion annexed to it, is always a number
compofed of more units than one: So 8 divided by 3, the
Quotient is 23, and 28 divided by 5, the Quotient is 5 3.

515. T'be oppolite here is Submanifold dSuperpartient; as 3
to 8, 5 to 17, 4 to I9, 5 to 28, and the like.

T hefe are the feveral kinds or varieties of the ratios, or rea-
{ons that are found among® numbers; fo that no two numbers

whatfoever
2
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whatfoever can be named, but the ratio or reafon between
them is comprehended under one of thefe five kinds.

il

E=

CH AP XXXV

Tbe Relation of Numbers in Quality viz. Arithme-
tical and Geometrical Proportion.

£16, ELATION in Quality (otherwife called Propor-

tion) is either the reference or refpeét that the rea-
fons of numbers have one to another j or elfe, which the diffe-
rences of .numbers have one to another.

517. Therefore here the terms propofed ought always to be
more than two; for otherwife there cannot be a comparifon

of reafons or differences in the plural number.
518, This proportion is either Arithmetical, or Geome-
trical.

519. Arithmetical Proportion is, when feveral numbers differ
according to an equal difference, as 2, 4, 6, 8, 10, ¢ here
2 is the common difference between 2 and 4, 4 and 6, 6 and
8, 8 and 10, U, allo 1, 2, 3, 4,5, 6, 7, 8, &, differ by
Arithmetical proportion, 1 being the common difference be-
tween them. :

520, Arithmetical proportion is either continued or inters
rupted,

. 521. Arithmetical proportion continued, is, when divers

numbers are linked together by a continual progreffion of equal
differences. Such are the Examples laft propounded, as alfo
thefe 1, 3, 5, 7, 9, 11, 13, &e. And 100000, 200000,
300000, 400000, &F. ' This is allo called Arithmetical pro-
greflion,

522. Arithmetical proportion interrupted, is, when the pro-
ﬁreﬂiun is difcontinued :  As in thefe numbers, 2, 4, 8, 103

ere 2 and 4 being compared with 8 and 10, differ according
to Arithmetical proportion ; but fo do not 4 and 8 differ ; for
2 is the common difference betwixt 2 and 4, 8 and 103
whereas the difference betwixt 4 and 8is 4. Inlike manner 8,
14, 17, 23, differ by Arithmetical proportion interrupted.

523 Arithmetical proportion may be continued either up-
wards or downwards,

524,
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524. Upwards, when the terms of the progreffion increafe,
as thefe, 2, 4, 6, 8, 10, 12, e or thefe 1, 2, 3, 4, 5, 6, &
And this laft rank is more particularly termed Natural Pro-
grefiion,

52.5. Here, when the firft term is alfo the common difference

of the terms, the lafk term being divided by the number of the
terms, the Quotient will give you the firft term of the rank:
Again, in this cafe, the firft term multiplied by the number
of the terms produces the laft term: So this rank 3, 6, g, 12,
15, 18, 21, being propofed, in which 3 is both the firft term,
and alfo the common difference of the terms; I fay 21, the
lait term being divided by 7 the number of the terms, the
Quotient is 3 the firft term ; contrariwife the firft term mul-
tiplied by 7 produces 21 the laft term.

520, Arithmetical proportion continued downwards, is, when
the terms of the progreflion decreafe : Such as are 35, 32, 29,
26, 23, 20: And 40, 35. 30, 25, 20; 15, 19, §.

527, Here, when the laft term is alfo the common difference
of the terms, the firft term being divided by the number of
the terms, the Quotient will give you the laft term: Again,
the laft term, multiplied by the number of the terms, produces
the firlt term of the rank,

For Example, This rank 40, 35, 30, 25, 20, 15, 10, 5, be-
ing propofed, in which 5is both the laft term, and likewife
the common difference of the terms; I fay 40, the firft term

being divided by 8 the number of the terms, the Quotient is

5 the laft term: On the other fide, 5 the laft term being mul-
tiplied by 8, the produdt is 40 the firft term.

528. Three numbers being propofed that differ by Acithme-
tical proportion continued, the mean being doubled, is equal
to the fum of the extremes: So if s, 6, 7, be given, 6 being
doubled, is equal to the fum of 5 and 7, the two extremes.

529. Four numbers being given, that differ by Arithmetical
proportion either continued or interrupted, the fum of the two
means is equal to the fum of the two extremes: So 5, 6, 7,
8, being given, the fum of 6 and 7, the two mean numbers,
1s equal to the fum of § and 8, the two extremes ; and 8, 14,

17, and 23, being propounded, the fum of 14 and 17 being .

added together is equal to the fum of § and 23.

530. 1n an Arithmetical progreflion, whofe number of terms
is odd, the mean term, being doubled, is equal to the fum of
any two terms that are equally diltant cherefrom ; fo if 1. 2.

3- 4+ 5. 6. 7. 8. 9. 10. 11. be propofed, 6 the mean term being

" doubled, that is 12, is equal to IT+ 1 =104 2=9 + 3
¢,

53%

T |
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531. Hence the fum of an Arithmetical progreflion, whofe
number of terms is odd, will be equal to the mean term mul-
tiplied by the number of the terms: In the above Example,
the mean term (6) multiplied by (11) the number of terms
produces (66) the fum of the progreflion.

532. Otherwife becaufe half the fum of the greateft and
leaft terms is equal to the mean: Therefore, the progreffion
will be equal to the product of the number of the terms, mul-
tiplied by half the fum of the greateft and leaft terms.

533. In an Arithmetical progreflion, whofe number of terms
is even, the fum of the two mean terms, is equal to the fum of
any two terms equally diftant from them; fo if 1. 2. 3. 4. 5.
6. 7. 8. g. 10. be propofed, (§4+6=) 11 the fum of the two
mean terms is equally to 104+ 1=9+2=8+3, &e.

534. Hence the fum of an Arithmetical progreflion, whofe
number of terms is even, will be equal to the product arifing
from multiplying the fum of the two mean terms by half the
number of the terms: In the above Example 11 the fum of
the two means being multiplied by 5, half the number of the
terms, produces 55 the fum of the progrefiion.

535. Otherwife, becaufe the fum of the greateft and leaft
term is equal to the fum of the two mean terms; therefore
the progreflion will be equal to the produét of half the num-
ber of the terms, multiplied by the fum of the greateft and
leaft terms.

536. Therefore, by comparing Art. §32. and 535. it will
appear, that the fum of any Arithmetical progrefion will be
- equal to half the produét, made by multiplying the fum of the

%reateﬂ: and leaft terms, by the number of the terms: For

xample, g terms of the progreffion 1, 3, 5, 7, 9, 11, 13, 135,

ode e stngxgzﬁr.

17, i alt
75 1s equal to 3 3

537. If from the number of the terms of an Arithmetical
progreffion, unity be fubtradted, and the remainder be multi-
plied by the common difference of the terms, the produét will
be the difference between the greateft and leaft term.

This will appear from the generation of the progreffion ;
fuppofing 6 were the firft term, and 2 the common difference.

Then,
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Then, to the firft term 6
Adding the common difference 2
Makes the fecond term T
To which add the common difference 2
Makes the third term 10
T'o which add the common difference 2
Makes the fourth term 12 .

Where ic is evident, that the common difference is added
as often as the number of terms lefs 1.

538. Hence, if to the leaft term be added the produé of
the common difference by the number of terms lefs 1; the fum
arifing will be the greateft term ; and, on the contrary, if the

faid product be fubtratted from the greateft term, the remain-
der will be the leaft term.

For Example, In the progreffion 3,'s, 7, 9, 11, 13, confift-
ing of 6 terms ; 5, the number of the terms ?el's I, being mul-
tiplied by 2, the common difference of the terms, preduces 10,
the difference between 3and 13, the leaft and greateft terms ;
and therefore 3410=13, and 13—10=73.

539. Hence, the fum of an Arithmetical progreflion will be
equal to half the produc of the common difference, number
of the terms, and number of the the terms lefs 1, multiplied con-
tinually ; and added to the'produét of the leaft térm and num-
ber of the terms ; or fubtracted from the produ& of the oreateft
term, and number of the terms, |

For by Art. 536. the fum of the progreffion is equal to half
the product, made by multiplying the greateft and leaft term,
by the number of the terms ; and the above will appear to be
half the faid produ& from Art, 538,

For Example, The fum of the Arithmetical progreffion
whofe leaft term is 3, common difference 2, and number of -
terms 6, will be  x2 X6 x5 4+ 3 x 6= 62 + 18 = 48.
And the fum of the Arithmetical progreffion whofe greateft

term is 13, common difference 2, and number of terms 6, will
be 6X13—1 X2 X6 X 5=78—5°—48,

540. When numbers have the fame or an equal ratio or
reafon, they are faid to be in Geometrical proportion: Thus
3 0, 12, 24, 48, &, are numbers in (Geometrical propor-
tion; each Antecedent being to its Confequent in proportion
as the two firlt terms 3 and 6, viz. as 1 to 2.

541. Geometrical proportion is either continued or inter-
rupted.

542,
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542. Geometrical proportion continued, otherwife callcd
Geometrical progreffion, is when every Antecedent and its
Confequent have the fame rario or reafon, as in the Example
quoted in Art. 540. 3, 6, 12, 24, 48, &c. each Antecedent
containing its Confequent twice. Note, The number (2) by
which the progreffion is continued, is called the ratio of the
progreflion,

543. Hence, in a Geometrical progreflion, each Antecedent
is to its Confequent, as the firft term is to the fecond, or as
un}i}' is to the ratio of the progreflion,

ote, All the numbers, comprehended between the firft and
laft, are called mean proportionals; fo 6, 12, 24, are three
mean proportionals between 3 and 48.

544, Geometrical proportion interrupted, is, when the pro-
greflion of like reafon is difcontinued, in fuch fort, that the
four numbers being given, the like reafon is not found betweea
the fecond and third, that is between the firft and fecond,
and the third and fourth; of this {ort are thefe numbers 2, 4,
16, 32; here, as 2 is to 4, o is 16 to 32 for they differ by
double reafon ; but as 2 is to 4, fo is not 4 to 16, for 4 and
16 differ by fourfold reafon, 4 being contained 4 times in 16,

545. The numbers of Multiplication and Divifion are pro-
portional ; for in Multiplication, as 1 is to the Multiplier, fo
* 1s the Multiplicand to the produdt, or as 1 is to the Multipli-
cand, fo is the Multiplier to the product: Apgain, in Divifion,
as the Divifor is to I, fo is the Dividend to the Quotient:-
Or, as the Divifor is to the Dividend, fo is 1 to the Quo-
tient,

546. If the rank of powers in 4rt. 412, wiz. 1, 2, 4, 8, 16,
&¢. be feverally multiplied by the number 3, the produéts 3,
6, 12, 24, 48, &e. are a Geometrical progreflion, whofe ratio
is equal to the root of thofe powers.

547. Hence a rank of powers is 2 Geometrical progreffion,
and if a Geometrical progreffion be divided by the firft term,
it quotes a rank of powers.

548. Hence alfo the leaft term and ratio of any Geometrical
progreflion being given, any term (whofe diftance from the leaft
1s known) may be found; by raifing the ratio of the progrefion
to a power, whofe index is the given diftance, and multiplving
that power by the firft term of the progreffion. i

For Example, The fifth term (48) of the above progreffion
(whofe diftance from the firft term is 4) is equal to (16) the

fourth
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fourth power of the ratio (2) multiplied by (3) the firft term
of the progreflion, for 3 x 16=48.

549. But if the greateft term of the progreffion be given;
then divide it by the faid power of the ratio, and the Quotient
will be the leaft term.

For Example, If it be required to find the fifth term of 2
Geometrical progreffion decreafing, whofe greateft term is 162,
and ratio 3.

The diftance of the terms being 4, raife 3 to its 4th power
81. then divide 162 the greateft term, by 81 the power, and
the Quotient 2 will be the term required.

550. Any number of mean proportionals may be found be-
tween two given numbers, thus: '

Divide the greater of the two numbers by the lefler, and ex-
tra&t that root of the Quotient whofe Index is greater by unity
than the number of means required, fo fhall the refult be the
ratio of the progreffion; from which the terms may be made
by continual Multiplication. Example, Let it be required to
find 3 mean proportionals between 2 and 162.

Then will J‘;* =2 3 1/481 = Jg —3 be the ratio.
And 2 x3=6; 6 x3=18 ; 18 X 3=54 ; the means required.

551, If three numbers be in Geometrical progreffion, the
{quare of the mean term is equal to the produét of the extream
terms: For Example, in the three numbers 3. 6. 12; the
fquare of 6, viz. 35, is equal to the product of 3 and 12.

552. If four numbers be in Geometrical proportion, either
continued or interrupted, the produ of the two extremes will
be equal to the produét of the two means.

Example 1. The numbers 3. 6. 12. 24. are in Geometrical
proportion continued, and 3x24=72=6x12.

Example 2. The numbers 2, 4:: 16, 32. arein Geometrical
proportion interrupted, and 2x32=64=4 X 16.

Hence, if, in any 4 numbers, the product of the two ex-
treams, is equal to the product of the two means, thole num-
bers are proportionals.

553. If 4 numbers 2 : 6 :: 7 : 21 are proportionals, that
proportionality will continue among the numbers that arife by
thofe changes of them in fituation and otherwife, which follow,
iz,

Cafe 1. In Alternation, i. e. if the two extreams, or the two
means feverally change places between themfelves. '

: For
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‘For Example 2 :% ::6: 2y for''a %21 =7 X 6.
' © And 4% 377456 2 for 21K 2= 7% 6.
 Cafe 2. In Inverfim, 1. e. if at the fame fime the two firft
and the two laft change places between themfelves.
- For Example 6:2::21:7 for6 X7 =2 X 21
Cafe 3. In Compofition, i. e. if the firft and fecond terms be
added together, for a new firft term ; and the third and fourth
terms be added together, for a new third term. -
For Example 24+6: 6 :: 7421 : 2I. ' j§5 cl
That is R R for 8xx21=06x28.
~ Cafe 4. In Divifion, i. e. if the difference of the firft and
{fecond terms be made the firft term ; and the différence of the
third and fourth terms be made the third term.
For Example 6—2: 6 : :'21—7 : 2I. . .
Thatis  4:6::14 21 for 4x21=0x14.
Cafe 5. In Converfimm, i. e. if -the fums or differences; men-
tioned in the two laft Cafes, be made the fecond and fourth
terms, inftead of the firft and third.
For Example 2:246::7: 742
And 2:6—2::7:21—
I RAC S’  faagrigan horei i 8 for 2 x 28=8 x 7.
e Bl g o Divgvag v wifori e RI4T5AX T
. Cafe 6. In Mixticn, 1. e. if the faid fums, and differepces,
are mixed among the terms, oL
For Example 246 : 6—2: 17421 1 21—7. i
Sk That is 8:4 . :: 28z 14 for8xi14
| = 4 %38,

554, The fucceflive differences of the terms of a Geometris
cal progreffion will form another Geometrical progreflion, ha-
. ying the fame ratio. :
Examp. 1. In the Geometrical progreflion 3. 6. 12. 24. 48.
&5¢, if each Antecedent be fubtralted from its Confequent, the
remainders will be 3. 6. 12. 24. e,

Examp. 2. In the Geometrical progreffion 2. 6.'18. 54 162.
486. &¢. whofe ratio is 3, if each Antecedent be taken from
its Confequent, the remainders will be 4. 12. 36. 108. 324.
&¢. in which rank.of remainders the ratio is alfo 3. .

. 555. The fucceffive fums of the terms of a Geometrical pro-

greflion, taken two and two, three and three, four and tour,

&, will form -other Geometrical progreflions, having the

fame ratio. Tor Example, in the progreflion 1.°2. 4+ 8. 10.

182. 64. 128. &c. the fucceffive fums of the terms, taken two

and two, wil be 3, 6, 12, :4}‘%,‘ 46, 192, rithe Jng:;
4
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five fums of the terms, taken three and three, will be 7. 14.
28. §6. 112, 224, & The fuccefiive fums of the terms,
taken four and four, are 15. 30. 60. 120. 240. &c. In all
which ranks of fucceffive fums, each Confequent contains its
Antecedent twice; that is, each Antecedent is to its Confe-
_quent, as (1) the firft term of the original progreffion, is to
(2) its ratio. -

556, Hence, let a Geometrical progreflion confift of never
fo many terms; L _ ‘
As the fum of the Antecedents,
To the fum of the Confequents:
So is unity, :
To the Ratio of the progreflion.

557. Therefore, by Cafe 5. Art. 553
As the fum of the Antecedents,
"T'o the difference between the fums of the Confequents
and Antecedents:
So is unity,
To the Ratio lefs unity.

5%8. But the difference between the fums of the Antece-
dents and Confequentss will be the difference between the laft
and firft terms; for all the intremediate terms are included
in both fums: And the fum of the Antecedents is the fum of
the Progreffion, wanting only the laft term. -

559. Therefore, As the fum of the progreflion lefs the laft
term
To the difference between the extreme
terms:
So is unity,
To the Ratio lefs unity.

s60. Or by Cafe.1. Art. 553
As the Ratio lefs unity,
To unity: - . ,
So is the difference of the extreme terms,

To the fum of the progreflion lefs the laft term.
561. Hence, having either the greateft or leaft term, and
_ the Ratio of a Geometrical progreflion, given ; the fum or to-
tal of any propofed number of terms thercof, may be found by
the following ' : : AR Y
Rule. If the leaft term of the progreffion be given, find the |
greateft by Art. 548. If the greateft be given, find the leaft |
by Art. 54g. Then fubtract the leaft term from the greatﬂft‘- |
. ; e - : 2 an

-
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and divide the remainder by the number which is lefs by one
than the Ratio: Laftly, to the Quotient add the greateft term
of the progreffion, and the fum will be the anfwer.

Example 1. What is the fum of § terms of a Geometrical
progreffion, whofe leaft term is 3, and Ratio 2?

'g‘he fifth or greateft term of this progreflion is 48, by Art.
540- .

Then 48 — 3 = 45 = the difference of the extremes;

And 45 — 45 = the Quotient of that difference,
when divided by the Ratio lefs unity.

Lﬂﬂl?: 45 + 48 —93= the fum of the prugreﬁinn 3. 6.
12. 24 48. ‘
~ Example 2. What is the fum of 5 terms of 2 Geometrical
progreflion, whofe greateft term is 162, and Ratio 3¢

The fifth or leaft term of this progreffion is 2, by Art. 549.

Then 162 — 2 — 160 = the difference of the extremes}

And *3° — 80 — the Quotient of that differencs,
‘when divided by the Ratio lefs unity. '

 Laftly, 8o+4162=242= the fum of the progrefiion 162,
2. 18. 0. 2. |

562, If there be two Geometrical progreffions, whofe Ra-
tio’s are equal : “Then, = =
As any term of the firft progreflion,
T'o any term of the fecond :
So is any other term of the firft, whofe diftance from the
former is known,
To a term equally diftant from the former in the fecond.
For fince the Ratio’s are equal, and the diftance the fame,
and fince by Art. 548, and 549. the refpetive terms in each
progreffion are produced by mu tiplying or dividing by the fams
power of the Ratlo ; therefore the faid terms muit be in pro-
portion to the numbers, fo to be multiplied or divided.

563. Hence, As the leaft or greateft term of the firft pro-
greflion,
“To the leaft or greateft term of the {fecond :
So is the fum of any number of terms of the
firft,
“To the fum of the like number of terms of the
~ . fecond,

For the whale: will be in the fame proportion as their com-
“--ponent parts. ,
- R 2 564,
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564. Hence, in any Geometrical progreffion, if the fum of
any number of terms be known, the fum of 2 like number of
terms, the firft of which is fituated at-a given diftance from
the firft term of the former,; may be found by the following
proportion. '
As unity,
To that power of the Ratio, whofe index is the given
diftance : o :
So is the fum of the given number of terms,
To the fum of a like number of terms, beginning at the
given diftance.

Example In the Geometrical progreflion 2. 6. 18. 54. 162.
486. 1458, &% if the fum 26 of the three firft terms be gi-
ven, to find the fum of three other terms beginning with the
fifth; then the diftance of the firft term from the fifth being
four, it will be as 1 : 81 _(the fourth power of the Ratio 3;) fo
is 26 te 2106, the fum of 162, 486 and 1458.

€ HAP. XXXVL
Rurcs of PracTicE &y AriquoT Parts.

565. N Aliquot part takes its name from the Latiz word

A aligusties; (for according to Euclid) an aliquot part
is fuch a part of a gredter number as being taken (aliguo-
ties or) certain times, precifely conftitutes that greater num-
ber; fo 3 is an aliquot part of 123 for 3 taken 4 times,
exactly makes 12, without any excefs or defect: In like man-
ner, 4 is an aliquot part of 20, becaufe 4 taken § times pre-
cifely makes 20; but 7 is not an aliquot part of 20, for 7
takeq twice, wants of 20; and being taken thrice, exceeds 20:
This kind of part laft mentioned, is by Euclid called pars ali-
quanta, of which there will be no ufe in this place.

566. When the Rule of Three Diret has 1 or an integer
for the firft term, it is commonly called a2 Rule of Praétiee,
cither from the great ufe and practice of it in common affairs,
or elle becaufe queftions of this nature may be refolved by

operations more fpeedy and practical than thofe of the Rule

wf T hree.

567
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* 567. The following numbers of fhillings are aliquot parts
of a pound, wiz.

RO it o e
55, = g o oy i
i ¥ sl o Rl

& so== 2L
. 68. Any even number of fhillings is either 5 of a2 pound
{that is 2 fhillings) or elfe is compofed of 55/ (to wit, 2 s.)
taken certain times: So 8s.is compofed of 5L (or 2
fhillings) taken four times: In like manner, 18s. is compofed
of ... taken g times, it ,
* 569, When the price of 1, or an integer of what name
foever, is 2 fhillings, the price of as many integers as one will
of that name is difcoverable at firft fight; to wit, by account-
ing the double of the figure which ftands in the firit place
(towards the right-hand) of the faid number of integers as
Thillings, and the reft of the faid number as pounds:  So 345
yards at 2 fhillings the yard will coft 34/, ,

105. for the double of § is 10, which write Yards
down apart as fhillings; then efteeming 245

the remaining figures towards the left-hand, s
to wit, 34, as pounds, the anfwer will be dnfw. 34/, 105,
4/, 10s. This contraction is nothing elfe,
gut dividing the number of integers, whofe price is required
'by 10, |
g70. The reafon of thie will be evident if we argue thus,

245 yards at 205, per yard amount to 345 [
- * But the given price 25. is *5th of 205,
Therefore 345 vardsat 2s. per yard will amount to ' of

- 345Y,

More Examples hereof are thefe:

0%.
What coft 2057 at 2 5. per ozl
| AR %
Anf{wer 205 : 14
.yarcff.
What coft 120 at 2.5, per yard?
'

Anfwer _1:.&1 : 0
R3 W1,
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571. When the given price of 1, or an an integer, is any even
number of fhillings greater than twa fhillings, multiply the
number of integers, whofe price is required, by half the given
number of fhillings, with this caution, that the double of the
figure which arifes, in the firft place of the produét be written
apart as fhillings, and the reft of the product as pounds: So if

it be demanded what 218 yards, at 8 fhillings the yard, amount

to, the anfwer will:be found 87/, 4s. For

1 multiplied 218 by 4 (whichis half 8 the Yards.
given number of fhillings) faying 4 times 8 o520
is 32; here the double of 2 (to wit, of that oy il
figure which is to poffefs the firft place in the -
rodud) is 4, which fet apart as fhillings, ety Vs
Eeeping 3 in mind for the three tens : Again, Anfwer 87 : 4

4 times 1 is 4, which with 3 in mind makes .
7: Laftly, 4 times 2 makes 8, therefore the anfwer to the
queftion is 87 /. 4s. The reafon of this contraction is evident

from Art. 568, 570. More Examples of this Rule are thefo

~ following:
What coft 436 yards, at 14+, per yard ?
7

L 5o
Anfwer 305 : 4

What coft 320 yards, at 18 s. per yard ?
9

-

s o
Anfwer 288 : o

572. Any odd number of fhillings is either compofed of
2.1 (or 25.) and of L, (or 15 )or elfe it is compofed of
" 2l (or 25.) taken certain times, and of %/ (or 1s.) So
3 5. is compofed of 2 5. and 15, Alfo 7+ is compofed of 25.

taken three times, and of 15. Likewife 13s. is compofed of |

2s. taken fix times, and of 1s.

573. When the given price of 1, or an integer is 2n odd
number of fhillings, work for the greateft even number of
fhillings contained in that odd number, according to Art, 571

then for the odd fhilling remaining, take ;% of the number |

of integers whofe price is required, (by Art. 107.) Thefe two
refults added together, give the anfwer to the queftion : 50&_
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if it be demanded what 2344 ounces, at I35 o%.

the ounce, will coft, the anfwer will be found 2344
15234 125, For if I multiply 2344 by 6, 6
(to wit, by half the remainder, when 1 is

abated from 13, the given number of fhil- /. o
lings,) there will arife 1406/ 8s. (by drt. 1406 : 8
§71.) Then taking % of 2344, there will 17 4
arife 1171, 4s. which being added to the for-

mer produc, gives 15234 125, for the an- ol
fwer to the queftion, . Anf 1523: 132

More Examples of this Rule are thefe following:
~ What coft 345 yards, at 17 s per yard ? :
2 iy I
276 : 0 = 345%5%s,
17 « § = 345%35

Anfw. :.."gg o

——

" 'What coft 739 yards, at 195, per yard?

L. [
665 : 2
5. 8b w10 5i;

Anf. 702 : I

574. This Example might have been performed otherwife,
thus: S | |

g yards, at 205, per yard, amount to 739/ ©5.

And 739 ditto, at Is. per yan_i, amuuit } 361, 195

to % thereof

e ki

Therefore 739 yards, at 19 5. per yard, amount]
to the difference of thofe vah:es R 702 1.

And by parity of reafoning, when the given price is 18 5.
165, or 15s. per yard, from as many pounds as there are yards,
fubtrac feverally the %, 4+, or § thereof, and the remainders
will be the anfwers. § A

~ 575. Alfo Queftions of this kind mﬁy be folved, by ufing

the Aliquot partsof a pound: Thus, in the {fecond Example, fince
r7.is«compofed of 10+5+ zi%'.it may be performed zs below

4 345
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- 345 yards at 20s. per yard, amount to . 345/
345 ditto at 105, amount to Lof 345 L. = 172: 16
345 ditto at’ 55 amountto ;of 345 = 86 cg?
345 ditto at 2 s. amountto y'of 345/ = 34: 710
Therefore 345 ditto at 17 5. amount to o i o
Examp. 2. What coft 928 yards, at 5., per yard ? ;
- T of 928 = 232 /. the anfwer,
“Examp. 3. What coft g28 yards, at:6. per yard ?
b v 0f g28 = 185: 12 = the amount at 4 s,
+50f928 = 92: 16 — the amount at 2 s,

2

Therefore K = the amount at 6 s

Note, Since 2.5. isthe L of 45 the amount at 2 s. might
have been.found, by taking the % of the amount at 4 s,

576, When the price of 1, or an integer, confifts of pounds
and fhillings, firft multiply the number of integers, whofe price
is required, by the number of pounds in the faid given price,
and fubfcribe the product as pounds; then proceed with the
fhillings in the faid given price, according to Arz. 571, &k,
and having fubfcribed that which arifes under the aforefaid pro-
duct of pounds, add them all together for the anfwer of the
queftion: So, if it be demanded what 328 hundred-weight
amounts to at 2 /. 17 s. per hundred weight, the anfwer will
appear to be 934. 2. 16 s. as by the operation is evident, i

C. wt.
328
2

L e
o4k e e Ll 110 A
e e L M
o Of 328 = 2 B

Anfw. 934 : 16
More Examples to illuftrate this Rule, are thefe following ;
What coft 504 C. wt. at 7/, Y2 5. per C. wi, |

—_—

oy
S04 M == aealt o
504 X 55= 302:8

Arnfw. 2830:8
What
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* . What coft 129 C. wt. at 54 7 4. per C. wh

.

b pid

. 129 XigotuO45: 0

) 129 X <5 = 38114
sthof 3209 a0, sxotbing

Anfw. 690 . 4

g7%. Any number of pence under 12.is either an Aliquot
part of a fhilling, or elfe compofed of Aliquot parts thereof ;
{o 7 pence is an Aliquot part, to wit, + of a fhilling. Like-
wi% 4 is & of 12 : But farther, 5 pence.is compofed of 2 Ali-
quot parts, to wit, of 3 Fpence, which is 1 of a fhilling, and
of 2 pence, which is L of a fhilling ; all which will readily ap-
pear by the following Table, :

Pence, | 'Aliquot parts of a fhilling,
1} O A (ordofy)
3 |
2 &

;B %

4 3

[ PPAC-TES JF

6 é—

T8 it ba

8 43

9 Fi i

10 o

11 24+ 34+ %

e

578. When the given price of 1, or an integer, is an Ali-
quot part of a fhilling, divide the number of integers whofe
yalue is required by the Denominator of fuch Aliquot part ; fo

~ will the Quotient be the number of fhillings that anfwers the

e : queftion ;
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queftion ; which number of fhillings ' (when there is occafion)
may be reduced to pounds by the brief-way of dividing by 20:
So if it be required to know what 2686 ounces at 4 pence the
ounce amount to; the anfwer will be-foiind 44/ 155 44.
For fince 4 d. is an Aliquot part, to wit, I of a fhilling, divide
2686 by 3, fo will the Quotient be895 % . or 895 5. 4 4. which
thillings being divided by 20, give44 4 155, 4d. for the an-
fwer to the queftion, as you fce by the following operation :

0.
.I-iﬁa'ﬁ- ’ -
R T d. ¢ . :

20) B9 | §:4 = % of 26861
“Anfwer 44': 157 4 ' |

More Examples of this Rule are thefe following :

W hat coft 759 yards, at 6 4. per }rar& 3

f- Sietbpsatiger tf. B =1
) 371 936 =5 %7505 ;
Anfw, :g:rg':ﬁ‘ % =

: ' |
+ What coft 204 yards, at £4d. per yard?

Anlw, 134 =55 c-ff 204 5,

579. When the given price of .an inLeggr is compofed of
Aliquot parts of a fhilling, divide the jnumber of integers
whofe price is required, by the feveral Denominators of the
Aliquot parts contained in the given number of pence, then
add the Quotients together, and the fum will be the number of
fhillings which anfwer the queftion. Sa if it be demanded
what 2347 yards of linen cloth will coft,

at g 4. the yard, the anfwer will be found Yards.
88/ 0s.34d. For fince g d. is compofed: 2347

of 64. and 34. to wit, of the Aliquot

parts 7 and {'of athilling, firft divide 2347 o -
by 2, (the Denominator of the Aliquot part 1173: 6
%,)} fo there arifes 1173%, or 11735, 6 4. 53#':. : 9

Again, dividing the faid 2347 by 4, (the P 50 G
Denominator ‘of the other Aliquntipart) 20) Iff A9 ‘?
there will arile 586 3 or 5865, g 4. which A BT Jiler
two Quotients being added together give “*MW- 99:0Q: 3

1760 5.

P
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17605, 3d.or 881 05 34 which is the anfwer of the Quef=
tion.
i Muré Examples to illuftrate this Rule, are thefe:
What coft 782 yards, at 8 4. per yard ?

A Py
260: 8 = 3 of 782 1.
260 : 8 = ditto.

e

'20) ?.l 1k

$. ds . -
Anfw. 26:1: 4 :

What coft 540 oz. at 114d. per Y

180 of 540 5.

180 = ditto. L

135 = * of 540 4. '
 4s

? 5,5 5d,

Anfw. 24:1I5:0

s80. Or the Work of this Example might ftand thus, viz.:
? 540 yards, at 12 d. per yard,"amount } _ . J

TR .El'IE U'FS#-UL R A }—n 27 ke (e JF 1

And 540 yards, at 1d. per yard, amnunt}_ R

to .2 of the laft found fum 27 l.

Therefore 540 yards, at 11 d. per yard, amount |
to the difference of the abr;fg values . 24 1. 155

After the fame manner, when the given price is 10 d. gd. or
8 4. from the amount at I . (ubtraét feverally 2,4, or § of the
fame ; and the remainders will be the anfwers. '

s81. *Twill be more convenient, in fome cafes, where the
price given is not an Aliquot part of 2 fhilling, to divide the
fame into two or more fuch parts, that the frft may be an Ali-

uot part of a fhilling, and the fecond, &, Aliquot parts of
the former : For Example, if the value of 540 yards at7 d.
per yard be required, the fame may be found as fc:-fluws :

540
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: 540Q }fla_r_d;,s, at 124d. per ]mrd'amqunt to 'z;r '
540 ditto, at 64, amount to + that
fum —
540 dittesat 1 4. amount to £ of the) _ ;
the laft fum§ = 2% 54

Therefore 540 ditfo, at 7 4. amount to x5 M LA

]

=131 304

582. And when the Price copfifts of pence and farthings,
the proce(s may be of the fame kind : For Example, required
the value of 540 yards, at 73 d. per yard.

540 yards, at 124. per yard, a- g
mount tc-} ks
540 yards, at 6d. per yard,
; amount to = of 27 .
5§40 yards, at 114, per yard, | __ -
amou;ttu ot gt E.};tr.r:}"' 34175 64,
540 yards, at 4. per y:_a_r_d,}___
agpount to gof 3L 75, 6d. J—
Lherefore 540 yard,, at 73 per yard, a- Q3
33 F P ml:mn’t tn}_ & j’_ 2. gd’.

=

}: 13k 105,

IIs. 34,

583. When the given price of an integer confifts of fhil-
lings and pence, firft multiply the pumber of integers, whofe
value is required by the faid given number of fhillings, and
fubfcribe the produét as fhillings ; then divide the faid number
.of integers by the feveral Denominators which are correfpon-
dent to the Aliquot parts contained in the given number of
pence, and fubferibe the Eua.tien_t_ O b b <
~Quotients under 'the aforefaid produ&t yards,
of fhillings, “all which being added to- 347
‘gether give the number of i!hi][_ings -
_which anfwers the queftion: So if it £ di
“be.demanded what 347 yards of cloth % :
will coft at the rate of 75, 104. the +of 347 = 173:6
yard, the anfwer will be found 1354 % 3

18s5. 24d. For firft 347 being multi- e R
lied by 7 (the given number of fhil- 20)271,8: 2
;'§hgs,-} produces 2429 fhillings, then l, Pl -
ividing 347 by 2 and 3 feverally (be-  Anfw. 135:18:2

caufe 104, is compofed of X and I of
a fhilling,) the Quotients will be 173% and 1152 that is 173 <
6d. and 1155, 84. Laftly, the (um of all is 2718 5. 2 4. or

125/ 185 2. '
3 More
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More Examples of this kind, are thefe: |
What coft 540 yards, at 175, gd. per yard g
i HEL 2 7Y AP 04

%

2780

17 X 540:{ gio

L of g40= . 270

jof s40= 135

"

20) 958{s5 -
Anfw. 4794 §5. od. |
What coft 313 yards, at 1igs. 64, per yard!?
14 U

i 2582
14 X313= { ;Ig

Iofigiy— 15020

20)4538 : 6
Anfw., 226/ 18s. 64d.

s84. But if the given price be between one fhilling and two
fhillings, the procefs may be the fame asin 4rf. 578, 570,
&5c. excepting only, that the value of the given integers at
1s5. per yard, inftead of being feparated from the reft by a line,
snuft be added up with the reft, For Example, required the

value of 540 yards, at 15, 73d. per yard ?

540 yards, at 12 d. per yard;, amount to 27/,
540 ditto 6 d. per yard, amount {_ St
to Lofay 1—13°7°
540 ditto 12d.ditto Fof ¥rto=3: 7:6
s4o0 ditto  Id.ditto  Fof 31 7: 8=11:%
Therefore 540 ditto 393 or 15, 754. amount to 44 : ¥:g
: Compare this Work with that in 4rs. 582.

¢ 8. When ‘the price of an integer confifts of fhillings and.
pence, and that fuch fhillings and pence jointly confiderced
do make an Aliquot part of a pound, it will be a briefer way
to divide the number of integers, whofe value is required, by
- the Denoniinator of fuch ‘Aliquot part, fo will the'QEu:btienf
give the anfwer to the queftion in pounds, and known ‘pafts of
@ pound. Thus, if it be demanded what 767 yards coft; at ‘the

rate
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rate of 65. 84. the yard, the anfwer will be found 255/ 13+,
d. For fince bs. g d. is an Aliguot part, to wit 3 of a pound,
ivide 767 by 3, fo there arifes in the

Quotient 2553, or 255/. 13s. 44. which L7 Bl

is the anfwer of the queftion. Note, 3)767(255:13: 4

That the Aliquot parts of a pound

%Eu;}'.lrﬂnient for this Rule, are thefe exprefled in the following
ADIC, ]

i

/. d.jAliquot parté of a pound.
ot ]
3: 4} 3
2':6f §
I: 8| %
I1: 4| ~¢ |
I: 3| rs

§86. And indeed every queftion, wherein the price confifts
of fhillings and pence, may be folved by the Aliquot parts of
a pound, and the Aliquot parts of them : For Example, what
coft 540 yards, at 17s. gd. per yard?

540 yards, at 20 5. per yard, amount to_540 L

40 ditto, at 10s. amount to ;. of §40/. =270
540 ditto, at §s. amountto} of 270/ =135
540 ditto, at 2s. 64. amountto ;

of 3= 7% = 67 + 19

o ditto, at ©0s. 3d4.amountto ) __ )
54€ > 3 of 651, IG?} =~ 6 3 I8
Therefore 540 yards, at 57 5. 9 d. amount to 479 : %

587. But if the price were 11 175. g d. per vard, then draw
no line under the 540/ but add it up with the reft ; and 540 |

yards, at 1/. 175 9d. will amount to 1019 g !
530 34, 31 : 588,
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588, When the price is fhillings and pence, and fuch fhil-
lings and pence confift of the fame figure. = :
ultiply the given quantity by the fhillings, taking al-
ways the %z of the produé for the pence, the total of which
divided by 20, gives the anfwer in poundia®. oo e
Example. What comes 731 ells of Hoiland to, at 75, 7d.
or 115, 11d. per Ell ? e . T

731 ells, at 75 74, ?ﬁt ells, at 115, 114
7 I .
#) 5117 1) 804K 1 -
426 : o5 670 : o1
2]0) 55413 © 05 2lo) 871l1 : o1
277 : 03 : 0§ 435 : 11 : o1

589, When the given price of 1, or an Integer, \confifts of
pounds, fhillings, and pence reduce the pounds and fhillings
into fhillings, then proceed according to 4rt, 583. So 517 C.
at 3. 175. 5d. per C. will be found to amount to 20c1 /.
45. 5d. For having'reduced 3/. 175. into 77 5. multiply 517
by 77, and fet down the particular producls; then for the 5
pence which is compofed of the Aliquot parts } and } of a
{hilling take £ and 2 of g17, and fublcribe the Quotients or-
derly under the aforefaid produéts: Laftly, adding all together
the fum is 40024 5. 5 d, or 2001/, 44 5d. for the anfwer of
the queftion, |

C
7 517
: : 6
77 %517 =1 g
sof g17.= -, 129 3 34.
zof 517 = 86 : 2

- e T —

2[0) 4002 | 4 : §
Anfw. 2001 14- SR

More
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More Examples of this Rule, are thefe following :
What coft 108C. at 5l 13s.84. per C.

‘ 324
113X108=4 108
108

Lol Ios = 36

1 of 108= 36

.

20)1227]6
{, sf] d. -
Anfw. 613 : 16 : ©

‘What cnﬁ-&q.C. at 2/. 105, 6d. perC.

50 X 84—4200
+of84= 42

A ST
20) 424’ 1 2 (212 "%y

d.
o Anfw,

590. Queftions of this kind may alfo be performed, by mul-
tiplying the number of integers, whofe value is required, by the
given number of pounds; and then procesding according to
Art. 586 for the fhillings and pence.

Examp. 1, What coft 108 C. wt.at 5/ 135. Scz'.j:»;r C. wt.
5 %108 = 540 = the amount at 5. per C. wt.
z0f108 = 54 = ditto, at 101,
3of 54 = 18 = ditto, at 35. 4d.
ypof 18 = 1:46=ditto, at 0s5. 4d.

Therefore 613 : 16—theamountat 5/ 13s5. 84,

Examp. 2. What coft 306C. wt. at 2/, 125. 41d.per C. wt.

2xX306 =612 for 2.

T X300 =153 for I0s.

3 X159 1 =L Ny 3 1 for 25

5K 30T 12 =6 . N T 4.d.
TR 5= o1l g for oLd.

Therefore 8or: 6: g for 2/ 125 41d.

It
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sor. The beft way of proving the Work of Queftions in
Pragﬁce, is to perform the fame by another method : Thus
the firft example in 4rt. 590. and the fecond in 4rt. 589. mu-
tually prove each other.

592. When the price of an Integer is given, and the price
of many Integers of the fame name together with £ or Lor }
of an Integer is required, the value of thofe Integers may be
firft found by fome of the preceeding Rules, and then for the

rice of L of an Inte%er, take X of the given price of an Inte-
ger ; likewife for X of an Integer, take } of the faid given price ;
alfo for 2 of an Integer, take the fum compofed of ; and } of
the faid given price: So if it be demanded what 134 C. 3 gu.
(to wit, 134 hundred weight, and % of an hundred weight) of
fugar will coft at 4/. 16 5. 3d. per C. the anfwer will be found
648 /. gs. 8% d, as by the lubfequent operation is manifeft,

134 C. wt. 3 qu,

4
4 X 134 — for 4 1.
1 of 1734 = .hy for . 105
2-of 267 — e dRO for.. .. 8.
3of - 23 : 10 = %:I.q. for I,
o R e e S R I 34.
Add 2 ' 8:1lfor 10, wt,
{ I 4:0}for 1C. wr,

Anfwer —6;.1.8: g:8%

- 893.. Whenever the parts given are fimilar to any knowa
 parts of a pound, queftions of this kind may be then advan-
' tageoufly performed, by firft finding what the given Intezer, and
the parts annexed, would amount to, at 1/, for each Integer :
For inftance, in the above Example, when 1 C, wt. cofts 1/,
3 qu. will coft 15 s,

C. wt. qu, ot i b
Then 134:3at1l  per C. wt. amount to 134: 15
134:3at 4/ —4X134:35  =539: O

A= daroabus  =tal1ad1g 5 by 7:6
13430t 08 T STal-07c A b 3g:13:9

I34:2at: ‘15  =qof 33:13'9= ©0:14:.9

1 134 : 3at 3d. —*of 6:12:9=— 1:13:8%
Therefore 134 : 3at4:10:3 amount to  648: 9:8%

| ¢ 594.
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5g4. But the advantage of this method will be very confpi--
cuous, in the computing the values of gold and filver plate:
for in Troy weight the ounce (which is the Integer in thofe:
kinds of computation) is divided into 20 penny-weights, fo that
at 11, per oz. each penny-weight will be worth 1s. Again the
penny-weight being divided into 24 grains, every grain. will
be worth an half-penny, and every two grains one penny ; {o*
that the value of the given quantity, at 1/ per oz, may be’
wrote down at fight. | '

Examp. 1. What coft 327 6z. 17 p.w. 20gr. of gold, at
3l 175, 6d. per 0z?

0%, PW. g7 i Py
Now 327 : 17 : 20 at 1/ per oz, amount to 327 : 17 : I0

Then for 3/. take 3 x 327:17:10 =983 : 13: O
105"« Zof ga7:Ty a0 =163 18 2N
5 5. Lof Thy: 18 ¥r = 81139 % -5%

25, 6d.2of 81:19:5L= 40:19: B}

Anfwer 1270 : IT : 7%

595, There are many perfons who are abfurd enough to ropofe,
as a trial of the Aritbmetical Skill of others, the multiplying of
a number of pounds, fbillings, and 5).‘.’?!4':;’, by a number of pounds,
fhillings, and pence ; the reader is r.rerz{&re defired 1o take notice,
that if any fuch perfon fould prap&% to him the multiplying of 3271, |
,IE? s.10ds by 310 175, 6d. that he may proceed as in the above

xample, and give the anfwer 12701, 118, 73 d. for the pro=

duct required. 5
. : \

Examp. 2. What coft 3270z 17 paw. 21 gr. of filver, a¢
§s perozd | e |
0% P, gT. A e '

Now 327 : 17 : 21 at 11 per oz. amount to 327 : 17 : 10

. |
Therefore for 55, take L of it = 81:19: 55+ §

£
it
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; C. gu. Ib.
596, What coft 218 : 3: 24 at 5/, 155 93 d. per C.

1090
Eecicierlia { 218
: 218 ;
L of 218 109 d. far,
% of 109 27 Y g 5 0
z of 275 3d. 43 S
zC. 57: 9% 3%
The Quotients £ 28 = ag T 7%
arifing for by < 14 /. 14 & &2 Y3 s
Art. 592, — | 7 b, P M PR e B
L 3 lb. R 0 e
20} 25%212 ;. 3.2 2 . -k
5 Ll
Anfw. 1266 : 2 : 3% +

The Example laft-mentioned being (of thofe queftions which
ordinarily happen in trade) one of the hardeft to be refolved
by the Rule of Praflice; therefore in order to explain the
aforegoing operation, you may obferve, that the price of 218 C.
3 qu. is found after the manner of former Examples; then for
14 lb. part of the 24 /b. in the queftion, take I of the price
4 C. Likewife for 7 /b. take half the price of 14/k. and fo
there yet remains 3 /6. whofe price is found by taking 2 of the
price of 7 /b, viz. the price of 7 /5. being very near 7 5. 21 4.
or 867 4. Multiply 86% by 3, and divide the Quotient by 7,
fo there arifes 37 4. or 3s. 14. very near. Laftly, all being
added together, the fum is found to be very near 25322 5. 31 4.

or 1266/, 25. 3% 4.

~ Note, That a quarter of a farthing (or % of a penny) is the
{malleft money exprefled in the Example ; and wherc any thing
arifes lefs than a quarter of a farthing, it is omitted ; but it is
fuppofed to follow this note 4-, for which furplufages fome re-
{1pect ought to be had in adding all together : Now although in
refolving queftions after this practical manner there will be
fome error, yet the lofs for the moft part will be lefs than a far-
thing, which is inconfiderable.

597. Altho’ queftions of the laft-mentioned kind cannot be
performed by the method in Art. 593. becaufe the divifion
~of a quarter of an hundred weight into 28 ‘pounds, has nothing
fimilar to it in the fubdivifions of a pound Sterling ; yet if the
Decimal, equivalent to the given parts of an C., wf. (taken fm}in
; 8% he

L]
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the Tablet explained in Art. 350. wiz. 475 for the 3 quarters
and ,2142857 for the 24 /b. making together ,g642857) be an-
nexed to 218 the number of hundred weights, the number
(218,9642857) fo arifing will exprefs, in pounds Sterling and
decimal parts of a pound Sterling, the value of 218C. 3 g».

24 Ib. at 1 4, Sterling, per C. wt. and the operation may be as
follows :

The given Quantity.
At 11 per hundred weight amounts to 218,9642857
For g5l take §x218,9642857 = 1094,8214285
Yor 14s. take ;% thereof =7 x 21,8964286 = 153,2750002
For 1s.take % thereof =%of 21,8964286 = 10,9482143
For Gd. take Yfof 10,0482143 =  §,474107L
For 1% 4. take *of 5,474I071 =  1,3685208
For Ld. take Lof 1,3685268 =  0,2280878

Then will their fum be the anfwer — 1266,1153647

Which (when the decimal part is reduced to fhillings and
pence) is 1266 4. 2 5. 33 4. nearly,

598. When the price of 1 /b, weight is known, and the price
or value of 1 C. (to wit 112 /b.) is required, the anfwer may
fometimes be given more fpeedily, than by any of the former
Rules, by this Rule which follows, wiz. find the number of
farthings contained in the given price of 1/b. weight, then
take twice that number of fhillings, and once that number of
groats, and having added them together, the fum will give
the value of 1 C. to wit, 112 /6. weight: So if it be demanded
what 1 C. or 112 /5. weight of cheefe will coft at the rate
of 3% pence the pound weight, the anfwer will be 1/, 104
4 d.

For according to the faid Rule, the number of farthings con-
tained in 3% 4. (the price of 1 pound weight) /4 5. 4.
is 13, theretore the double of 13 fhillingsis — 1 : 6: 0
13 groats make =~ — —_ — 0: 4'!4

‘Therefore the fum (which is the price of : :

1 C.or 112 [b. weight) is } b

The reafon of this Rule is as follows, if 1/, weight coft
13 farthings, then 112 /6. muft neceflarily coft 112 times 13
faithings, or (which is the fame) 13 times 112 farthings; but
¢3 times 112 farthings, are cqual to twice thirteen fhillings
together with once thirteen groats 3 becaufe 112 farthings are
compofed of twice 48 farthings (or two fhillings) and of 16 far=

things (or one great;) whercfore the truth of the faid Rule is |
evident,

Another |
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Another Example, When fugar is at 5} 4. the pound weight,
what is the value of 1 C, (or 112 /. weight?) Anfwer 2 l, 115,
4d. For in gL d. are contained 22 farthings, L s d.
therefore the double of 22 fhillingsis — — 2:

4:0
22 groats mak¢ — — — — — — O:@ 7:4

Which added together, give the price of 1C, ; )
112 /b, to wit } I

9. Here follow the quantities of particular Goods in
Wholefale- trade, found in the Book of rates, with concife and
ready ways of cafting up the fame, deduced from the fame
principle with that in Art, 598.

600. Goods fold by fix(core to the hund red, are Lamb-fkins,
Barlings, Balks great, middle, and fmall ; Clap-boards, Pipe-
boards, Bow ftaves, Cap-ravens, Deal-boards, Spars of all forts,
Cod, Cole, Ling, and all forts of Stock-fith ; with many forts
of linen, viz. Hamburgh, Silefia, Irifh, Mufcovia, Weftpha-
lia, Hanover, &,

If the price of one of any of thofe forts of goods be given to
find the price of an hundred.

Rule. Divide the number of farthings contained in the price
of one by 8, and the Quotient will be the price of 120 in
pounds. Note, Reckon half a crown for every one that re-
mains, after Divifion.

Example, What coft 120 ells of Canvas at 53 d. per Ell?

st d. is 22 farthings, and %* = 2 §; therefore 120 will coft
2 /. and 6 half-crowns, or 2/, 155,

601. Goods fold by the thoufand, are Pafte-boards for Books,
Tennis-balls, Lemons, Oranges, Teazels, Flanders-paving and
pan-tiles, Lantern-horns, Barrel-hoops, and Boards ; Quills,
Lamperns, Squirrel-fkins, Ox-bones, Yards of Lift, &e.

If the price of one of any of thofe forts of goods be given to
find the price of a thoufand,

Rule. To as many pounds as there are farthings in the price
of 1, add the fame number of ten-pences, fo fhall the fum be
the price of a thoufand,

Example. What coft a thoufand of Tiles at 34, each ?

3 d. is 12 farthings: Then to 12 /.
Add 12 ten-pences = 10 twelve-pences = o/, 105
T herefore a thoufand will coft . 12/, 105,

602. Goods fold by the great Grofs, containing 12 fmall
Grofs, or 144 dozen, wiz.

Buttons of Metal, Glafs, Thread, Silk or Hair; Beads of
Bone, Box, Glafs or Wood; Cap-hopks, Chels-men; To-

S 3 bacco-
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bacco-pipes, Combs of Light or Box-wood, Thread or Silk-
points, Playing-cards, &e.

If the price of 1 dozen of any of thefe forts of goods be " gi-
ven to find the price of a great grofs.

Rude, Multiply the farthings contained in the price of 1 do-
zen by 3, and the product will be the price of a great grofs in
{hillings.

Emmp!e. What coft a great grufs of Buttons, at 8% d. per
dozen?

8L d. is 34 farthings; and 34 X 3= 1025. =5/ 271
Therefore a great grofs wn]f COlLA, Jp ik gy,

603. Goods fold by the fmall grofs of 12 dozen, viz. To-
bacco and Pepper-boxes, Neft and Tinder-boxes, Buckles of
fome forts, Wafh-balls, Inkhorns, Bodkins ; fevcral furts of
Knives, Comb-cafes, 5.

Goods of this quantity may be caft up by the laft preceding

Rule, feeing there are as many particulars in a fmall grofs, as
dozens in a great one,

604, Goods fold by the fivefcore to the hundred, are An-
notto, Capers, Safflowers, Thrums, Ginger, Cinvcs, Indico,
Crofs-bow-thread, Pack-thread, Kids or Goats-hair, Quick-
filver, Cotmn-wanl, Englifh Hard~wax, Brafs and Latten-
work, as Chafing-difhes, Andirons, Laver-cocks, &e.

If the price of 1 of any of thefe forts of goods be given, to
find the pru:e of an hundred.

Rule. To twice as many fhillings as there are farthmgs in

the price of cne, add once as many pence, fo fhall the fum be
the price of an hundred.

ball ?
2% 4. is 10 farthings; then to 10 X 2 = 20+
add v 10 X .I = - Of. 16d

And an hundred will coft 204. 10d.
€o5. Queflions to exercife the Rules of Practice,
e e
w5 C. 249, 19lb. at 4% d. per lb. Anfwer 158:18: 1%
71081 /0. at 35 5. 64. per C. Anfwer 1126 : 10: I
67108 ¢z. at 16% 4. per 1. Anfwer 283:19: 8%
71lb, 100z, 15p.w, at 55, d, perez. Anfwer 248 : 0: 9%
319 yards, at 55, 6d, per ell, Anfwer 70: g s 7% 8
4107 yards, at 45. 10+ d. Anfwer ror:i¥: 1§
47 quar, at 4 s. gd. per bufh, Anfwer 8g: 6:0
7Y5: yards at 45, 10§ d. Anfwer 173: 4: 5%
‘ 3 59 @

Example. What coft 100 balls of Pack-thread at 2% 4d. per

ey




Chap. XXXVII. Of Tare and Tret. 263

TN
5q 0z, 11 . 18gr. at 5 5. 74. per oz, Anfwer 16:12: 3
503 fb. of filk at 20d. per oz, Anfwer 67:13: 4
66 grofs at 3. 9 d. ger dozen. . Anfwer 148:10: O
56 load of hay at 18d. per trufs, An{wer 151: 4:0©

————————————————
C H AP. XXXVIL
Of TARE and TRET, &3¢,

600, HESE allowances are called beyond fea, The cour-
: tefies of London, becaufe not practifed in any other
place ; concerning which obferve, That,

607. Grofs is the weight of the commodity, and that which
contains it without any deduétion. And Tare is an allowance
“for that which contains the commodity, whether it be Bag,
Barrel, Sack, Frail, &% and is either,

1. At fo much per Bag, Barrel, Frail, &e.
2. At fo much per cent. or, |
3. By fo much of the grofs weight, called Invoice Tare.

608. When the Tare is fo much per bag, as Almonds; per
barrel, as Oil in candy barrels ; per frail, as Raifins, &'c.
~ Rule. Multiply the number of the faid bags, barrels, frails,
hogtheads, &¢c. by the allowance of Tare, which produét {ub-
¢ract from the grofs, and (when no Tret is mentioned) the re-
- mainder is neat, ;

Example. What is the neat weight of 38 hogfheads of To-
bacco, weighing grofs 102 = 2.: 17, Tare per hogthead 70 /.

Gy gui = Ib, - 33
(o) RIS L) e
112 : 2660

P 1

1297

11497 Grofs
- 2660 Tare

s 8837 Neat
S 4 609,
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609. When the Tare is at fo much per cent. and that,
An Aliquot part, or parts of the hundred weight ;

As Figs, Almonds, Argol, &, 14
Caroteels, and butts of Currants, &¢. 16} per Cent,
Qil in uncertain cafks, &, 18

Rule. Divide the whole grofs by the faid part or parts that
the Tare is of an hundred, gives the Tare of the whole ; for
fuch a part of the grofs muft be the Tare of the whole, as the
given Tare is of an hundred.,

Example. What is the neat weight of 15 barrels of Argol,
grofs C. 51:2:18. Tare 14 per cent. which being the 8th
of an hundred, take the 8th of the grofs for Tare,

Co g il
$)5r 250018 Grofs
61,033 3 4 Tare

—_—

'45:G:22:12Neat.

Example 2. How many neat hundreds in 18 quarter rolls of
Currants, each grofs 8.: 3: 10, Tare 21 /. per cent.

o g <k
8 : 3% 10 each
3
26 5 ihs: an
6
b, -
14 §) 159 : © : 12 oz, grofs
2
AR E G RO
g -3 :21:12
—29 : 3: 09.1 04 Tare

12 . I : D2 : 12 neat;

610. But if the Tare is not readily found to be an Aliquot
part or parts of 2 hundred. :

Rule, Multiply the pounds grofs by the allowance of Tare,
diuic}ing the. product by 112, the quotient is the Tare of the
whole,

Example. What is the neat produce of 12 barrels of pot-
afbes, cach grofs 203 /b, Tare 10/, per cent.

4 203
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203
120 = 12 X 10

112)21363 (217 2436  grofs

196 217 : 3 Tare
840 -
56 2218 : 1 neat,

611, If the allowance for Tare is not by the hundred, bue
according to the grofs weight, as Sumach in bags, bales or fan-
gots of Aleppo, Cyprus, and Smyrna filk, &e. fuch Tare is call-
ed' Invoice Tare; of which the Book of Rates, in the Table
of Allowances for Tare, fays, viz.

Cyprus and Smyrna filk. »

about or above 300 /4. 16
Ba]r.s{ from 300 to 200 } allowed {14}
from 200 downwards J for Tare, L12

Tobacco from Virginia,

&,

5 C, and upwards : 100

from 4 to 5, allowed e
Hﬂg{lmzds{ from 3 to 4, }fo: Tare.{ gﬂ}

under 3 hundred 70

Example. What is the neat weight of four hogfheads of Zir-
. ginia tobacco, weighing grofs and number’d ? iz,

Ne C. ¢g. b, b,
oo R S B 1o 70
g §:0: 15 (yTare found ) 100
4 3:2:11{ asabove, 8o
19 432319 90
16:0:08 grofs 112) 340(3
3:0:04 Tare 4
FEE——

13: 0 : 04 neat, and fo of Silk, .

-

Alfo
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Alfo Sugar from India.

I catks and canifters, X
In chefts, and cafks, !Sf. Thom. }Tare{ ;

612. Tret is an allowance of 4 /6. per 104, on fome fort of
goods, (te the buyer by the merchant) for the Duft and Wafte
in them ; which when allowed, after you have fubtratted the
"Tare from the grofs, “the remainder is fubtil, or futtle.

Rule. This futtle take out, and divide by 26, becaufe the
z2llowance of 4 %. per 104, is ;%; part, and the quote is the T'ret,
which T'ret fubtrat from the futtle, and the neat remains.

Example. How many pound neat in 12 C. 3¢. 12/, grofs, -
Tare 20b. per cent. Tret 41b. per 1042

26) 1415 (54 il {10 2
115- 12:3 12
e 112 ’
§ 13 —— :
AR . 8) 1440 grofs
=) 180
25 + Tare
) ‘1415 futtle A
’ 4 Tret i
1301 neat,

Otherwife, to find and dedﬁ& Tret.

Rule, Add 2 cyphers to the futtle pounds, which number di-
vide by 104, and the quote is the neat pounds.

Example. What is the neat weight of 4 Bar. of Spanifp To- |
bacco? containing, viz.

N2
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Ne C. ¢ b
4 04
: 25 }Tar& 14 per cent.

: 05 (Tret 4 per 104 15,
: 26

o I T T
B ew O

7
9
3

i

112

: 04

L

8) 424 grofs
53 Tare

TR e, o

104) 37100 (350 + neat.

613. Cloff, is another allowance of 2 /5. weight, to citizens
| of London, on every draught above three hundred weight, on
{ fome goods, as Galls, Madder, Sumach, Argol, &,
|  614. Neat, is the pure weight of the commodity, when all
: given allowances are deduéted.

615. As for other allowances not fo common, as Break,

d Damage, &¢. the firft being generally at fo much per Cafk,

& Bale, %ag, €9'c. the other fo much in the whole, can have no
difficulty.

Example. What is the neat weight of 7 hogfheads grofs,
28 C. 1 ¢. I?ff»‘. Tare 16 per cent, BreaZ: 8 per hﬂgﬁwad,
Damage 8% !

Lag b
7) 28 T g grofs

4:0:06: 11 Tare

e

2412125 .58
—:2:00; o Break

s 12 g
3:14: 8 Damage

22 3:25 : 13 neat.

616,
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616. In Oil the Tare is of two forts,

(1.) On Candy barrels e——= = at 29 /5. per barrel.

(2.) On uncertain cafks — — at 18 /. per cent.

The neat pounds of which are found by the foregoing Rules.
But to reduce thofe pounds into gallons ;

Rule. Multiply thofe pounds neat by 2, the produét of which
divide by 3, and that quote by 5, gives neat gallons, 7 &. %
making a gallon,

Example. Oil, grofs 127 C. 3¢. 7 Ibs Tare 18 B. per cent,
How many neat gallons ?

C; g i&-

5392327
112

1615

%} 14315 grofs
) 2045
258

e s s

2300 Tare

e S et .

" 12015 neat pounds
2

3) 24030

5) 8oro

1602 gallons, S e g

CHAP,



( 269 )
C H A P, XXXVIIL

Concerning Excuances ¢f Coins, WEIGHTS,
and ME ASURES.

617. HE rate or proportion between Coins, Weights, &,

of different kinds being known, either from fome
good author, or rather by experience ; it will not be difficult,
to fuch as underftand the before-going Rules, to know how to
exchange a given quantity of one kind, for a quantity of the
fame value in another kind : But fince in fome cafes the com-
mon manner of working may be much contrated, it will be

convenient to fhew the moft compenndious ways to perform
this bufinefs,

618. In exchanging of things of different kinds, (whether
they be Coins or Weights, &¢. } when two things of different
kinds are compared together, the queftion may be refolved by
one fingle Rule of Three, as will be evident by the fubfequent
Examples, viz.

Queft. 1. How many Riders at 27 5. 21 4. Sterling the piece,
ought to be received for 251/, 6 5. 43 d. of Sterling money ?
Anfwer 237 Riders. For the firft and third terms in the Rule
of Three, which arife from this queftion, being converted inte
half-pence, the proporgion wil be this:

260 ¢ ¥ 120033 ¢ 23,

Quefl, 2. ¥ 100 ells of Antwerp make 75 yards of Londm,
- how many yards of London meafure will 27 ells of Autwerp

make ? Anfwer 201 yards,

100 : 725 i 29 :'20%.

619. In Lond:n, and throughout England, accounts are kept
in pounds, fhillings, and pence Sterling, and are caft up as
Flemifb and French money are, by 12 and 20, and the Ex-
change made with all places by pence, 7. e. giving fo many
pence Sterling for the pieces on which the Exchange is made,
except

1. Portugal, and with it in fhillings and pence, on their
Milrea.

2. Antwerp, Hamburgh, &c. Countries bordering upon
Flanders and Holland, and with them by the pound of
20 s. Sterling.

3. Ireland, and the American plantations. by the hundred
pound,

6a0.
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620. In ltaly,
Genoa, Leghorn, Venice, &c.
Genoa and Leghorn exchange with Londom by the dollar, or
piece of eight ; Fenice by the ducat. :
Genea and Leghorn keep their accounts in livres, fols, and
deniers ; § livres is a piece of eight at Genga, and 6 at Leghora.

621. In Spain,
Madrid, Cadiz, Bilboa, &c,
Exchange alfo by the piece of eight,

622. In Portugal,

Lifban and, Operte; Sic,
Exchange on the Milrea,

623. In France,

‘Paris, Lymns, and Rouen,
Exchange by the Crown. :
But keep their accounts in Livres, Sols, and Deniers,

12 Deniers 1 Sol.
12 Sols }makc{ 1 Livre.
3 Livres 1 Crown.

624. In the Netherlands,

Antwerp, Bruffels, Amflerdam, Rotterdam, Hamburgh, &ec,

Exchange with Lindom by thillings and pence Flemifh. Ac-
counts are in thefe places kept in Flemifh pounds, fhillings and
pence ; by fome in guilders, flivers, and pennicks, The A
mifb pounds, fhillings, and pence, are divided as our money,
viz. one pound into 20 s. and one thilling into 124, But,

16 Pennicks, [ Stiver.

6 Stivers, Flemyfb Shilling.
20 Stivers, Guilder,

6 Guilders, % one 3 Flemifh Pound,
30 Stivers, ' Common Dollar,
50 Stivers, Specie Dollar,
63 Stivers, | . Ducatoon.

625. lialian, Spanifb, and French Exchange.

€afe 1. The quantity of Sterling money being given,

Rule. "Take the aliquot parts for the pence of the Exchange
out of a pound, dividing the given crowns by thofe parts, the
total of which is the anfwer, as in Ars. 586. ' b

Lixample. How much Sterling muft I pay here to receive in
France 479 crowns, Exchange at 52 4. Sterling per crown ?

45
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5. = 47Q Crowns.

4
4 5 95:16
xr 7:19:8

103:15:8

Example (2.) How much Sterling for 7439 French crowns,
Exchange, at 55 pence § per crown ?

s d. 2439
2aRb L 929 : 17 : 06
(g o 619 : 18 : 04

5% I54:19:07

i 3 19:107:05: ¢

Anfwer 1724 :02:10:}

Cafe 2. The quantity of Foreign money being given,
_ Rule. Ufe the univerfal Rule of Proportion, Art. 407. as in
Example 22, annexed thereto, ;

. Example. How many French Crowns muft I give for rog L.
15s5. 8d. Sterling: Exchange at 524. Sterling per French

Crown?
Fr.Cr. A 5
e : 52
Conditional terms I —
240
: 6
Correfponding A %7. Bor 1038 1es. B4 ==

| 6227 groats,
ThereforeA—" 3622? L0 = §22) 4 :622?:4?9-:1*01.?:15.
6o x 52 52 )

626. Of Flemifh and German Exchange.

6275. Firft, To reduce Sterling into Flemifb pounds.

Rule. Take the aliquot parts for what the rate of the Ex-
change is above a pound, dividing the given Sterling by the
faid parts, the total of which, with the given Sterling, is the
. Flemyh money, asin Art. 587. f :

Example 1. One in Antwerp delivering money by Exchange
for London at 35s. 6d. Flemifb per pound Sterling ; how much
muft he pay there to receive here 597 / Sterling ?

- 10 4.
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10, © 59
5§ 3 205:10
6 y5 14905
14:18:6
1059 : 13: 6

Anfwer /. 1059 : 13: 6 Flemifb.

- Example 2. A Merchant at Rotterdam has a bill drawn om
him for the value of 673/ 165, 84d. Sterling, Exchange at
33 5. 4d. Flemifb per pound Sterling ; how much muft he pay
there ?

YOSk "Oug 308

3 4% nip:af;
112 :06 :

- o

£

J12giol: 1
Anfwer /. i123:01::%

=g

Flemifp,

628. Secondly, To reduce Sterling into Guilders,

Rule. Reduce the Sterling to Flemifh, by the forggoing Rule,
which Flemifh money multiply by 6.

Example. If 3971 155, Sterling, Exchange at 345 84,
Flemifh per pound Sterling, were remitted to Amflerdam 3 how
many guilders, ftivers, &c. may be received at the faid rate of

Exchange?

105. 7 397°1I5
43 198 : 17 00
8 % 99:11:00
13:05: 02
689 : 08 : o8
< 6
Guil. Stiv. -

Anfwer 4136 : 12 4136 : 12 : 00

629. Thirdly, To reduce Flemi/h pounds into Sterling, ule
the univerfal Rule of Proportion, as in Cafe 2. Art. 625.
Example. A Merchant at Bruffels delivers 5791 103, Fle-
mifb, Exchange at 35 5, 6 d. per /. Sterling; how much Stec-
ling muft be received ?
5795
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L 105, =159 and , 6d. =17},
579 5 and 25 7

Sterl, Flem,

Conditional terms | A
40
Correfponding A E:—q'
Therefore A=LX 1159 X 40 _ 1159 xm:;zﬁ I.gs 63d.
2X71t 73

630. But thofe who are ready in the ufe of Decimal Fraéti-
#ns, may proceed as follows :

579L ¥0$.=579,55 and 35+ 64.=1,775

Then A = 3195 326,4789. See the operation,
1,775

1,775) 57955000 (326,4789
~ "% 529k
v 4700
3550

11500
10650

.+ 8500
7100

1400
1243

e —

. 1857
142

15

T 631;



274 Exchange. Chap. XXXVIIL

631. Pourthly, To reduce Guilders, Stivers, and Pennicks
into Sterling. :

Rule. Divide the Guilders, &'¢. by 6, which reduces them to
Flemifh pounds, and proceed as in Art. 629, and 030.

622. Of gain or lofs by Exchange. |

I\;‘-:r;‘e, That when Exchange is made with ltaly, France,
Spain, &c. with which as aforefaid, , London exchanges for fo
many pence for their pieces, the gain thereby is fo much the
more, by how much the courfe of Exchange runs low; be-
caufe it is evident, that I can receive more ducats for 500/,
when the Exchange is at 53 4. than at 56 per picce.

But when I remit for Flanders or Fhlland, - with which
London exchanges on the pound Sterling, the higher the Ex-
change is above Par, the more we have the advantage of gain ;
for according to reafon, I may receive more Flemifb money for
1000 /. Sterling, when the Exchange is at 36 5. 84. than at

355 44
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at the moft ufual Rates of Exchange.

‘The Value of | The Value of
Rate of | pounds Ster- pounds Flemifh
Exchan, | ling in pounds| inpoundsSter-
Flemifb, ling,
G
o et | N TR b2s. ...
1j1 .60416 6233766
2|1 .60o8z 6217616
3E ..bras 6201550
4|1 .61g8 6185567
51 .62087 6169065
61 ".625 ., 6153846
71t .62q18 6138107
811 .63 6122449
9lx ".637s 6106870
Iol1 6418 .bog1370
s. IT|1 64583 16075949
3m=—t1 65...,., 6060606
1j1r .bs5418 6045343
2|1 .2333 ¢203015a
311 .0bb02g 00150
4lr .6 653?
5|1 .67083 5985037
6lir 675 . 5970149
70t 67914 15955335
81 .68z -5G40504
9|1 .6875 *5925925
TIol1 .6g1d 5911330
I1j1 .6gs8z 5896806
Yl 7....,. 5882352
111 70418 .5867970
21 .708z7 . +5853658 .
3|1 .j12§ -5820416
411 16 5925242
4 ol

633. Decimal TABL E S for Flemith Exchanges,

Rate
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|The Value of { The Value of

Rate of | pounds Ster- { Guildess in
Exchan.| ling in Guild- | poundsSter-

ers, ling.
¥ e

32—i19 6., .... 10416666
1| g .625 .1038g610

PP 05, o 10362694

31 9 -675 10335910

A Baeediiiiia 10309278

St o s 10282775

6f g .75 « « «+ -]  .10250410

719 775 .10230178

I o R B e 10204081

ol 9 .825 10178116

1ol g .85 . 5 . .10152283

11} 9 .875 10126581

33 ——10.9.0.... 10101010
11 9 .925 .10075567

21D 95 o 25 .10050250

‘2] bg7s .| .10025001

r. 0.0 . . P ol e e o

5| 10.025 09975001

6] 10.05 .09950248

7] 10.67% . .09925558

8| 10.1 ., ‘ 0990090

gl 10.125 .« + . 09876541

10| 10.1§ . .00852216

11| 50.17§ .09828011
Qheee] 0.2 . 4 o s & 09803921
1 '10.215 - W -ﬂg??ggSl

2| 10.25 | -09756097

3l 10.275% 09732360

LR Lo RO S 09708736

| Rate |
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_ The Value of|The Value of
Rate of | pounds Ster- | pounds Fle-
Exchan, | ling in pounds{ i/ in pounds

Flemifh, sterling.
R
4 5|1 .72087 5811138
O1T 725 . v . .| © 8997161
2 I .72916 5783132
I .73 5769230
91 <7375 « » - *5755395
101 .7418 5741628
11{1 .7458z 5727923
35——]1 .75 ... 5714285
{1 75418 5700712
2[1 .7587 .568720
311 .7625 . 567375
4|1 .78 fsﬁﬁﬂs?g
511 «77083 .56 04795
611 .775 . -5633802
ik 7791 5620609
1 .78z 5607470
9|1 -7875 . . 5594405
1011 7918 55513095
tr{t 79583 5568445
36——11 .8 . + | +5555555
11 304Iﬁ 15542725
211 .8083 -5529954
g3ir Br25 ... | .5517241
4{t 814 15504587
5{1 .8208y .5491990
ﬁ1=-325 s 5479452
gii 8291§ 5400979
1 8z 5454545
9lt 375 -5442176
101 .8416 .5420864
111 .84587 .5417607
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Ibuﬁ of
Exchan.

The Value of
pounds Sterling
in Guilders.

The Value of
Guilders 1n
poundsSterling,

-

I.

34

L TN
n

L
=i

d.
5
6
§
9
o

1
II

™1 baf e
Gﬂmu:rxm-hmmuruﬂuﬂmﬂmm-thHH

E o]
—

09685231
09661835
109038553
09615383
.0g592325
109569368
.09540538
.09523808
.cg501186
09478681
109456263
109433961
.00411763
09389671
.09367681
+C9345793
.09324008
09302325
09280741
09259259
.09237875
.09216590
09195402
09174311
.09153316
.0QI32420
.09I11616
.0g090gog
.0g070293
09049773
06029345

Rate
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The Value of| The Value of
Rate of | pounds Sterl. in | pounds Flem. in
Exchan, | pounds Flemifb. | poundsSterling,
By a8
37—|1 85.. ... .5405405
1|1 .85418 5393258
2|1 .8582 .5381166
3{r 8625 . ..l .536g127
4(1 .88 5357143
5|1 87083 5345211
6lr .875 - . ..1 .5333333
7t 87918 ° .5321508
8|1 .88 +5300734
glr .8875 . . . .5298013
1ol1r 8918 = .52863432
1111 89583 :5274725
3B——|I Q... . .. .5263157
11 .90418 5251641
2|1 .9o8y |  .5240174
3|1 .9125 . .. .5228758
411 .918 +5217 391

T4 Rate
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The Value of | The Value of
Rate of | pounds Sterling | Guilders in
Exchan, {in Guilders. | poundsSterling,
T
el ILI.... .0g00Qgo0
= i e 127 L .03982?62
21 Ca1.38 . .. 08968610
3] 1ra7st.. | 08948545
] s 4 L T .08928571
g 3 s s .08908685
: 3 R 08888888
ZF FEadE ., .0886g180
5130 .o 08849556
G- ¥ra32s L, 08830021
0} 971.3¢ ... 08810571
111 - T1.3%5 . . 08791208
38| 11.4.... 08771928
e, . 08752735
-y Tl s (1| 08733624
31 11.475.. 08714596
R G g | 08695651

The ExpricaTION,

634. The firt Column fhews the Rate of the Exchange
from 32s.to 385 44. and is extended no farther ; for a re~
gulation being made of the coin, it is not probable it will rife
higher, or fall lower than thofe limitations,

635. The fecond Column on the left-hand, thews the value
of pounds Sterling, exprefled in pounds Flemifb, whereby at the
firlt view, you dilcern what is the amount of 1, 10, 100, 1000,
e to ten millions of Sterling, in pounds Flemifh, at any of
the inferted rates of Exchange: For example, if the Exchange
is at 355 24. one pound Sterling, being equivalent to one

pound fifteen thillings and two pénce at one view 3 therefore it
appears that

F {elele]

/. e s
10/, Sterling makes 17 :11:8
100 175 : 16 : 8 }F&m.

1758: 6:88&.,

» All
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All which Flemifb monies are found in the line againft the
faid given rate of Exchange: But if the Sterling money, for
which the value in pounds Flemi/b is required, confifts of odd
pounds, or hath fhillings, &'c. annexed; then multiply the
Flemifh money, at the given Exchange, by the fum in Sterling,
and the produ& anfwers the queftion, Thus 6%/ 1065, Ster-
ling, multiplied by 1,758z the Flemifb money at 35 : 2 makes
118 . 13s. gd. Flemi(h.

636. The third Column on the left-hand page thews the
value or amount of pounds Flemifh in Sterling, after the fame
manner as the fecond fhews the value or amount of pounds
Sterling in Flemifh money :

For inftance,

At the aforefaid Exchange of 35s. 2d. I fee that one pound
Flemi/b being equivalent to .5687209, or L 115, 41d. ySter-
Therefore 10 Flem. makes 5.687209, of 5:13:9: }ling

100/, 56.87209,0r36 ¢t 17 : 6 : ( very
and 1000 §68.7200, or 568 : 14: 5 : ) near,

But if your Flemifb money, the value of which is required in
Sterling, confifts of odd pounds, or hath fhillings, &'c. an=
nexed, multiply the fame by the Sterling, as before direéted,
and the product of fuch multiplication anfwers the ‘queftion ;
fo if it be required to find how much Sterling for 137/ 103,
Flemifh, Exchange being at 355. 24. then 137,5 %,56872¢9
=~8,19912, or 78/. 4s. Sterling nearly. :

637. The fifth Column, or the fecond on the left-hand
page, thews the value or amount of pounds Sterling in Guilders,
or what number of Guilders I ought to receive, or pay, for
any fum of Sterling, at any of the inferted rates of Ex-
¢hange:

For Example,

At the aforefaid Exchange of 355 24. it appears that 10
Guilders, 11 Stivers, are equivalent to one pound Sterling ;
as likewife that

Guild. Stiv, L

10§ : fo - arete ' 19

1055 to 1¢0 §Stﬂ'ling,
10550 to 1000

If the Sterling-money is in odd pounds, or hath fhillings,
&fc. annexed, you are to multiply the Guilders correfponding to
the rate of Exchange by your Sterling fum, as above direéted ;
fo 132/, 105, Sterling, ‘Exchange at 39s5. 24, will be found
to make 1397 Guilders, 17 Stivers, 8 Pennicks,

638.
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638, The laft Column fhews the value of Guilders in
pounds Sterling, or how much Sterling I ought to receive, or
pay, for any number of Guilders, at any of the fpecify’d rates
of Exchange. '

So at the aforefaid rate of Exchange, wiz. 355 24, one
Guilder being worth .09478681, or 1s. 1034, Sterling,

T herefore,
| boaitannl d.
10 make .9478681, or 18 : 11 : 19 Sterling
100 9.4&863:, or 9 2002 6 %}vtry
1000  §4.78681, or 94:15: 8:2%)near

If your Guilders be in odd numbers, or have Stivers annexed,
multiply them alfo by the value in Sterling correfponding to
the rate of Exchange, and the produ& wiﬁ anfwer your de-
mand.

Guild, Stiv. Penn, .

So 1397 : 17 : 8, Exchange at 355 24. being multi-
plied by .09478681, amounts to 132/. 10s. Sterling, as above-
faid. '

_ Note, The reafon of the Tables being calculated fo high, is,
that you may be more exaét in long fums, tho’ you’ll feldom
have occafion to make ufe of more than five or fix figures:
And the dots placed to the right-hand are inferted for the
more ealy and fafe obfervation of large even fums. But if
the cafting up of odd fums thould be thought as troublefome
to be effected by thefe Tables, as by the common method of
doing them, (tho’ in all cafes performed by one fingle Multi-
plication) yet even fums moft commonly happening in draw-.
ing and remitting by Exchange, the ufefulnefs of thefe Tables
will be fufficiently manifeft.

639. Many queftions propofed in Redution, by perfons in
the common method of teaching, belong to this place: Some
of the moft ufeful follow, and by attending to the manner of
folution of them, the reader may form Rules for other cafes.

640. To reduce guineas into pounds. :
Kule. To the given number of guineas, add 2. thereof.
Example. How many pounds in 927 guineas?

25 0f 927 == 46 : 75,

D e —

Aufwer  g73l 7.
641.
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641. To reduce pounds into guineas.
Rule. From the given pounds fubtra&t ;' thereof.
Example. How many guineasin 973/. 75.

Lof 973l 75.=139 : 1

Subtra&t £ of 139 /. 15.= 46 : 7= of 973l 7+,
—————— by Art. 113,
Anfwer g27/ os.

642. To reduce moidores at 1. 7 s. into pounds,
Rule. To the given number of moidores add %+ and %
thereof. :
Example, How many pounds in g27 moidores !
L g e ) e
s=0fg27 = g2.: 14

Anfwer 1251/ g¢,

642. To reduce moidores into guineas.
Rule. ‘To the given number of moidores add 3 thereof.
Example. How many guineas in 924 moidores ?

' tof g24 = 132

Anfwer 1188 guineas,

644. To reduce guineas into moidores.
From the given number of guineas take % thereof,
Example. How many moidores in 1188 guineas?

% of 1188 = 132
33?..

2 of ditto = 264

Anfwer 924 moidores,

645. To reduce Portugal pieces of I L. 16 5. each to pounds,
From twice the given number of pieces take 5 thereof.
Example. How many pounds in 925 picces, each 1/, 16 5.

2 x 925=1850
1 of 1850=155

i —

Anfwer 1065/,
. 646,
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646. To reduce Portugal pieces of 11, 165. to guineas.
From twice the given number of pieces take % thereof.,
Lxample, How many guineas in g24 pieces, at 1/, 165,

2X 924 = 1848
7 0f1848 = 264

Anlwer 1584

647. When more than two different Coins, Weights, Mea-
fures, &¢, are compared together, wiz. when one kind of Coin
iscompared with a fecond of another kind ; that fecond with
a third 5 the third with a fourth; the fourth with a fifth, &¢.
two different cafes are ordinarily raifed from fuch comparifon,
viz.

It may be required to know, 1. How many pieces of the
firft Coin are equal in value to a given number of pieces of the
aft Coin. Or,

2. How many pieces of the laft coin are equal in value to a
given number of picces of the firft kind of Coin.

An Example of the firft Cafe,

If 35 ells of Vienna make 24 ells of Lyons 5 3 ells of Lyons
5 ells of Antwerp; and 100 ells of Antwerp 125 ells at Frank-
Jort: how many ells of Vienna are equal to 50 ells at Frankfort?
Anfwer 35 ells of Vienna,

For the more eafy underftanding of the refolution of this
queftion, and others of like nature: Let g reprefent an ell at
Vienna, b anell at Lyons, ¢ an ell at Antwerp, and d an ell

at Frankfort; then may the given terms in the queftion be
flated in the following order,

35a.==. 24 b
Suppoﬁticmsg RO ==
100 c.=T25 d
The queftion s0d— 24

648. This order of placing the faid given numbers (or terms})
being obferved, it appears, that if 35 @ be accounted to ftand
in the firft place; 244 in the {econd; 34 in the third; 5cin
the fourth ; 1¢0 ¢ in the fifth, &%, then all the terms which
ftand in odd places, to wit, in the firft, third, fifth, and feventh
places, will neceflarily fall under the firft row or column on the
left-hand, and all the terms that ftand in even places, to wit,

in the ficond, fourth, and fixch places, will fall under the latter
column,

649.



Chap. XXXVIII: Exchange. 28¢

649. Thefe thing, premifed, all queftions which come under
Cafe 1. before-mentioned, may be refolved by this Rule, wiz.

Rule 1. Multiply all the given terms that ftand in odd places
(to wit, in the firft column) according to the Rule of continual
Multiplication, and referve the laft produé for a Dividend:
Again, multiply continually 2!l the terms which ftand in even
places: fo fhall the product be a Divifor, and the Quotient
arifing from the faid Dividend and Divifor will be the anfwer
of the queftion,

650. But inftead of performing the Multiplications and Di-
vifion, make ufe of the method in Art. 266. applying it to the
numbers, as they ftand on different fides of the marks of equa-
lity, in the fame manner as it is there applied to the Numera-
tor and Denominator of a Fraction. See the above example fo
managed.

7 85a= F4b §41
L ol B R
1 4188 ¢ ::&d g1
5 X8 ged= !a
Therefore 7x5 = 35 the Anfwer.

651. The realon of this Rule will be manifeft by folving
the queftion propounded by three fingle Rules of Three,
thus : '

X
R AR ENIR G %13#
II 5¢ 35%3, Jooo: DTIXIW
24 b [ 3 24X5

~35X3X100X50
24 X5 AL P 24X5X125
W hich number at laft found, to wit,
325X 3X100X50
125X5X24
with the before-mentioned order of placing the terms propofed
in the queftion, gives the very Rule before exprefled in words.

652. An Example of the latter of the two cafes before-
mentioned.

If 10/b. of Avoirdupoife-weight at London be equal to g 2.
of Amflerdam; 451b. at Amflerdam, to 49 lb. at Bruges; and
98/b. at Bruges, equal to 116 /. at Dantzick; how many /.
of Dantzick are equal to 112/, of Avoirdupoife-weight at
Londin 2 Anfwer 129.92 /b, of Dantzick, i

at
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That the operation may be the more clear, lét @ reprefent one
pound of Avoirdupoile-weight ; 4 one lb. of Amflerdam ; ¢ one
b, of Bruges; andd one lb. of Dantzick ; then let the queltion
be ftated after the order in the firlt cafe, viz.

102= 9
qupﬂﬁtluna{.q,gb: 49¢
98 c= 1164

The Queftion 2d 1124

653. Thele things premifed, all queftions which fall under
Cafe 2. before-mentioned, may be refulved by this Rule, wviz.

Rule 2, Multiply all the given terms which ftand in even
places (to wit in the latter column) by the Rule of continual
Multplication, 2nd referve the laft produ& for a Dividend:
Again, multiply continually the reft of the terms that ftand in
odd places (to wit in the firlt column) for a Divifor ; fu fhall
the Quotient arifing be the anfwer of the queftion., ;

654. If the method in 4re. 266. be applicd to the above
Example, it may ftand as below :

10a = gb

5 456 = d4ge
2 glc=116d
fd = 112a

TT6XT12  I16XI12
T herefore — :

10 X5 X2 100
the anf{wer.

= TIO X 1,12 2 130,00 ==

655. A little praétice will render the ufe of the letters and
marks of equality unneceffary, and will enable the reader to
write the refult down, with only a line between the figures
as in the following Example,

A merchent having occafion to remit 385/ Sterling to
Rome, may do the fame two ways, as follows, viz. He may re-
‘mit by the way of Paris, 56 fhillings Sterling being equal to
12 French crowns, and 55 French crowns being worth 52
~dollars at Genoa ; and 2 Gemsa doliars amounting to 3 Roman
crowns; or he may remit by the wav of Amflerdam, 20 fhil-
Jings Sterling, and 33 thillings Flemih ; 15 thillings Flemijb,
and 2 rixdollars at Frankfort ; 11 rixdollars at Frankfort, and
‘12 Venetion ducats; and 11 PVemetion ducats and 12 Roman
-erowns being equal: Now the queftion is, which way he can
remit to the beft advantage? Anfwer, by the way of Paris.

For
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For by the underwritten operation it appears that if he re-
mits by the way of Paris he will receive 2340 Roman crowns,

385/ =7700 fhillings.

¢ g8 | x4 6
x2 57| 57 13
I

3 i
? | #7098 538 X5g 10
And 6X13X3X10=2340. :
But if he remits by way of Am/lerdam, he will receive but
2016 Roman crowns.

Y /8 | 37 3
g I3 2
XY | x4
;6 o
| 7108 285 71 7

And 2X3X4X12X7=2016

656. Qneftions concerning Exchanges of Coins,

1. A bill of 200/ is remitted to Paris by a merchant in
London : W hat is the value in French crowns, at 4s. 64.
each? Anfwer 888 Crowns 43 — &. :

2. A merchant at London received 100/ Sterling, for the
value paid by his correfpondent, at the rate of 3s. 64,
Sterling per crown: How many crowns were paid at
Paris? Anfwer 571 erowns 1% = 1,

2. Admit a bill drawn in Lyons, and payable in London for
1510 crowns: How much Englifb money comes it to, the
exchange at §54. 1} Anfwer 346/ 165, 634d.

4. There are 2000 ducats, at 45. 44. each, remitted to
London, to be paid in pounds Sterling: What is the amount?
Anfwer 433/ 65. 84.

5. A bill of 220/ 165, 84. is drawn from London: What
is the value at Florence, in ducatoons, at 534. each?
Anfwer 1000 ducatoons.

6. If 2471 18s. 4d. Sterling be remitted to Frankfort :
What is the value in: Florinsy at 591d. Anfwer 10c0
Florins,

7. A faltor hds fold goods, at Cadiz, for 1468 pieces of
eight, at 45. 61d. per piece: How much Stetling is the
fum? Anfwer 333/ 75. 24d.

8. Being defirous to remit to my correfpondent at Lsndon,
the fum of 2000/ 125. 6d. Flemifh, to difpofe of accord-
ing to my order (Exchange at 345, 6d. Flemifh per pound

Sterling : )
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Sterling : ) How much money Sterling fhall I be creditor
for? Anfwer 1159/ 155 73.

CHA P XXXIX.

The Application of the Doitrine 'gvf Proportion to

Ruefirons relating to Lofs and Gain, Barter, Fac-
torthip, &e.

657. Ueftions relating to Lofs and Gain.

1. A parcel of goods being bought for 60/, and
fold for 75 /. what was the rate of gain per cent. Anfwer
25/, :

For 60 :75:: 100.: 128
2. Suppole I have goods to the value of 415/, 125, 64. that
come to a bad market, and know they impair by lying:
What will they come to, if I am obliged to fell them at
the lofs of 12 in the 100? Anfwer 365/ 155,
For 1001288 and 100 : 88 :: 415,625 : 365,75.
3. Bought 18 C. wt. of cheefe at 28 5. per. C. wt. which I

fell out again at 31d. per [, What is the profit in the
whole? Anfwer 4/ 4s.

8 x28
For ¥ t:3% 12 R .5 ir:—c}—-:i'ﬁ' 45
8 %112
Andr:.7 ::IBxuz:?m =2ql 8.
n F5T 280 9

4. Having fold 10 yards of cloth for 4/. 165. and thereby
gained at the rate of 10 per cent, What was the prime
coft of 1 yard? Anfwer 85, 834,

For 110 : 100 ::4,8: 4,26
And 10 : 4438 1 I:0,436.

5. Having fold 1 yard of cloth for 11s. 64. I gained, at
the rate of 15/, per cent. but, had I fold it for 125, what
would b-.} the rate of gain Pﬂ} cent. Anfwer 201

Stk 5 :
For : 115 : 100 :: 28 : 23 = prime coft of 1 yard,
o
And (§5=) L 12:: 100 : 120,

£,



L ]

Chap. XXXIX. Lofs and Gain. 289
6. A merchant has bought linen cloth at 11s. ger ell; which
proving worfe than he expeéted, he is willing to fell at
fuch a price, that he may lofe precifely after the rate of
13/ for every 20/, that he laid out; the queftion is to
know at what price he ought to fell the ell, that the pro-
portion in the faid lofs may be obferved? Aufw, 105 14,
per ell.
For 20— 13=18:
And 20 : 185 i 11:.104% Shillings,

7. If 100/, weight of any commodity coft 30s. at what
price muft 1/5. weight of that commodity be fold, to gain
after the rate of 1o/b. for every 100 laid out? Aniwer
324d, per Ib. weight.

For 108 : 110 :: 70 2 33
Andirga ih 33 a1 st (or e

8. A merchant fells a parcel of jewels, which coft him 250/,
ready money, for 559/. payable at the end of 6 months
the queftion is (his fecurity being fuppofed to be good)
what his gain was worth in ready money, upon rebate
of intereft at the rate of 6/ for 100/ for a year? Anfw.
300/, :

For  559—250=300
And 103: 100 :: 309 : 300.

g. Ecu[%ht 3 oxen for 24/, 10s. which Ifell apain for 2y,
per ltone; what oughe the three oxen to weigh together,
the hides and offal being the only clear again? Anfwer
245 {tone.

5. flome. 5. flone.
BaErael 3o si dqos: Se. |

10. Suppofe I buy 28 pieces of ftuff at 4/, per piece, and
fell ten of the pieces at 6/. and ecight at ¢/ at what rate
muft [ fell the reft, to gain 10 per cent. by the whole?
Anfw. 2/, 65, 5d.

‘or 28 pieces at 4/, are worth 112/,

[ T — — ey

LY

10 ditto 6l amount to 6o
8 ditto s/ ditto 40

Therefore 18 pieces were fold for 100/,
But 28 pieces muft fell for 123/ 45.
Yor 1og'y ¥10::: T1ga 1agdr v
Therefore 10 pieces muft fell for 23/, 4s.
And 1 piece ditto 2/, 6s. 5d.

U €58,
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658. Queftions relating to Barier,

1. B delivered 3 hogfheads of brandy at 6s. 84, per gallon,
to C, for 126 yards of cloth, what was the cloth per
yard £ Anfwer 10s.

For raalll 3 ety el 67,
And 126 yards : 634 :: I yard s -2

2. How much fugar at 84. per /b. weight, may be bought for
20 C. of tobacco, at 3L per C. Anfwer 1800/b. weight
of fugar,

Farsy <2 % a0 0o
And;;: 1 60: 1800

3. C has candles at 6s. per dozen ready money; but in
barter he will have 6s. €d. per dozen. D has cotton at gd,
per Ib. ready money ; what price muft the cotton be at in .
barter ; and how much cotton muft be bartered for 100
doz. of candles? Anfw, the cotton g3d. per lb. in barter,
and 7 C. wt. 16/, of cotton muft be given for 100 doz.
of candles.

For''92d. + %84 = ‘od. ": qgid
Alfo 1doz, : 6s. :: 1codoz. : 30/
And S oo alhos ok 8oolh. = 4C. ogu. 16ib.

4. T'wo merchants barter, 4 has 20C, wt. of Cheefe at 215,
6d. the C. wt. B has § pieces of Iri/b cloth, at 3/. 14s.
per picce: Whether of them muft receive money, and how '
much ® Anfwer 4 muft pay to B 8L 2s.

For 8 pieces at 3/ 14s. are worth 29/, 12+,
And 20 C.wt. at 1/, 1s. 64. 21/, 108

: Differenee . 8. 25, #F 5|
5. A and B barter, £ has 41 C, of hops at 30s5. per
7 C.wt, for which B gives him 20/, in money, and the
reft in prunes at §d. per pound; how many prunes did
B give, A, befide the 20/.? Anfwer 17 C.wt. 34. 4/b.
i For 41C.wt. at 1/, 105, are worth 61/. 10s.

Deduét 20/

Remains 41/ 105, :
And 3ol cxlb i 330 1g92/b. = 17 G, wt, qu. 436 |
6. A has 100 pieces of filks, which are worth but 3/ per
piece in ready money, yet he barters them with B at 4/
per piece, and at that rate takes their value of B in wool,
at 71 105 per C. which is worth but 6/' per C. in

ready money ; the queftion is to know what quantit}ri;:
wo
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© wool pays for the {ilks, and which of the two, 4 or B, is
the gaincr, and how much? Anfw. 533C. of wool pays
for the filks, and 4 gains 20l by the baiter.
Por *#2i1 214001 532
And F26 V53 26
So it is evident, that the true worth of the wool which B
delivered was 320/, for which he received only of A the
worth of 300/
‘9. A has linen cloth, worth 204. an ell, ready money ; but,
~ in barter he will have 2s. B has bread cloth worth 147.
6d. per yard ready money: At what price ought the
broad cloth to be rated in barter ? Anfwer 175, 44. 3L£
For 20: 24:: 174 : 2084

659. Queflions relating to Fa&orfhip,

1. A merchant delivers to his fador 100/ allowing him to
Join to it 30/, and values bis fervice worth 40/, what fhare
of the gain ought the factor to have? Anfwer Z. parts.

For 30+ 40=70 the faétor’s flock.
Afd 1900y Sbeiie e, |

2. A merchant’s real ftock being 100/ and the fa&or’s
fervice valued at 20/. who received £ of. the gain; what
was the fa&or’s real flock? Anfwer 8o/,

For 100—20=8o.

3 A merchant delivered to his fadtor 600l. upon condition
that if the faftor add to it 250/ of his own money, and
beftow his pains in managing the whole ftock, he fhould
then have & parts of the total gain. The queftion is to
know what ftock the fator’s fervice was eftimated at?
Anlwer 150/

The faltor’s part of the gain being %, the merchant muft
neceflarily have the remainder, which is 3.

0 T e e e
And 400 — 250=T150.

4. The merchant’s real flock being 1col. and the falor be-
ing allowed X of the gain for his fervice, what real flock
muft he join to have { of the gain? Anfwer 162/

: For 2: 1:: 100: 133 the whole ftock.
Of which the faétor’s fervice is 33%
But 100/. is 2 of 150.
Therefore 50~~33% = 163 the fator mult advance,

Ua 5.
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5. A merchant delivers to his factor 320/, and permits him
to add to it b4/. of his own money, to be employed in
traffick ; and by agreement between them the faltor’s
fervice is eftimated equivalent to a certain ftock ; which
is fuch, that if the total gain be divided [:-.r-:rp-::-ri:b::nnsal:ﬂ}!r
according to thofe three ftocks, the faltor is to receive

L of the total gain, in confideration of the faid imaginary |
tock (being the value of his fervice;) the queftion is to |

know the full part of the gain belonging to each, and
what {tock the factor’s fervice was valued at? Anfwer
the merchant 2 of the gain, and the factor I, whofe fervice
i valued at g6/, ftock.

For 320+64=384

And £ %0384 g6

320
ﬂgailn,i 64

g6 }320:
5 1o - ¥ T B

660. Tt will often happeri, that the folution of queftions in
Fellowfhip may be facilitated by the ufe of Fraétions, Vulgar
or Decimal : For fince by Art. 159, and 161, the firft and
fecond term are the fame, in every operation of the Rule of
Three, that is neceflary to folve the queltion 3 it will follow,
that if the fecond term be divided by the firft, the Quotient,
{0 obrained, may be ufed as a common Mulhplle.r to each of

the refp ctive third terms: T hus, in the fecond Example of

Art, 159,

Yog =75 and +%; x48=35 x4=20
T‘i—xsﬁ:s A3=15
e X2 =10

Again, in the following Examp]e, viz. A chapman break- |

ing, owes unto four men the following fums of money, viz.

Lrariwea: His whole eftate is found to be but
T A b G 148/. 2s5. 64, what muft each
PUC natiyee have of the fame, and what wﬂl
Alabgs iy S h it be pey pound?
Sum 474 : 00 : 0
Now 148/, 25, 6d. =148,125; and.ﬁ.gﬁs_:,gl 25.
474 |

Then

r—
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Then by the method in Art, 396.

21l. gs. 6d.=) 21,475 x,3125= 6,7109= 6l 145, 214.
f 72l 195, 3d.=) 72,9625 x,3125=22,8008=22/. 165. od.
(114/. 135, 9d. =)114,6875 x,3125 =35,8399=735/. 165. 934,
(2641 175, 64.=)264,875 x,3125=82,7733==82/. 15s5. 534.

148,124 =148/. 25, 6d.

661. Queftions relating to Fellowfhip.

1. Three merchants trading to Virginia, loft goods to the
value of 8ool. Now if 4’s ftock was 1200l B’s 4800/
and C’s 2000/, what fum did each man lofe ? An(wer 4
loft 120/, B 480l C 200/

2. Four men traded with a ftock of 80o/. and they pained
in two years time twice as much, and 40/. over: A4’s
ftock was 140l B’s 260l C’s 300/ I demand D’s ftock
and what each man gained by trading ? Anfwer D’s ftock
was 100/ and 4 gain’d 287/ B 533/L C 615/ and D 205,

3. 4, B, and C put in money together, A4 put in 20/. B and
 Cput in 8g/. they gained 63/ of which B took up 21/,
- what did 4 and C gain, and B and C put in?
Anfwer, A gained 12/. and C 30l
B put in 35/ and C 50/
For 105 : 63 :: 20 : 12 . and 63—12—21=730,
Alfo 12 : 20 :: 21 : 35 . and 85—35=50.

4. 4, B, and C putin money together; 4 putin 20/, B
30l. € a fum unknown, they gained 36/ C took up 16/,
what did 4 and B gain, and C put in?

Anfwer A gained 8/. and B 12/,

C put in 4ol
For 36—16=20 the gain of £ and B. o
20 : 8l A's gain,
Then (20.4:30) 50 £:20 14 {30 2 x2l B ;Igitto.
Lattly §:"gg:r 36 1 407 Cle flocks

5. 4, B, and C, put in money together; A putin 20/ for
3 months, B put in 30l for 5§ months, and € put in 404
ior 7 months; they gained 60/, what muft each have of
the gain?

Us Anlwerg



204 - Intereft. Chap. XL.

V. L

Anfwer § B,1815

T LG
For 20X3= 6o
30X5==150
40X7=280
490

609 7 3%
Then 490 : 60 :: 15086 1 Q18 18
280 34 3%

6. A and Barein company; A putin the firlt of ?ﬂ_ﬂﬁdryk

50l but B could not put any money in till the firft of
May; what muft B then put in, to have an equal fhare
with 4, at the year’s end? Anfwer 75/,

For gsoxi12=6oo

And 09 mg

C H & PiaXl

Concerning the INTEREST of MoONEY, and the
Conftruction of 'UABLES for that purpofe.

662. T N refolving queftions concerning Intereft of Money,

four things are to be well obferved ; to wit, firft, the
principal or money lent for gain or intereft; fecondly, the
time for which the faid principal is lent; thirdly, the rate or
proportion which the principal bears to the fum of the princi-
pal and intereft ; and fourthly, the intereft itfelf: So if 100/,
be lent, upon condition that 106/, {hall be repaid at the end
of a year, the faid 100/, is called principal ; the time for which
the faid principal is lent, is one year ; the proportion which the
principal bears to the fum of the principal and intereft is fuch,
as 100 has to 106/, Laftly the intereft itfelf is 6/.

663. Intereft is cither Simple, or Compound,

664. Simple Interelt is that which arifes, or, is computed
from the principal only: So if 100/ be lent for two years,
the fimpl€ intereft chereof, after the rate of 6/, for 1oc/. for

I one
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one year, will be 12 [, iz, 6/, due at the firft year’s end, and
6/. due at the fecond year’s end. ;

665. Compound Intereft is that which arifes from the prin-
- cipaly, and alfo from the intereft thereof, and therefore it is
called Intereft upon Intereft: So if 100/ be lent and forborn
three years, and the compourid interett thereof is to be com-
puted, after the rate of 6/, for 100/, for one year, there will
atife, befides the fimple intereft of the principal for three years,
the intereft of 64 (due at the firfk year’s end) for two years,
and the intereft of 6/ (due at the fecond year’s end) for one
year following.

666. Rebate, or difcount of money is, when a fum of money
due af apy time to come, is fatisfied by the payment of fo
_much prefent money, which if it was put . forth at a certain
rate of intereft for the faid time, would become equal to the
fum firft due: So if 100l be due at the end of two years,
and is to be fatisfied by the payment of prefent money upon
Rebate, aiter the rate of 6/, per cent. per ann. {fimple intereft,
there ought to be fo much ready money paid, which after
the faid rate of interelt would in two years be augmented
€0 100/, In like manner, if the Rebate or Difcount were to
be made after any rate of compound intereft, fo much ready
morney ought to be paid, as at [uch rate of compound intereft
- for the time agreed on, would become equal to the fum firft due.

667. In the taking of intereft, or ufe-money, for the loan
or forbearance of money lent, refpe¢t mult be had to the rate
limited by act of parliament, which hath refirained all perfons
from taking more than 5 /. for the intereft or ufe of rool lent
for a year ; but what part of 5l may be taken for the intereft
of 100l lent for half a year, a quarter of a year, a month,
or any other part of a year, is not exprefled in the A&: In
this cafe, therefore, we muft obferve cuftom and daily prac-
tice; fo we thall ind that 2/ 10s. is ufuzlly takesn for half
a year’s intereft of 100/ and 2gs, for a quarter of a year,
£c. by which praltice, this following analogy (which is the

round or reafon of the common Rules for computing fimple
intereft) feems to be affumed for a fafe expofition of the Sta-
tute, vrz, that fuch proportion as the whole year (fuppofed to
confift of 365 days) has to any propounded fpace of time more
~or lefs than a year, fuch proportion any intereft (not exceed-
ing the rate limited by the A&) for any principal lent for a
year, ought to have to the intereft of the fame principal for
the time agreed upon: This analogy being granted, the man-
- mer of computing fimple intereft, for any principal lent and
U & - forborn
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forborn any time propofed, will be fuch as is exprefled in the
two next fections. |

668. The intereft or gain of 100/ principal money forborn
for a year being known, the intereft of any other principal
;money for the fame time may be found out by one fingle ope-
ration of the Rule of Three; for as 100/ principal is in pro-
portion to the intereft thereof, fo is any other principal to its
intereft: So if it be demanded, what 270/ will gain in a year,
at the rate of 5/, for 100/, for one year, the anfwer will be
found to be 13/, 105, For,

b dp Al L. B o taacs ol
100 : § i 270 : 13,5 (or 13 : 10 : 0

669. A fecond Example. What is the intereft of 246/,
185. 104d. for a year, at the rate of 3/ for 100/ for a year?
Anfwer 7/. 8s. 1,38 4. :

T'his queftion, and all others wherein the gain of (or allow-
ance for) 100 integers is concermed, may be anfwered as
follows :

£irfl, Multiply 2461 185, 104. by, 3, after the manner de-
livered in Art. 87, and write down the produ@ which is
7401 165. 64. Then divide the faid product by 100, in this
manner, vrz. divide 740 pounds by 100, which is performed
by cutting off, towards the right-hand, the two laft places of

L, i

240 = 18 96

3

Lol dp s 1b: &b
20
. 8] 16
12

d1| o8 3

740, fo the Quotient gives ¥ pounds, and there will be a re-
muainder of 40 pounds, which 40 pounds reduce into fhillin
fo there will arife 800 5. to which adding the 16 5. which ftand
in the place of fhillings, the fum will be 8165, thefe are alfo
to be divided by 100 (by cutting off two places as before, fo
the Quotient will give 85. and there will remain 165, which
being reduced to pence, and unto them 6 pence being added
(to wit, the 6 pence which ftands in the place of pence) there
will arife 198 pence; thefe alfo are to be divided by 100 (by
cutting
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cutting off two places to the right-hand as before) fo the Quo-
tient gives I penny, and there will remain 98 ; fo the exadt
Quoticnt or anfwer of the queftion is found to be 77 85, 1,23.4.
More Examples of this Rule are thefe following :

I8 i . 1.

100 2 6.:: 703 .. 32,002

6

b 47.F 6t « 15 «.6
20

L

s 12] 135
| 12

d 4] 26

ok L P
YOO 18 12 a7 gl

8
/. 3] 49:14:0
20 \
SEERLT O
12
dir] 28

6y0. After the fame manner may this following queftion and
fuch like be refolved, wiz. when 100 ells of linen-cloth cofts

30/ 18s. 9d. what is the price of 1 ell? Anfw, 65 24. 1£.

Bl L ced e gy
IO . 30 . 18 g9 :: 1
: 20

Shill. 6] 18
12

Pence. 2

_

25
4+

Farth.1 | oo

671,
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671. When the given gain of (or allowance for) 100 inte-
gers confills of fome number of pounds, together with fome
aliquot part or parts of a pound, the operation will be lirtle difs
ferent from the laft-mentioned Examples, as may appear by
the refolution of the fubfequent queltion, wiz. what mufl be
allowed for 2156/ 135 4d. at the rate of 6 /. 155, for 100/,
Anfwer 145/ 115 64d. thus found. ' Firtt multiply the faid
2156/, 135, 4d. by 6 (the number of pounds in the given al-
lowance 6/. 155.) after the manner of the laft Examples, and
fubfcribe the produ& which is 12940/, under the line; then
fince 15 5. are equal to 14 together with 1/ take £ of 2156/, &
X3s. 4d. which is 10784 65, 84, likewife £ of the faid 2156/,
134, 44. to wit, 5394 35. 44. and having fubfcribed thefe
Quotients under the produét firft found, add them all together,
and find 14557 /. 105. 0d. the total produ@, with which pro-
ceed as in the former Examples; and o at length the Anfwer
isfound to be 1454 115 64. View diligently the operation,

y .I. i 25 d,
100: 6F :: 2156 . 13 gt
I

e

12040 . © . 0
1078 « 6 . 8
539 - 3-4
145157 « 10, 0
20

-
=

11 | 50
12

6] co

672. By this Rule, Brokage, Commiffion, Provifion, Storage,
Infurance, &, are work'd, having no refpeé to time.

Example-1. Unto what comes the Commiffion of 359/ 175,
K134, at 23 per cent,

359
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s) 359:17:011: 3

2

e B o et i BLC

17G % 185 11 2V 5

8log:1s:10: %
20
19 | 94
12
11 | 38

4 Anfwer 8L 195, 11d, %

i

Example 2. At 13 per cent. what comes the Brnkage of 1984
11s. 74, to?

2Yi1g8.: 3x 1 77
49 : 12 : 10 : %

48 4: 53

2 , 12 Anf. 2/. g5, 734d.
7 l 73
4

2|95

673. But queftions of this nature are more concifely and
readily worked by this

Rule. Divide the given fum by the aliquot part, that the rate
of the Commiflion or Brokage, &, is of 100/, As for in-
ftance, in the laft Examples.

Example 1. The Commiffion being 2% per cent. which is the
4oth part 1go/. Therefore

4l0) 35]9L 175 11d. 3
Anfwer VPR T L 1 A

e

Example
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Example 2. The Brokage being 1.1 per cent. which isthe 8oth

rart of 1oc/. Therefore
8lo) 19| 8L 115 7d.

Anfw. 2:09:07 : L

674. When Time is concerned.

Rule. Multiply the principal by the intereft of 100/, for the
time required, and the produdt (ftriking off two figures on the
- right-hand) is the anfwer ?

Example 1. What is the interelt of 479/ 18s. for two
years, at 41 per cent. per annum ?

The intereft of 100/ for two years at 4% per cent. ig g,
T herefore

479 : 1

Ve B ]

o
[

43{ g !
20

3|82
Iz
L ]

9}84
4

3 | 36 Anfwer 43/, 035. 093d.

Example. What is the intereft of 571/, 155 for 8 months,
at © per cent. per annum ? :
Fhe interelt of 100/ for 8 months, at 6 per cent, is 44
Therefore
Lk 7 s (=
4

22|87 : oo
| 20

17 | 40

12

4 | 8o
4

3 | 20 Anfwer 22/, 17+, 043d.

Note,
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Note, If it be for 3 months, at § per cent, per ammum, then
you need only add % of the principal to itfelf, working as before
direClted, &'e.

675. Since the intereft of any principal,

5, 12
at {i }per cent, for {ig} Months.
3 20

is juft fo many fhilliggs as it has pounds. Therefore,
(1.) What is 379 /. 15 5. for 12 months, at § per cent ?
(2.) What is 461! 12: 6d. for 10 muntha at 6 per cent?
2lo 3719 : 2|0 416 : s i

Anfw. 18: 19 : 9 Anfw, 20 : 16 :
(3 ) What is 427 /. 13s. 9d. for 20 months, at 3 p:r cent 2
(4.) What is 927/, 115. 34d. for 15 months, at 4 per cent?

2lo 427 : 13 : 9 2la g3l7.: [1.:73

L YAnfws 9t T 0B Anfw. 46 : 7 : 62
676. Hence, to find the intereft of a given prmmpa[ for any
_other time,

Rule. Take parts, for the time required, out of the time
affixed.

Thhus if the intereft of 379/ 155. for 12 months, at § p.-,-r
eent. is fo many fhillings, then for 6 months, it is the L of fo
many fhillings, or fo many fix-pences; and for 4 months the E
of it, or fo many groats, as the principal bas pounds.

Example . What is the intereft of 279/ 11 5. for 4 months,
at § per cent ?

2]jo) 2719 : 11
. R Sl o B2 5

Anfw. 4 : 13 : 2
Example 2. What is the intereft of 197/, 11, for 2 months,
at 6 per cent?

2]o) 1gly : I1I
5) QUi SEE e

Anlw., I : 19

.E X .‘?J'l!"-’i’l
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Example 3. What is 491/, 17 5. 10d. for § months, at 4
per cent. ? '
2°0) 49]1 : 17 : 10

3) ;2 211 102

Anfw. 8 : 3 11;,: |
Example 4. What is 279/. 115, 84. for 7% months, at 4
per cent. ?

gloyzan 1T 58

Q) 1319 5

Anfw, 6 : 19 : g%
For what odd money is adjoined to the principal, value every
20 5. as 124. and lefler fums in proportion.

677. Intereft for days.
To find the exa number of days between any two given
times, without any Book or Table,
"This is done by carrying in memory that old diftich, viz.
Thirty days has September, April, Fune, and November,
February has twenty-eight alone ; all the reft have thirty-one,

And according to this reckoning, the year contains 365
days; therefore for inftance,
To find the number of days between the 7th of Fune, 1701,
and the 15th of September, 1703, fay thus, |
From the 7th of Fune 1701, to the 7th of Fune 1702, is 365
-

739
or two years, :
From the 7th of Fume 1703, to the end of the fame
month is e e 23

. 3{#& a1
Thﬂﬂ 1“{ jﬂg%ﬂ"""""‘S;
gmhm which to the x5th of September, is 15
o that from the 7th of Fune 1701, to the 15th
of September 170 3 z I } days 830
Note, That 1 day muft be added to every 4 years contained
in the time. For every fourth year, being Leap-year, February
has then 2g days,
After this manner may any number of days, even to £ or £
ofa day, be exattly and readily difcovered. N oW,
678.
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6?3. I the intereft of 100 / principal for one whole year, or
. 365 days be known, the fimple intereft of any other princi-
pal, for any number of days more or lefs than 365, may be
found out by the following Rule, viz. J

Multiply thefe three numbers, according to the Rule of con-
tinual Multiplication, to wit, the given interef of 100/, fora
year, the principal, whofe intereft is required, and the number
of days prefcribed, referving the laft product for a Dividend -
Alfo multiply 365 by 100, and referve this produ& for a Di-
vifor : Laitly, finith Divifion, fo fhall the Quotient be the in-
tereft or gain fought, }

Note here, That the two principals, to wit 100/, and the
other propounded, are fuppofed to be of one and the fame de-
nomination : Allo the intereft required will be of the fame de-
nomination with the given intereft of 100/

For an Example of this Rule, let .it be required to find out
the intereft of 400/ for a weck or 7 days, at the rate of 6 1.
for 100/ for a year, or 365 days: Firft multiplying thefe three
numbers 6,400, and 7 continually (viz, multplying 6 by 400,
and the product thence arifing by 7) the laft produ& will be
16800 for 2 Dividend ; allo multiplying 365 by 100, the pro-
duct is 36500 for a Divifor: Lattly, dividing 1680 by 36500
after cyphers at pleafure are added to 16800) the Qugtient
according to Art, 401.) will be difcovered to be this Decimat
,4602, which is equal to g 5. 24. 1 £,

679. The reafon of the above-mentioned Rule for the com-
puting of intereft for days, will be manifelt by this followin
way of folving the fame queftion by two fingle Rules of Three,
Wiz,

6 x 400

100

I. T08S . 88 350 4003

—— e———
L]

100 365 X 100

680. Or the fame will appear from the univerfal Rule of
proportion, Chap. 30 Art. 406.

IL . ohie e 6 %400, n 1 OX400x7

Princip.  Inter. Days.
Conditional Terms 100 6 365
Correfpending 400 A :

Now it is evident that the principal and time produce the
intereft.

Therefore A:M as above,
' 365 x 190

681.
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681. Hence it appears, that the above dire@ed operation
may be often contracted by the method in Arz. 266, :
682. But the moft concife way of computing the intereft is
by ufing Decimal Fra&ions; For Example, if it be required to
find the intereft of 2156/ 135. 34. for 63 years, at 43 0. per
cent, £
2156/, 135 3d.= 2156,6625 and 41/, — 455
5,4 Multiplier inverted.

862665
107833

0704.98 this produét divided by
100 will be 97,0498 63 :_-6,?5
=r5;;,,6_ E'u'fultiplier inverted.

5822¢88
679349
49525

Anfw. 655,0862 = 6551 15. 834.
683. And to prevent the trouble of dividine by 365 in every

computation of intereft for days, the falimiring ‘T"ables have
been calculated ; the firft term of each of which, is the intereft
of 1/, for one day at the given rate; that is, 000136986, the
firtk number of the Table of g per cent. s I%uud from
(Ixixs
365 x 100 .
680. And the other numbers are made by Addition ; the fe-

cond number being the double of the firft ;" the third the fum of
the firlt and fecond, &,

)the general Rule given in 4rt, 678, 679, and
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TABLES of Szmpfe Intereft ferving at any rate
Jor any time.

( 305 )

2 per cent,

3 per cent,

33 per cent,

RDW‘JQWU'I-I%WHH

COuD o83 Tl b L M

[ )

10000547045
»00010Q5 90
,coa16433g
0002191781
,0902739?26
,00032876 /I
,0003835616
;0004383561
;0004931506
;0005479452

| 0010958904

;0016438356
0021917808
40027397260
,0032876712
,0038356164
40043835616
,0049315069
30054794521
0109589042
,016428256

Miﬁt!?s? :
»005
,01
»OI15

Years.

,02
;04
,00
,08
»10
12
y14
,16
»18
320

»0000821918
»0001643836
50002465753
3000328;6§1
»0004109589
50004931507
20005753425
»0000 5?5342

,noo§39 7260
»0000219178

,0016438356
,0024657534
,0032876712
0041095890
50049315068
»0057534246
50005753425

,0073972603
50082191781

,0164383562
=924 5?5343

,mo?,
0I5
;0225

03
200
qele
12
»15
18
J2F
124
+27
330

,0000958904
0001917808
;0002876712
40003835016
»0004704521
30005753425
10000712329
50007671233
0008630137
0009589041
50019178082 }
,0028767123
30038356164
10047945205
10057534247 ¢
,0067 123288
0076712329
»0086301370}
»0095890411
,0191780822
,028?6?1233
,008;5
0TS
,020235

035
4070
105
s 140
175
y210
245
, 280
» 315

350

{
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b=y

4 per cent.

4 % per cent.

§ per cent.

,mooxeg58§
,0002191730
;0003287671
,0004383501
[,0005479452
;0000575342
,0007671232
;0008767123
50009863013
,0010958904
,0021917808
,0032876712
,0043835616
,0054794520
,0005753424
,0076712328
,0087071232
40098670137
20109589041
0219178082
,0328767123
Months.
,OI
,02
s03
X Years.
,04
08
SIQ
,16
220
24
,28
»32
»30
540

0001232877
,0002465753
,0003698630
,0004931506
40006164383
»0007 397259
,0008630136
,0009863012
,00110958g0
,0012g18y6;

»0024057534 1>

,003698630T1

,0049315068
40001643835

,0073972602
,00863011369
,0008630130
s0110958904

,0123287671

10240575342
0369863013
:c1}2§ l

},03375
{ 045

,090

135
7
228
5270
3315
,360
2405
»45¢

,00013698673
;0002739726
[,0004109589
10005479452
50000849315
,0008219178
,000958904 1
aﬂelﬁgsgga4
00123287

:oalgggbgg?
Q027397200

;0041095890
,0054794520
,00684931501
|, 0082191780}
,0095890410
,0109589040
3012g2876?1
0136086301
,0273972602}
,0410958903

,0125
,02§

¥0375
|

+C5
,10
»15
,20
525
»30
235
240
45

150
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Simple Intereft.

6 per cent,

? ﬁwr cent.

8 psr cent,

OGO Ol e ) B e

oo Thlm b G MY

DD

,0001043836

0003287671

0004931500

»000057 5342

0008219178

,9509863313

;0011506849

0013150684

»00I14794520

0016438356

10032876712

,0040315068

,0005753424

;0082191781

;0098630136

,0115068492

;0131506848

0147945206

10164383562

0328567124

0402150686
ﬂ%gnfhm

;015

503

345
Years.

,06

12

,18

124,

3 Q

36

342

248

'54

»£0

ok

50001917808
,0003835616
»0005753424
»0007671232
»0009589C41
500115 06849
30013424057
=o015342465
0017260274
»001Q17 805
,0938356164
,0057534246
50076712328
;00958904 11
,0I115068492
s0134246574
,0153424656
0172602738
»0191780822
0383561644
=95?5341¢66
3875

;035

10525

07
y14
21
,28
335
142
.49
,56

: 553

»7 0

,0002131,80
0004383561
30000575342 )
10008767122}
,0010958904
»0013150084
0015342464

20017534244
,0019726026

50021917808
50043835616

20005753424
0087071232}

;0109589041 .

»0131506848
s0153424656
50175342464 }
,Drgpzﬁozég’
0219178082 }
,0438356166

>065?5342+9-

,oz

304
,06

,08
,16
,24
3 3%
240
;48
,56
.04
372

4,80

X 2
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Explication. |

684. The firft column of every page being time, againft it

ftands the intereft of one pound for that time, at the rate per

cent, {pecified on the top of the column, and at the fame view

vou have the intereft of 10/. 100/l. 1000/ and zall in one
line. Let the intereft of 500/. for 73 Days at 5 per cent. be

required.
Then, agamﬂ: 70 days ftands 0095890410
Againft 3 days ftands ,0004109589
Therefore the intereft of ¥} is 0099999999
for 73 days } or ;0I
Now fince the intereft at § per cent. for 73 days,
Z. Bl
Of I is .01 or 2 5
That of 10 is .10 or 02:0:0
And of 100 is 1.00 or 1:00:0:0
Alfo of 111 1.I1I or 3 :02:2% %

So that one pound after that manner being found to be the
intereft of 100 L at 5 per cent. per annum for %3 days, 5 times
that money, to wit, 5/ muft therefore be the intereft of 500 /.
Again, if the intereft of 111/, at the fame rate and for the
fame time were required ; take the total of the above fums for
an anfwer, being .11, or 1/ 25 23d. So that let the given
principal be what .number of pﬂunds, fhillings, and pence it
will, it may be either taken in parts, as x11/. above,‘or by
mult:plymg the intereft of one pound by the given principal ;
{o that no fum, at any of the inferted rates or time, can requirg
more than one Multiplication.

685. Although this is calculated only for ten years, beyond
'r.n.hn:h time fimple intereft feldom happens, yet the interefk
{from thence for any longer time may as eafily and readily be
found, viz.

Example. Unto what amounts the intereft of 79/ 15 s. for

16 years and 73 days, at g per cent. per anuum €

ThE lﬂtEl’Eﬂ.‘ of Ig JEQLE is :50
g 5L for years 1 530

73 days is ,01
T“Ef;;ffffﬁﬂ;i;?:E;Eg“dg;sI‘" 1 is ,81 which multiplicd by
the principal preduces the anfwer,

7973
&l
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75 |
793
63égg5

et

64,5975 Anfwes 64/ 1Xs 115:4d.

686. Likewife may the intereft of any fum at any other rate.
per cent. whatfoever be readily found, according to the direc-
tions in Art. 675. -

Example 2. What comes the intereft of 432/, 105, for1
year I, at 51/, per cent. per annum?

Firft take the intereft of one pound for the given 6

time at § per cent. per annum, which is — } 8250

To which adding one tenth ,00025

em— e o s

gives the intereft of one pound at 5% per cent. — ,00875
Multiply’d by the given principal — ~—n 432,5

34375

13750.
20625
27 500

Anfw. 29/ 145 081d. 29,734375

687. When an annuity payable yearly is in arrear for any
number of years, and it is required to know what the fame will
amount to, fimple intereft being computed for every particular
yearly payment, from the time it became due, until the end
- of the term of years, the Work will be as in this following

Example, viz. },F an annuity, or yearly rent of 134 /. 104, 64,
be all forborn till the end of 4 years, what will it then amount
to, fimple intereft being allowed at the rate of 6 per cent, per
. annum, for each year’s rent, from the time on which it was
due, until the end of the faid term of 4 years? Anfw. 5864
Eaa s 622,

It is evident by the queftion, that at the rate of intercft pro-
pofed, there muft be computed the intereft of 1344 1035 64,
(due at the third year’s end) for one year (to wit, the fourth
year,) alfo the intereft of the like fum due at the fecond year’s
end, for 2 years (to wit, the 3d and 4th years ;) likewife the
intereft of the faid fum due at the firlt year’s end for three

X 3 VEALs.
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years, (to wit, the fecond, third, and fourth years :) All which
intereft being added to the fum of the four years rent, the total
fum fhews what the faid annuity will amount to at the end of
the faid term of 4 years.

Explication.

Jir g d.
The intereft of 134/ 105,91 i . . 8 :71: 5,16
6 d.at 6 per cent, per ann. }z e ST s (3R TERal
for —— — RIS, g e s a8
The fum of the 4 years rent : '
(to wit, 4 times 134.;’.} 1575 . EaBi g gl

105. 64d.)

give the anfwer of the 586 : 10 : 6,96

All which added together,
queftion, to wit, — }

688. When it is required to find out how much ready mo-
ney will fatisfy a debt due at the end of any fpace of time to
come, by rebating or difcounting at a given rate of fimple in-
tereft, it may be effe&ted by this Rule, wiz. firft, find out the
intereft of 100/, at the fettled rate of intereft, for the time
which the ready money is to be paid before-hand ; then ad-
ding the intereft fo found to 100/ make always the fum of
that addition the firft term in an operation of the Rule of
Three; 100/ the fecond term; and the debt propofed to be
fatisfied the third term : laftly, the fourth proportional found
out by the faid operation, will be the ready money which ought
to be paid in fatisfaction of the debt propounded.

Example 1. If a debt of 100/ be payable at the end of ag
year to come, how much ready money will difcharge that debt,
by rebating or difcounting at the rate of 6 per cens. per annum }
Anfw. g4 /. 65 gd. 2 far. very near; for by the Rule of
Three,

1006 : 100 :: 100 : 94,3396 +

That is to fay, if 106 /. (which is compofed of 100/ princi-
pal, and 6/ “intereft) proceeds from 100/ principal forborn
for a year, what principal forborn for a year does 100 /. (com-
poled of principal and intereft) proceed from ? Anfw. 94,3396 L
+, (or 94/ 65. 92 d. very near) principal money ; therefore
94 /. 65. gtd. in ready money, is of equal value with roo/
due at the end of a year to come; for if the faid g4/ 6s.
97 4. be put forth at intereft for a year, at the rate of 6 per
cent. per annum, it will gain 5/, 135, 2% 4. very near, which

together with the faid g4/. 65. g1 4. makes the 100 /. firlt pro--
poicd to be difcharged by rebate. '

I | Example

]
i
4
a
U
i
5
A
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Example 2. 1f 150 L 10 5. be payable at the end of 37 days
to come, how much prefent money will difcharge the faid debt,
by rebating after the rate of 6 per cent. per annum 2 Anfw. 148 L
145 3%d. +, as by the following operation is manifeft,

: days. [ days. L

M RP  e B

I L l, L

1L 101,2 : 100 :: 150,5 : 148,7154 +
That is to fay, firft, I feek the intereft of 1col for 73 days,
at the rate of intereft propofed, by the above procefs, or by the
" Table? Anfw. 1,5/ or 1,2/. Then adding the faid 1,2 to |
100, fay, if 101,2 /. principal and intereft, payable at the end
of 73 days to come, be equivalent to 100/, ready money, what
ready money is 150/, 105 (or 150,5.) pavable at the end of
=3 days to come equivalent unto? So by multiplying and di-
viding (according to the Rules of Decimal Multiplication and
Divifion explained in Chap. 28. and 29.) the Quoticnt or an-
{wer of the queftion will be found 148,7154 + 3 that is, 148 /.
145. 31 d. +; for the Decimal ,7154 being valued according
to Art. 365. will by infpeétion only be difcovered to be 14 s.
31 d. which Rule I'fhall here once for all, advife the learner
to be well acquainted with.

The Proof.

Seek what the ready money found as aforefaid will gain, in
fo much time as it is paid beforehand, at the rate of intereft
propounded : Then having added this Eain to the faid ready
money, if the fum be equal to the debt firft prepofed to be a-
tisfied by rebate, the ready money was rightly found out, So
the laft Example will be thus proved :

L /. l. '
. 100 : 152 :: 148,7154 : (1,7845
Which fourth proportional 1,7845 being added to 148,7154,
¢he fum will be 150,4999 +, which does not want a farthing
of 150/ 1075. the deb firft propofed.

68g. When it is required to find the prefent worth of an an-
nuity, by rebating or difcounting at a given rate of fimple in-
tereit, the operation will be as in the following Example, viz.
How much prefent money is equivalent to an annuity or rent
of 100 /. per annum, to continue 5 years, rebate being made
at the rate of 6/, for 100/, for one year at fmple interett 2
Anfw, 42514 185 934, vcr}'}imr. | :
¢ Y



212 Compound Chap. XL1.
: it is manifeft that there muft be computed the prefent worth

of 100 /. due at the firft year’s end, alfo the prefent worth of
1co /. due at the fecond year’s end, and in like manner for the

third, fourth, and fifth years; all which particular prefent

worths being added together, the aggregate or fum wil] be the
total prefent worth of the annuity. \ :

‘The operation by Decimals is as follows -
1. | 106-:-100 - : 71Q0:: 34,33962 +
112 : I00 :: 100 : 89,28571 +
11§ : 100 :: 100 : 84,74576 +
124 : ICO :: 100 : 80,64516 4
130 : 100 :: 100 : 76,92307 +

e g b

Anfw. 425,93932 +

CHAP XL
Of Comrounp INTEREST.

- boo. Omeound INTEREST is derived from the follow=
ing fuppofition, viz, that the intereft of money oughe

to be punétually paid when due (which is commonly at the end
of a year from the time of lending the principal) and that, if
it be not fo done, then the faid intereft fhould be confidered as,
and added to, the principal from that time; and intereft be
computed on their fum for the next year or other period of
time,

ouppofe, for inftance, that 100/, were lent for one year, at
5 per cent. then, if the 5. Intereft be not paid at the year’s
end, there will arife a principal of 105/ on which intereft muft
be computed for the fecond year; which by Art. 668. will
amount to 5/ 55 now, if this be not paid at the end of the
fecond year, then, to the fecond year’s principal 105 L add its
intereft 5/ 55, and the fum 110/ §55. will be the principal,
on which intereft muft be computed for the third year; and
#0 on for fucceeding years, b ;
- 6g1. But fince the intereft of any fum of money for one year
is found by the following proportion. Se¢ Art. 668. |

A 8
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As 100 L :to its interelt : : the given principal : to its intereﬂ;;
Therefore by compofition, fee 4rt. 553. Cafe 5. :

As 100/ : to 100/, + its intereft : - the given principal : to
to the principal 4 its intereft.

6g2. Whence the amounts of any given principal (fuppofe
3oo L) for any number of years (fuppofe 4) at any rate, fup-
pofe 5 /. per cent. may be found as follows, wviz.

300 P 315 The amount ¢ 1 o
b te o EEE : 330575 of 300/ and ) 2
g 330,75 : 347,2875 its intereft at ) 3 %
1

347,2875 @ 304,651875 J the end of

" 693. But the principal, and the feveral amounts, area rank
of numbers in Geometrical Progreflion, increafing in propor-
tion as 100 to 105, or as I to I,05.

As will appear from their produ&tion, or may be proved from
the equality of the producls of any extreme and mean terms.

694. Since by Art. 692.
As 100/ :itsamount : : any principal : its amount.
Therefore 100 /. : itsamount :: 1 /. : its amount,
And 1/ :its amount : : any principal : its amount.

695. Now the amounts of 1 /. for any number of years at
any rate per cent. ({fuppofe 5/.) will be the powers of (1,05)
the amount of 1 /. for one year by Art. 693. and 547.

696. Therefore, if the powers of the amount of 1 /. for one
year be firft calculated, the amonnt of any principal may be
found by Multiplication only.

Thus, if the powers of 1,05 be computed, they, with their
indexes, will be as follow :

o I 2 3 4 &e. indexes.
I . 1,05 . I,1025 . ¥,57625 . 1,21550025 &% powers.

And the amount of 300/ in 4 years at 5/, per cent. will be
the produ of (1,21550625) the 4th power of 1,05, multiplied
by the principal 300/ See the operation,

I,21550625

300

364,651875C0

697. In order to facilitate the computations relating to coms
pound intereft, the powers of the amounts of 1 /. for one year
- at the feveral rates therein mentioned, are inferted in the fol-

JD W mg 'rablﬁ‘.
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318 Compound Chdp. XLI.
The C&rgﬁmﬁfm of the preceding Table.

698. The numbers 1, 2, 3 4 ¢ to 60, in the firft co-
lumn on the left-hand fignity years ; the numbers 2; 3, 3%
4, 43, 5, 6, 7, and 8, placed at the head of the reft of tf?e
columns, denote rates of intereft for 100 /2, lent for a year, and
the numbers fet in the feveral columns under thofe rates of in.
tereft, are the powers of the numbers which ftand on the firft
line, which are found by continually multiplying by thofe num-
bers. Thus in the column under 54

o = =y i :
159 Pe{I)25(1)we =105 x i

=4 LI02; {5232 g)2([8S (=105 x 1,06

S rasybe (5B T n 152

o 1 oy Sr3tle 13 Bon = 1,05 X I1,1025
= L 1,21551 2 = L5 = =l
B 55 i e L4 p;c“ “J=1,05 X I,15703

The calculation of which numbers will be very eafy, if per-
formed according to the following method :

Lot 1,54
Add 525 = 1,05 MK 05 = oK 1,05
The fum = 1,1@1; = 3.008 X 1,08

Add = r5e195:= 1,1025" 5 X|' Josic= L ux I, 1028
The fum = 1,157625 = 1,1025 X ,105
Add 57881 = 1,157, X~ ,0¢ = 5 X 13157,

————

The fum = 1,215506 = 1,157,8%. X 1,05 -

6gg9. PROBLEM 1I.

The Principal, Rate, and Time being giveny to find the A-

mount. .
Example, What will 136/. 155.6d. be augmented to, being
forborn 20 years, intereft upon intereft being computed at the
rate of 6 per cent. per annum? Anfw. 438/ 135 11d. very
near, which is thus found out,

Firft, looking into the 7th column of the above Table,
to wit, that column which has the figure 6 placed at the head
of it, right againft 20 years is the number 3,20714, which
fhews that 1 /. being continued 20 years at 6 per cent. per an-
aum, compound intereft, and all forborn until the end of the
faid term, will be augmented to 3,20714 /. (that is, 3/ 4s.
1d. 2 f. and fomewhat more ;) therefore after the 155 64,
in the queftion is reduced to the Decimal ,775, multiply the
faid tabular number 3,20714, by 136,775 (the principal pro-

pounded
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pounded in the queftion), fo the produ& will be 438,6565,
&Fc. thatis, 438/ 135 17d. for the anfwer of the queftion.
View the operadon here following :

136,7750
41702,3
4103250

273550
9574
137

54

438,6565
700. PROBLEM 2,
The Principal, Rate, and Amount being given, to find the

Time. '
Example. A perfon having lent 136/, 155. 64d. at 6/, per
cent. compound intereft, received 438 /4 135, 1% d. in full il
ment ; how many years was the money out of his hands ?
Divide (438,0505) the amount, by (136,775) the principal
and find (3,207, &¢.) the Quotient, or the neareft number to
it, in the Table, in the column under (6) the rate: So fhall
{20) the number ftanding in the left-hand column, even there-
with, be the time required ; exadt, if the Quotient be exaélly
found in the Table, or nearly fo, if otherwife,

701, PROBLEM 3.

The Principal, Time, and Amount being given, to find 1h;
Rate.

Example. A perfon having lent 136 L. 155, 6 4. received in
full payment thereof, at the end of 20 years, 438/ 13+, 1% 4.
- at what rate per cent, was compound intereft computed ?

Divide (438,6565) the amount, by (136,775) the principal,
and find (3,207, &%.) the Quotient, or the neareft number
thereto, in the Table, on a line with the given time (20);
fo fhall (6) the number at the head of the column be the rate
required 5 exact, if the Quotient be exactly found in the Ta-
ble, or nearly fo, if otherwife.

After the fame manner, the numbers belonging to any of
gle ?ﬂ;er ratgs of intereft mentioned in the firft Table, are to

¢ ufed,

7024
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702. When an annuity payable yearly is in arrear for any
number of years, and it is required to know what the fame will
amount to, compound intereft being computed for each parti-
cular payment, from the time it became due, until the end of
the term of years, the Work will be as in the following Ex~
ample, viz. fuppofe an annuity of 300/. payable at yearly pay-
ments be forborn, and all unpaid until the end of four years’;
the queftion is, what will then be due, compound intereft be-
ing computed at the rate of 5 percent. per annum, for every
yearly payment from the time it becomes due, to the end of
the faid term of four years? Anfw. 1293/ 05. gd.

It is evident by the queftion, that there muft be computed
what 3200 /. due at the third year’s end will be augmented to in
_ one year, (to wit, the fourth year) at g per cent. Alfo what
300 /. due at the fecond year’s end will be increafed to in two
years, (to wit, the third and fourth years ;) likewife what 3co /.
due at the firft year’s end will be augmented to, in the three
following years, (to wit, the fecond, third, and fourth years)
all which fums being added to 300/ (the payment due at the
end of the fourth year, which is incapable of any improve-
ment,) the aggregate or fum will be the total money in arrear
at the end of the fourth year, to wit, 1293,0375/ as may ap-

pear by the following operation, viz,

/.
The laft payment of the annuity due at the end
of the fourth year is e i } 300
Again the 300 /. due at the third year’s.end, will
in one year, after the rate of § per cent. be aug*} 315
mented to —_— — —_ L —
Alfo 300/, due at the fecond year’s end will in
two years, at the rate of § per cent. per annum,
~ compound intereft, be increafed to, (as appears 33975
by Art. 6g2.)° | —_
In like manner 300 /. due at the firft year’s end, } g
will in three years be augmented to  —— 34752075

1293,037§

703. The invention of the numbers before-mentiohed being
well examined, it will appear, that if an annuity or rent pay-
able at yearly payments be improved to the utmoft at intereft
upon intereft, and all forborn or refpited to the end of certain
years, the total then due will be the fum of a Geometrical
Progreflion confifting of as many terms as there are yearly

The fum due at four years end is

~mante. the firft of which propertionals is the annuity or rent:

|

b
i
¥
3
‘q‘




Chap. XL Interefls 32F

And the fecond proportional proceeds from the firft in the fame
rate as 105 proceeds from 100, if the rate of intereft be 5 per
cent. (or as 108 proceeds from 100, if the rate of intereft be
8 per cent, &c.) and fo likewife the third from the fecond, the
fourth from the third, &, after themanner of theoperation in
Art, 6g2.)

704. The Conflruétion of the following Table 11.

Upon the aforefaid grounds, the following Table IL. is cal-
culated, to thew what one pound Annuity, payable at yearly
payments, and forborn any number of years under 61 will
amount to, by computing intereft upon intereft, at any of the
rates exprefled at the head of the faid Table.

And the fame Table may be eafily compofed, by the addi-
tion of the numbers in the preceding Table 1. in this manner :

To 1 ftanding under 5 in the latter Table,
Add 1,05 the firft number in the former Table,

Makes -2_,_5; the fecond number in the latter Table,
Add 1,1025 the fecond number in the former Tadble,
Makes 3,1525 the third number in the latter Table,
Add 1,157673 the third number in the former Table,
Makes 4,31013 the fourth number in the latter Table,
',

The numbers in the preceeding Table I. ought to be con-
_tinued to more places than are there exprefled ; to prevent the
errors, which may happen by the adding of defective Decimal
Fractions.

Y TABLE



Chap. XLI.

Compound

322

|

11251¢%%

8056761

16865¢g1

z¥Ebzel1

TABLEL

zobz1¢ST mmmmunmﬂmmmhm:ﬂ Sovglioz | 6SEz0o0z S1
zbF1zve | 6V0SS ez | LoS101T |29g0501 | 112864y | 16162°g1 | 66gLgLr|2Lggotln |YOELOST ) 1
ofS6%¢rz | footitoz |Frzggigr 80z Ll | 16651441 {¥8929°gr jEot114gr |6LL1geST |[E€0GoPI| EI
€1LL6°gr | Stggeelr [¥669g9r |E1416°SK | Eotgh Sy | 18520°ST | gb1oghr [Eoebrthr|bozIvEr| =1
6¥Stgiqr [0 QLS | g1l |b6Lgoz v |gribgCr [SEqgb 1| 661t1C1|0glogizr|Tiggier| 11
9S9gv b1 m.va.H ‘€1 |ogog1*€r|6gLlLSzr|128gz e [11g900%zr |6E1EL%11 | ggfob in|zibbb0r| o1
gSLghc1 |66LL6¢11 | 2E16V 11]9Sgzoti | 11z0g 01 |0gzgSeor [0Sggtor | 1168101 |EgHSLO 6
£99tg‘or |ogbSzéor | L+L686 | 116¥56 | 10096 [Eztizd |bBg1So6 |PEzhHgg Sﬂmmnm g
ogzebg |zotSgg .vmm_mmw 1ozbi¢g | S1610°g 167868 L |1¥6LLL |otzggl |gevits L
COSEEL |62ESIL $Lbg |1610g°g |6891l¢g |gbzEgég |S1085% |1tggbig [zigo€ig | g
00998°¢S |¥LoSLS |60LEq S 1€9SzS<S |1lol¥S |eCqi¥ S |LiteqgftS |V160E¢S |Fotor S 5
11908y |¥66EF Y |zgblEdy |Cro1EF |brgley |obotzy |¥6Vi1zh |tofgi‘h |igrzid | +
obgtc€ |obbiz€ |ogfgi€ |oSzS1¢€ |folf1‘C |ogizi*€ |Ezgoi€ |obobo‘E |ovogo‘f £
00080z |000Lo‘z jo00go‘z |oocSo‘c j00Stotz jooovo‘z jooSEo‘z |ooofofz |ooozo'z |z
Q0000°I | 000001 | 00C00SE cooo 0°I |00000°c |00000I |00000°I |00000°I |0000D°I I
 quaryaad @ | qusnyaed L| ‘quaryaad g | quan4ad S | 110 4ad T | auinaad | 1 4d 1€ | rquanaad €| usnaad | csaes g |
"wnuup 494 'jui) 43¢ § pue ¢ L B R T 1|
o Jo Lue je payndwod Guraq yasayur punedwiod “wiral 243 Jo pua 3y3 I8 01 Wnowe [[Im “IQ Japun
sizak jo Joquinu fue uioqio) pue ‘sjuswded Lj1eaf £q sjqeded “Lynuue punod suo juism SMIYJ YOI AN
Msd g ¥ 4

:




Intereft. 323

Chap. XLI.

=

6Logt 6

+orgoes

TABLE

1zEgz 618506L | Sggttigg| Lolootig 892Tg 1S [ ehSLS Lt | goggSiot| of
$6596'Co11£S5gELg| 0gbtg €L | 1LecEzg|Eolet LS| 62996 es |ogo1bigt Sgg1T ST ¥raolgt| €2
mwmmm,m@ 69L6g‘og | 1182589 mmwoﬁnmm EEE60°ES | 854966 | Egube gt | 2ol Er| 1z150LE z
LloSEilg lzglob b L] LLS0L'Eg | E16gg“hS |z 11L0S | 12hgotly |gobSLtt | Cgboliot | eEF+ECSE| Lz
127 ¥56464 m&@m@ﬁmm gEQS 165 | SFEr11S|Sqo LS L | SLr1E bt [or1E1Eat |#0E5SgE { 160L9°€E]| 9z
b6So1°€L |vobbz€g | 1SPgghS |orLelily | 1eSgShH | 16STgc1¥Y9gbv6gEe | ge65+gE tofofozE| Sz
9L¥gléiqg | Logli*gS | gSS18°0S | oozoSHY |0zbg9 1Y | 09z g0 6L | £5999°QE | gzt e {ggizviof| ¥z
0€€6gcg | F1gEPeES Mmmwwnm¢ grot¥irt|Eolt 6l mmn_@«.@m 1909v €| gae st el {gbkvg gzl &2
9LgS#4SE | ¥LS006F | b6Tz6lty | 125050 { gE€0E QL | LOLFTPE | 0bgzE et | gLgE S ot m@wwm,hﬂ (44
vzt oS |gi1Sogh¥ | ELTO6°6E [Szb1LliSE 1 1EgLE€E | 0vbgb 1€ | L¥bgT ol |bYglgigr {2EtglSe] 17
9619LSY |6¥S66%% | 6558LE | S6590 €L | zh1LE41€ | g0gLlLlOz| ggblzige| Lfolgigz | LELbT vz oF
gzgbbery | L6QLECLE [ 666SLEE | 006ESfE | gS€qo b |Eerlgle | g1iSEige | Lggr St |gSetgize| 61
PzoSHLE |E0H66°EE | SgSob¥ol | 6EzE1¢gT | goSigigz | 175F9 St | 6966z | +hhrtCe | 1€z1vrz]| g1
£zoSL€E fzrobgiol)ggereige| LEobg Sy 1livlibe|15469C|z0S0lier|6S1gLite|Lociotory LI
gzhzEcol |Soggg‘le | £Stlg St | 6VLSgCe |¥E61Lwe | EShegiiT] fo1Llbtor | gggSicr | 626Eg°g1| gr
- n -
rqusr) aid gl usnyaad L) qusnaid | tuinad S| anaad T4 | puanaed ¥ | 1 42d 2 € ‘Wusn)4ad T | tuapaad Ti s ev X

wnuue 42§ ‘14322 h_-ﬂw pue ¥ ...nw g .A._.m._w “p

o LI G 0 I

CEE ME ST om0y “sared

533 jo Kue 3 paindwod Suiaq yasaun punodwiod “wiial Y3 Jo pua I Iv 0 junowre [IM €19 Iapun
steak jo saquuinu Lue wioqioj pue ‘sywdwded Apzvaf £q ojqeded “Symuue punod suo Jeym smary UI1Y Ay

]
-8




Compound

324

Chap. XLL

29S05<ggL|1€6¥LSgz|1SE¥Léz17|9T00L 651 L66¥qgL 1]6E6T0c 171 hwu glLeSorlggbriczl thw;h 54
Sob¥6gSE(Sgoz1¢ggz|EogSL6b1| oty 11STIrgE161E1|gge1t SIn|EEgEe IOT 1hgtocbglogzosyg| T
10£85°62€|0Sg L L Lhz|gS LoS Lg1{FEEO6 Ty 1[oYg Lz Se1]gte10‘0T1|E0atgib |6gEgY iy L¥6S1¢lg) E¥
2SSt ol |rrefgole|SSoS6SLr|SL1Ee SE1|6Ltz6¢gr1]ogb1gtor|LiELogieb [ocfro‘eglcrrgg hg| <
yo18L087[L5609F12|g9LF0Sq1|9LbEg Le1[bggtgiru {FEi9rg 66 |¥Sb60Sgg of£€gg‘gLlzoo1gzg| IF
25950657 |115£9%661 mmheh#mm LL66LcoT1 ﬂmamo:‘bm mmmﬂonmm- geoSS4rg lgeroteSLligbroviog| of
cz 146887 |6z0tg Sgr|orgSoShi|zoSbo b t|etbgrirorSi160t¢ob |16heliog |Cebbe‘ellbelEeigs| 68
S6S1€¢077|co195 L1 12ho6:SE 115560 Lot 1zgf1¢gh [PE0LO S Jo6gro Ll |S+651469/PbY 11! g€
z€olo€oz|orLEE0g1|ziggziler|Figzg 1ot 1vot1b [Strolig |LgL5H<EL ﬁiimm gebEoshsl LE
Srzor¢lgi|ovE16cgha|igoz1611|zEgEg:S6 [L6Sg1¢g [1€86SLL [oglootol |FOSLe EgILEV661E| of
0891£°2L1]0g0f 74l 11gL¥E b 111{1€02E 0 {z996F°1g [£22SgCL 10¥4g°gg |gozgbiog|ghto66] SE
L99tg*gSt|LLgSeigri|gLegr+o1|ghogotSy |ozofotLl |16L586g [S1ESHEg [g10ELeLSlogStosgh] +E
£goS6SH1|EFEE6 gr|L1EFELO [LLEgocog [€2gSLel |€560z¢gg [1e1hE Cg ¥gllo*SS|LSt11tgh| €E
+SE 124 1|S1g17011|gL683°06 |£8862°SL (ST90q‘gg |LP10Lieg [0SHEECLS IglzosieS|Colzr vy &
LgS+E€T1(tot Lozot|ggrogetg [6LogléoL (6EcSLHg [FEQZEOS |L¥Oet VS |ggzoo‘os LALTAR 24 B ¢
‘qui) 434 Q|1uay) 4ad / “quary 434 m ‘quiry 43¢ Hn 4r) w2d =¥\ auary aad | 10y 4ad 5 E|rmanaad €l 1mapadc srEa x

wnuuy 424 ‘w2 aad g pue AR el B S S SR AR U s B
ajoy3 jo Aue 3e paindwod Sureq yosayun puncdwiod ‘wiial 3yl jo pus Iyl 1T 03 Junowe [im ‘19 Japun
s1eak jo 1aqunu Lue wioqroy pue ‘suswifed £preaf £q sjqeded ‘Aynuue punod ouo Jeym SMIYF YIIY AN

ol B G R LG L 8 P

T ABLE



325

Intereft.

Chap. XLI.

€€12ESz1| borSC1g | zge1°€ES | LEGS ESE |ogb¥ bgz | Lob6¢LEz | 6g1Sghr [PESOEqr |S1Sobin| ©Q
89ST6511 m._qomhmmw LLoozoS |ob6LSEE lg¥Losgle | LSLg ez | zS06 gqr | #EEE LS | gbegiorT | 65
15¥g‘zclo1|zzSLigol mmgﬁﬂ&.‘. ¥15901€ (£6z2°Cgz | LO6V1¢g1Z 6055181 |00gLé1ST |zT189%Lon | gS
otgziz66 | goStergq | L1S6FhE | LS1Leof |1££668T | QLOL ot |ESHy v Ly | togEeghr [ vogSHor | LS
12£q°L16 |gEbzélig|Ezegigit|egbeelge |E4L1687 | 5508601 |oogSelgr [gES1ciPI |Lg55¢101 QS
(£26°ghg | 9gz6¢SLS |07 L146E | gz1Lirlz |0g16¢Lez | t6S1¢161 | 6gtbogr | grLlogEs | $98S Q0 ¢S
PrreSgl | #gi€leS]oli6toLll | 6ELLgST [Fgtrclie | ¥Ebgegr 11gES PS1|SLET IET 1€Lg°56 | S
g1€0%gzL |Eofecros | £8L66FE [ 06675tz lgglrigre | €158 Lx foghE gt | 14¥E%er | Lo1g'eh | £
€SzE<1/g |0SoS Lot | #1828zt | 29S8 e |gF Lo b | Lygrlgr |efqfiet1 | zgbgt1er | toLo‘cl | 2§
grlg‘ozg oem?mW 195L¢0€ | ¥S1g8Ort [LSES Lgr | 8ELL 65T | 28591 | gogrLry |o1leilg | 15
zoLL€LS | 6gzSiqot | 65EE 06T | 0ghEe6oz [0€0S4g L | 1L99TST | 6L66%E1 |6gbLiert ;¥6L5Yg | oS
Lz#E08S |0666:gL8 | ¥956¢cLt | Lorh @bt [¥6Sg0g1 | LEEG ST | 8109*Sz1 | goFSégor |gorbeig | 6F
zzE106% | 1042°€5E | SFgSgSz | ¥Szo*QRT |6485¢1g1 | 2E9e 61 | £g9E 0z | ¥goF For | SESEOL gt
200625t |$Pze62E | ggboite | FO114QLT [gelg€St | +SH0cEr [01SESTT | 5968 001 | TL1g9L Ly
19zh¢g1d | 915490t [ 1805°9TT | 2589°89T [zgbotgr | 9olgigzr |ovgh orr [ ST0S4g6 gotEtL gF
squrry 4ad gl quaryaad L | quanaed g | 1uenaad S iy asd 3t | ruanyaad b | 11 4ad $€ | rauanaad € | (i naade | ssea x

apay3 jo Lue e p

winuny 434 *quzr 4sd g pue L ‘9 °§ ¥ b S € ‘¢
smndwos Suaq yaiayur punedwiod “wrd) Yl JO pua Y1 IE 03 JUNOWE [[IM “Ig Japun

‘um 0} ‘sajel

siead jo Joqunu Lue usoqioy pue ‘sjuowfed Aieaf £q sjqeded “Aynuue punod ouo JeYM SMIYJ YIIY AN
; ‘1T 37194V L

705"




226 Compound Chap. XLIL.

765, The Ufe of the preceeding Table TI. :

ProBLEM 4. The Annuity, Time and Rate being given, ta

find the Amount, A
Example, 1f an annuity of 20/ payable by yearly payments

for fifteen years, be all forborn or unpaid until the end of the
faid term, what will it then amount to, upon a compution of
intereft upon intereft, at the rate of 6 per cent. per annum ?

. In the column which has (6) the rate at the head of it, and
on 2 line with (15) the time, you will find (23,27597) the
amount of an annuity of 1/ for the given time at the given
rate ; multiply that amount (23,27597) by the annuity (20)
and the produét (465,51940) or 465?. 105, and 4 1d. will be
the anfwer, View the following operation, '

23,27597
20

- 465,51940

706. ProBLEM 5. The Annuity, Amount and Time being
given, 1o find the Rate.

Example. A perfon who had an annuity of 20/, fuffered it
to be in arrear for 15 years, and at the end of that time re-
ceived 465 /. 105. 4 4. in full payment ; at what rate was
compound intereft allowed him?

Divide (465,519, &'¢.) the amount, by (20) the annuity,
and find (23,275, &¢.) the Quotient or the nearet number to
it, on a line with (15) the time ; fo fhall (6) the number at
the head of the column be the rate required ; exaét, if the
Quotient be exactly found in the Table, or nearly fo, if other-
wife.

707. PROBLEM 6. The Annuity, Amount and Rate being |

given to find the Time.

Example. In what time will an annuity of 20 /. amount to
465/ 10s. 4 1d. allowing compound intereft at 6/ per
L£ent.

Divide (465,519, &) the amount, by (20) the annuity,
and find (23,275, &%.) the Quotient, or the number neareft
to it, in the column under (6) the rate ; fo fhall (15) the num.
ber ftanding in the left-hand column, even therewith, be the
time required ; exad, if the Quotient be exaltly found in the’
‘Table, or measly fo, if otherwife, |

1 - 708y
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708. PROBLEM 7. The Amount, Time and Rate being given,
fo find the Annuity.

Example. A perfon received 465/ 105. 4 1d. in full pay-
ment of an annuity, which had been 15 years unpaid, and was
allowed 6 L. per cent. compound intereft: ‘What was the annui-
ty !

}Fln the column which has (6) the rate at the head of i, and
on a line with (15) the time, you will find (23,27597) the
amount of an annuity of 1/, for the given time at the given
rate ; by which divide (465,519, &¢.) the given amount, and
the Quotient (20) will be the annuity required.

. 709 When a fum of money is due at a time to come, and
it is required to know what it is worth in ready money, rebate
being made at a given rate of compound intereft, the Work
will be the reverfe of Art. 6g2. viz. there muft be found a
Geometrical Progreflion whofe firft term is the money propofed
~ to be rebated, the fecond muft decreafe or leflen from the firft,
the third from the fecond, &7¢. in fuch manner or rate 2s 100
decreafes from 105, (or as 100 from 108, if the rate of inter-
eft be 8 per cent.) then if the progreflion be continued to a
number of terms, more by one than the number of years in
ueftion, the laft term will be the required anfwer : So if
364,651875 L. be duc at the end of four years to come, it will
be found to be worth in ready money 300/ rebate being made
at compound intereft at 5 per cent. as by the four following
proportions is manifeft. See 472, 692. .

34752875  * 330,75
330,75 : 315

364,651875 : 347,2875
105 : 100 ::{
315 : 300

ro. Upon this ground the following Table III. is calculated,
to ?htw what one pound due at the end of any number of years
¢o come, is worth in prefent money, rebate being made, at the
rates of compound intereft, mentioned in the faid Table; by
the help of which, and of Multiplication, Queftions of Rebate
for any fum propofed may be performed without confiderable
eror.

Y 4 TABLE
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711, The Conflruilion of the preceeding Table.,

The numbers 1, 2, 3, 4, &7, to 60, (in the firft column on
the left-hand) fignify years; the numbers 25 35 35y 4> 455 5 6,
7> and 8, placed at the head of the reft of the columns, exprefs
rates of intereft for 100/, lent for a year, and the numbers fet
in the feveral columns under thofe rates of intereft are a rank
of the negative powers of the fame numbers, of which the
numbers in Table I. were the affirmative powers ; and there-
fore from Art. 419. it is evident that the numbers in this Ta-
ble are the Reciprocals of thofe in Table T

712. Let it be propofed to calculate the numbers in the
column of 5 per cent. Divide unity by 18,67919 the laft num-
ber in the column of per cent. in Table I, and the Quotient
(0,053536) will be the laft number of that column in this

able ; or the prefent worth of 1 /. due at the end of 6o yeais :
The remaining numbers may be found by multiplying conti-
nually by 1,05 as in Table I,

The num-

fent worth
of 1/ due
at the end

016l9°g1
1
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The following is the procefs neceflary to compute the three
laft numbers.
I

._Tﬂ ,053536 = 18,67919

Add. o696 = +,053530 X 0,05 ==kl ,052526

Sum ,056212 = ,053536 X 1,05 -

Rdd " 2811 = 056212 X 0,05 = X 5056212

Sum ,059023 = ,056212 X 1,05 -

Add 2951 = ,059023 X 0,05 = ;5 X ,059023
001974 = ,059023 X I,05.

713. The Ule of the preceeding Table I11.

ProereM 8. The Amount, Time, and Rate being given, to
find the prefent Worih.

Example. How much prefent money will difcharge a debt

of 356 /. payable at the end of Z years to come, and allowing
» b per cent. compound intereft !

In the column under (7) the rate, and on a line ‘with (7
the time, you will find (, 622?50} the prcfent worth of 1/, due
at the end of the given time at the given rate ; multiply that
prefent worth (,622750) by the given amount 5_356) and the
produ& (221,699 or 221 /. 14 s.) will be the prefent worth re-
quired.

714. The method of finding the prefent worth of an annui-
ty, may be explained by the f'ullnwmg Example.

Let it be required to find the prefent worth of an annuity of
347,2875 1. to continue 3 years, allowing compound intereft at
5 [, per cent.

Now the prefent worth of 347,2875 /. due at the

end of 1 year will, by Pgﬁb?ﬁ Ee e } 330,75
And the prefent wurth of 34?,23?5 due at the end

of 2 years, will be — } 315
Alfo the prefent worth of 34;}23"5 due at the endy . o

of 3 years, will be — — } S0

347,2875 to continue three years will be their

Therefore the prefent worth of an annuity of
}945 '

775:
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15. Hence it will be' very eafy to perceive that the follow-
ing Table IV, of the prefent worths of annuities of 1 /. may
be compofed of the fucceffive fums of the numbers in Table I11.
in a2 manner {imilar to that of compofing Table II. from Ta-
ble I. wiz. the firft number in every of the columns (except
the column of years) in the following Table IV, is the fame

with the firft number in the like columns refpettively in the

preceeding T'able III. the fecond number in each of the faid
columns of the fourth Table, is the fum of the firft and fecond
numbers in the refpetive columns of the third Table ; the third
number in the {aid columns of the fourth Table, is the fum of
the firlt, fecond, and third numbers in the refpective columns
of the third Table: Or, yet more eafily thus, the third num-
ber in the fourth Table, is compofed of the third in the third
Table, and of the fecond in the fourth ; the fourth number in
the fourth Table is compofed of the fourth in the third, and
of the third in the fourth ; the like is to be underfiood of the
reft. But you are to obferve, that according to this method of
compofing the fourth Table by Addition, the numbers of the
third Table muft be continued to more places than are there

exprefled, to prevent errors arifing by the addition of defetive
Becimal Fra&ions.

TABLE

S AT T
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716, The'Ufe of the preceeding Table 1V,
. ProB. 9. The Annusty, Time and Rate being given, to find
§ts gr{ﬁnf orth.
xample. What is the prefent worth of an annuity of 561

per annum, to continue 21 years, allowing compound intereft
at 6/, per cent, per annum?
~__In the column under (6) the rate, and on a line with (21)

the time, you will find (11,76408) the prefent worth of an
annuity of I/, to continue the given time, at the given rate:
Multiply that prefent worth (11,76408) by the annuity (56)
and the produt (658,78848, or 658/ 155, 9d.) will be the
prefent worth required.

717. ProB. 10, The Annuity, prefent Worth, and Time being
given, to find the Rate.

Example. A perfon fold an annuity of 6/, to continue 21
years, for 658/. 155, g d. at what rate was compound intereft
computed ?

Divide (658,78848) the prefent worth, by (56) the annuity,
and find the quotient (11,764, &%.) or the neareft number to
it, on a line with (21) the time, fo fhall (6) the number at the
head of the column, be the rate required ; exa&, if the quo-
tient be exaltly found in the Table; or nearly fo, if other-
wife,

718. PrOB. 11. The Annuity, prefent Worth, and Rate being
given, to find the Time.

Example. A perfon bought an annuity of 56 . at 6/, per cent.
compound intereft for 658/ 155 gd. how long was the an-
nuity to continue?

Divide (658,78848) the prefent worth, by (56) the annuity,
and find the quotient (11,764, &%) or the nearet number to
it, in the Table in the column under (6) the rate; fo fhall (21)
the number ftanding in the left-hand column, even there-
with; be the time required; exat, if the quotient be exactly
found in the Table ; or nearly fo, if otherwife.

719. PrOB. 12. The prefent Worth, Time and Rate leing
given, to find the dnnuity.

Example, What annuity or yearly income, to continue 21
yzars, can be purchafed for 658/, 15 5. gd. allowing compound
intereftat 6 /. per cent.

In the column under (6) the rate, and on the line with (21)
the time, you will find (11,76408) the prefent worth of an
annuity of 1/, to continue during the given time, at the given
rate; by this divide (658,78848) the given purchafe-money,
and the quotient-(56) will be the annuity required.
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720. But farther, the numbers of the faid fourth Table will
at firft fight thew, how many years purchafe an annuity to con-
tinue any number of years under 61 is worth, to be fold for
prefent money, compound intereft being computed at any of
the faid rates. So if you defire to know how many years pur~
chafe an annuity iluing out of lands for 21 years, to begin
prefently, is worth, if it were to be fold for ready money, when
the current rate of intereft is 6 per cent. Seek in the hrft co-
lumn of Table IV, for 21 years, and carry your eye from
thence cquidiftant to the head-line of the Table, till you come
under 6, which (as before has been faid) fignifies 6 per cent,
So in the fourth column you will find 11.76408, whereof you
need only confider 11,76, which fhews that the faid annuity is
worth 11 years purchafe (or 11 times one year’s rent what-
ever it be) and 76 parts of one year’s purchafle divided into
100 parts, or 113 years purchafe and little more. The fame
annuity, when money was at 8 per cent. was worth 10 years
purchafe, and about L part of a year’s purchafe more, as the
number in the column of 8 per cent. right againft 21 years will
difcover. _

721. As it would be too operofe to make Tables toall times
and rates, the ufe of thefe may be rendered more extenfive, by
following the methods, delivered in the following Auxiliary
Propofitions. |

722. Pros. 13. auxiliary to Pros. 1. and 8.

s find the Amount, or prefent Worth of 1), for a pumber of
gears greater than 00, at any rate of Compound Intereft, [fpecified
in the Tables. g

Example. What will 1/, amount to, in 100 years, allowing
compound intereft at 5 /. per cent. ?

Find in the lefc-hand column of Table I. two or more num-
bers (fuppofe 51 and 49) whofe fum will make (100) the given
number of years. Then multiply (12,04077 and 10,92133)
the numbers correfponding to them, in the column under ()

the rate ; {o fhall (131,50125) the produé, be the number re-
quired. '

‘The reafon of this procefs will be evident from Ar¢, 414.
The prefent worth will be found in the fame manner by
taking the numbers from Table I1I, -

723

=L T e e
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723, Table V. austiliary to Table L. dnd Table II1.

'Z;f!{.'.l:"f_:ﬂ?f 3 ng'"{_jmi_.' .f.—_ per Gi.|4 per Cent. [ 4 Pe:rCr.

1.Quarter ’:,co4g&3 1,007417|1,00863711,00985311,011065)
2 Quartersl1,009950/1,01488¢l1,017349|1,019804]1,022252
3 Quarters|1,07446311,022416{1,026137|1,0268521,033504

5 perCent N6 per Cent.|7 per Gent. 8 per Cent.

IZerter 1,012272{1,014674}1,017058 [,9#9426
2 Quarters|1,02469511,029563|1,034 408 1,0292 30}
3 Quarters|1,03727¢C 1,044671|1,052053|1.059419]

724. The foregoing Table contains the amounts of 1/ for
I, 2, and 3 quarters of a year at the feveral rates therein
mentioned, being feverally three mean proporticnals between
and the amount of 1 /. in I year at thofe rates : They are found
by the method directed in Art. 550,

725, f"npﬂ. 14. auxiiiar}f to PRGE. 1. and 8,
Do find the Amount or prefent Worth of 11, for Years and:

Quarters of a Year, at any Rate of Compound Intereft [pecified
in the Tables.

Example. What is the amount and prefent. worth of 1/ for
143 years at § [ per cent. compound intereft ? '

}ind by Table I.- the amount (1,979932), or by Table III.
the prefent worth (,505068) of 1/ for (14) the number of
years' given at (5)the given rate.  Find alfo by Table V. the
amount of 1/ for (3) the number of quarters given (viz.
1,037270): Then if the amount be required, multiply ; or if
the prefent worth be required, divide the former by thelatter ;
and the produét (2,053724) will be the amount, or the quotient -
(,487499) will be the prefent worth required ?

_ 726. PRoB. 15. auxiliary to P’RoB, 4.2and'g,

Do find the amount or prefent Worth of an Annuity of 1). to
continue @ number of Years greater than 60, at any Rate of Com-
pound Intereft [pecified in the Tables,

Example, What is the prefent worth of an annuity of 1/
to continue 100 years, allowing 5 / per cent. compound in-
tereft ? < rby

From the given years (100) take 60 the extent of the be-
foregoing. Tables ; and with the remainder (40) entering

0 . Z 3 Table
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TableIV. Find {:?,Isgo?) the prefent worth of an annuity,
to continue that number of years at the given rate: Multiply
this by (,052536) the prefent worth of 1/ due at the end of
60 years found in Table III. and to (,91883) the produét add
(18,92929) the prefent worth of an annuity of 1/, to continue
60 years, found in Table IV, fo fhall the fum (19,84812) be
the prefent worth required.

727. The reafon of this procefs depends on Art. 564. For
if the fum of 40 terms of the Geometrical Progreffion in
Table IIL. beginning at the 611t term, be added to the fum of
the firft 60 terms ; the total will be the fum of 100 terms, the.
number required.

If the amount be required proceed in the fame manner with
the numbers in Table I and I, | j s, ,

P

y28. Table VI. auxiliary to Tables II. and IV.

Payments

Half yearly
Quarterly

Payu.ents

Half yearly
Quarterly

2 per Uent.

3 per{;.enr.

35 per Ct.

4 perCent.

43 perCry

1,004975
1,0074.6g

1,007445
I,OTIIBI

1,008675
1,01303I

1,009902
1,014877

1,011126
1,016720

5 perGent.

6 per Cent,

7 perCent.

8 per Cent.

1,012348

1,014781

1,018559

1,022227

I,017204

1,025880|1,02951g

1,019870

The numbers in the above Table are computed by a Theo-.
rem, given by the jultly celebrated Mr. De Msvre, in his
“T'reatife of Annyities on Lives, which the Reader who under-
ftands Algebra may confult; but as it cannot eafily be ex-
plained without that art, the manner of its conftruétion muft
be here omitted. | S A RO e

729. PRoB. 16. auxiliary to PROR. 4. and g.

The Amount or prefent Worth of an Anmnuity of 11. payabls
by yearly payments, for any number of years, at anmy rate per cent.
_,_ff)a;.-'/ﬁed in the Tables, being given s to find what the Amount or
prefent Warth of the fame Annuity would be, if it were payable by
equal half-yearly or quarterly Payments, '

Example. What is the prefent worth of an annuity of 1/
per annum, payable by equal (half-yearly) payments, and to
continue 41 years,allowing compound intereft at 5 per cent. 2

Multiply
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Multiply (17,29437) the prefent worth of the annuity pay-
able by yearly ;)aymenta found in TableIV.by (1,012348)
the number which, in Table VI, ftandson a line with the
word (half-yearly) and under (5) the rate; and the product
(17,507918) will be the number required.

730. PrRoB. 17. auxiliary to PRORB. 2,3, §s:0: 10, and 171,

IWben the Time or Rate cannot be exaéily obiained by the Tables,
1o approach nearer to the truth therein,

Fxample. At what rate per cent. compound intereft, will an
annuity of 1/ to continue 8 years, be now worth 6 /. 105, ¢

Find in Table IV, on a line with (§) the time, the two near-
eft numbers to (6,5) the given prefent worth; which in this
cale will be 6,59589, the prefent worth of fuch an annuity
at 4% per cent. and 6,46321, the prefent worth of the fame
at g per cent. the firft exceeding the given number (6,5) by
,09589, and the latter being ,03679 lels than it. And the
difference of the faid tabular prefent worths 6,59589, and
6,46321 being 0,1326g ; ufe the following proportion. '

As (,013208) the difference between the tabular prefent

worths,

To (,5) the difference between the tabular rates, viz. (§—41)

So is (,09589) the difference between the tabular prefent
worth at 4% per cent. and the given prefent worth,

To (0,3613) the difference between the tabular rate 4% and

, the required rate,

Then to the tabular rate 455
Add the refult of the proportion 0,3613

‘The fum is the rate required nearly 4,8613 0r 4/ 175 214,
The fame manner of proceeding will do in any other cafe,
. nutatis mutandis,

»31. Ifany queftions fhould arife, in compound intereft, at
different rates from thofe in thefe T'ables, the method of their
folution will not be difficult to a Reader, who underftands the
management of Geometrical Progreffions, as taughtin Chap. 35.
and knows how to ufe Logarithms.

But, if that be wanting, or if fuch queftions frequently occur,

it will be beft to make Tables for that rate, in the manner of
the above.

732. PRoBLEM 18. To find the prefent worth of the Rever-
fion of an Annuity 5 baving given, the Annuity, Time of com-
men¢ing, Duration, and Rate.

Z 4 Example,



344 Compound "Chap. XLI.
Example. Havinga leafe, for 7 yeats to come, of fome lands,
by which I clear 32 /. per annum, and being defirous to add 21
years to the fame, in order to make my whole time therein 28
. years; what fine ought I to pay to my landlord, allowing 6/.
per cent. compound intereft ? - R
Find per Table IV, the prefent worth of an an.
- ‘muity of 1/, for (28)" the whale durafion of 13,40616
the intended annuity or leafe, viz.—. R, W .
Alfo find by the fame the prefent worth of an%‘ .

annuity of v/, for () the time before the re- & 55823
verfionary leafe commences, wiz. - :

=

Then fhall the difference of thefe prefent worthsy -
be the prefent value of an annuity of Ik fur} 7,82378
21 years to commence at the end of 7 years.y ~ = "

Which being multiplied by (32) the given an- g
nuity, will produce the fine rfquired—-u—---——«} 2503010

733. Bifbeps, Deans and Chapters, Heads and Fellows of
Colleges, &c. follow certain cuftoms;. which have been ufed
from time immemorial, in afcertaining the fines for the renew-
ing of leafes, held under them, = : a=n

#34. The moft general of thefe cuftoms is, to take one
year’s improved rent, as a fine, for renewing, that is adding,
©# years, to 14 yetto come, of an oldleafe of twenty-one years ;
which is allowing the tenant about 11,56421 /. per cent. com-
pound intereft for h?s money. e M b

735- The following Tables are calculated to fuit this cuf-
‘tom, upon the fame principles as Tables III. and IV. and s
to be ufed juft in the fame manper.. | i

TABLE
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P —
T
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| TABLE VIL

| Shewing the pre-

fent worth of
1 /. due at the

. ;
TABLE VIIL |

Shewing the pre-
fent worth of

an annuity of|

£ | endofthevears| £ | 1/ tocuntinue
52 | therein fpe- & | any number of |
cified, at e ears therein
11,56421 1/ per fpecified, at |
cent.compound 11,564211, per
gnteredl. cent.compound |
; intereft.
1| © 89634 ¢ 0, 89634
2| 0, 89343 2 | 1, 69978
3 o, ?EGIS 3 2, 41003
4| ©, 64551 4 |' 3, 06544
% 0, 57860 5 3, 64404
"6 ). © 51863 6 | 2, 16266
L7 ] 046484 . | 7 | 4y 62752
8 0, 41068 8 5, 04420
9| © 37349 9 55 41769/
- I0 0, 33477 10 5y 75246
11 0, 32007 II 6, Q5253
12 | 0, 206897 12 6, 32150
13 0, 24109 13 6, 56259
.14 0, 210610 14 6, ?.?Sf;q
15| 0, 19370 15 6, 97239
I 0, 17362 16 7 14601
17 0, 15562 17 7y 30163
18 | 0, 13949 18 7s 44112
19 0, 125073 19 7, 56616
20 | 6O, 11207 20 7, 67823
21 0, 10046 21 7, 77869

345
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#26. The Ufe of Table VIII,

Lueft. 1. If a College-tenant has % years to come or unfpent
ina leafe of lands for 21 years, at 1/, yearly rent, and defires
to have 14 years renewed or added to thofe feven years, and fo
to take a new leafe for 21 years to begin prefently, what mauft
he pay for a fine? Anfw. 3/ 3. od. :

TheRule for finding out the anfwer of the queftion pro-
pofed, and fuch like, is this, piz,

From 7.7786¢ (being the number which anfwers to 21 years
in Table VIII.) always fubtra®t the tabular number which be-
longs to the number of years to come or unfpent in the old
leale ; fo the remainder will thew what fine muft be paid for
the years to be renewed or added, to make thofe unfpent years
in the old leafe to be 21 years compleat again, at 1/, yearly
yent.

So ta folve the queftion propofed.

From the prefent worth of 1/, yearly rent for 21 } 86

years which is o0

Subtract the prefent worth of the fame rent for ?} Gosin
years, (that were unfpent in the old leafe)— .y 49275

_.n—-._..'—

And there will remain the fine fought, to wit, 3. 15117

That is to fay, 3.15117/ or 32 35 0id. muft be paid as a
fine, for renewing or adding 14 years to 7 years, that were un-
fpent in the old leafe, the yearly rent being 1 /. Alfo the faid
3.15117 {hews, that fuch a renewal is worth 3 years purchafe,
and %% parts of a'year’s purchafe (whatever the rent be.)

Queft. 2. If atenant that has 17 years yet to come in a leafe
of lands held of a College for 21 years at 50 /. yearly rent, be
defirops to renew 4 years, and fo make thofe 17 years to be
21 years compleat again at the fame rent, what muft he give
forafine? Anfw.23/L 17s. 24d. 1f. For according to the
Rule before given,

From the prefent worth of 17, yearly rent for

21 years, _
Subtract the prefent worth of the fame rent f'-:rr} Bt
17 years (that were unfpent in the old leafe) 7-30103

And there will remain =~ —— ——— 0.47706
Which multiplied by the rent — 50

=

} 23.85300

} 777869

The product will be the fine fought, to wit 231
175 cd. 3f. — :

737
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Tuteref?, 4%

n37. From Table VI, by working as in the above Examples
may be deduced the following Table IX. to thew without any
operation the fine to be paid ona leafe whofe improved rent is

o

afe.

P T TABLE X

Shewing what
fine ought to be
paid for adding
any number of
years to a col-
lege leale in or-

Years to be addcd;

fame 21 years
compleat,
0, 10046
0, 21253

0, 47700
63268

der tomake the |

0, 33750 =

o, 80630
I, 00000
I, 21600
I, 45719
10 1, 72010
& 2, 02623
12 | 2, 36100

O 00=Y MR N
(o)
il

13 25 73449
14 3 Is5117
15 | 3, 61603
16 4, 13465
17 4, 71325
18| 5, 35876
19 | 6, 0789r1
20 | 6, 88234

11, per annum, OF rather how many years purchafe fhould be
Ewen for renewing, at any time before the expiration of the

The ufe of this table will appear
by comparing it with the two Ex-
amples in Art. 736. In the firft of
them, 14 years were to be addedj
and the anfwer 3,15117 will be found
in this Table againft the number 14,
In the fecond, 4 years were to be re-
newed, and the fine to be paid for a
rent of 1 1. per annum, viz. 0,47700
will be found in this Table againft
the number 4.

%38, Queflions to exercife the preceding Tables.

1. If the leafe of an houfe beworth 153 /. fine, and 16 /. yearly
gent, payable yearly for 21 years, and the lefce be defirous to

i

bring



w48 Compound ﬂ:ferg/?.- Chap.-XLIF-_
bring dowd’ the finé t6 o'k dnd fo'to pay’ the more renty the
queftion is'what rent thé testant fhall pay, accounting com="
pound intereft at the rate of 8§ per cent: per amium? Anfw.

26l 55,8 4. ] '

. Firft, find the differencé between the fines, which is 103 L

Then by Prob. 12, feek what annuity or rent to continue ZT1.8

years, 103/, ready money will purchafe at 8 per cent. fo you will
find 10/. 55, 8 4. which being added to the old rent ¥ L gives
26 /. 55, 84. which the tenant muft-pay, to the eud that the
fine may be diminifhed to 5o/,

2. There is aleafe of certain lands to be Ieti:-fdr'l.:g.. years for

250/ fine, and 441 rent per annum, payable yearly 5 but the -

tenant is defirous to pay lefs rent, wiz, 20 pounds per amium,

and.to give a greater fine ; the queftion is; what fine ought -

to be paid to bring down' the’ rent to'30 / pér anmum, account-

ing compound intereft at the rate of 6 per cent. per anpum2

Anflw. 473/, 15, 7.4. |

Firft find the difference bétween the rents, which | is 24
pounds per annum. Then by Prob. 9. feek what an annuity
or rent 24/, per annum, to continue 14 yedrs, is Wworth in

ready money at 6 per cent, per annum, fo you will find 1'2,3 L'}

X s, 7d. which being added to the firfk fine 250 pounds,  gives

4731 15.7d. which the tenant muft pay, to the end that thé

rent may be brought down to 20 L per annum. .
3. What annuity to continue 13 years will 1 99 /. due

9 years hence purchafe, compound intereft being allowed on

both fides at 8 per cent. per annum ? Anfw. 1264105, 43d.

By Prob. 8. the prefent worth of 199g)/. due-at-the end of 98

years is 1000/

And by Prob. 12. 1000/, will purchafe an annuity of 126 L, :

X0 4. 43 d. to continue 13 years,

“CHAP, B

=, Ir-_,_'.'u wli
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CH AP XL - ;
A demonfiration of the DouBLE RULE gf"

FeLLowsHIP.

739. FFYHE double Rule of Fellowihip (commonly called
the Rule of Fellowthip with Time) prefuppofes twe
things, viz. 1. That the particular ftocks of merchants iy
company, have continued unequal fpaces of time in the com-
mon ftock. 2, That at the end of their partnerfhip, the to-
tal gain or lofs is to be divided among them, in fuch manner,
that their thares may have fuch proportion between themfelves,
as thofe fums of intereft-money have one to another, which
at any rate per cent. (fimple intereft only being computed)
might be gained by the particular ftocks, within the refpective,
times of their continuance in the common ftock: Now for
the effeting of fuch a proportional partition, the faid Double.
Rule of Fellowthip gives this Direftion, viz. divide the total
gain or lofs into fuch parts, which have the fame proportion
one to the other, as is between the producls arifing from the
Multiplication of each particular ftock by its correlpondent
fime. -
For example, fuppofe two merchants 4 and B, to be partners
in traffick, for a certain time firft agreed on between them,
and that A permits his ftock of 100/, to be employed in their
joint traffick three months, and B his ftock of 50/ eight
months; 1 fay, (according to the faid Rule of Fellow(hip with
Time) whatever the total gain or lofs be, that part of it which
belongs to 4 muft have fuch proportion to the gain or lofs of
B, as 100 %3 (or 300) has to 50x8 (or 400.) The truth
of this Rule, taking the two premifed fuppofitions for granted,
may be thus demonftrated.
1, Suppofing 100/ (the flock of #) to gain in three months
any certain fum of money, as two pounds; I feck how much
5o/, (the ftock of B) will gain in the fame time, and at the

faid rate : So find 2%5%.  For,
' 100

2 %50
As100 : 2 :: 50: T[oq b

2. Having
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2. Having found what gol. will gain in three months, I
feek how much the faid 50/ will gain in eight months at the

fameé rate; and fo I find 2X50X8 l,
100 X 3

Foras 3 : 8 :: 2X59° 2 x50 x8.
Ico I00 X 3 _ ‘
3. Thus it appears; that if 100/, in three months gains 2/

then 50 /. in eight montls will at the fame rate gain2X59%8
ICOX3 ;

fo that the proportion of the gain of Zto the gain of B; iy
As 2 isto2X50X8,

100X 3
4. If both the the terms (to wit, the Antecedent and Confe=
%t:nt) of the faid proportion be feverally multiplied by the faid
nominator 100 x 3, the produ&@s will be in the fame pro-
portion with the terms multiplied, viz. the gain of . will be
to the gain of B,

As2 X 100X 3 isto 2 X 50 x 8.

5. Laftly, becaufe 2 (the fuppofitious gain firft aflumed)
is a Multiplier as well in the Antecedent as in the Confequent
of the laft-mentioned proportion, it may be expunged out of
both ; and fo the cain of A4, will be to the gain of B in thig -
proportion, (which was to be proved) to wit,

As 100X 3 is to sox8.

CHAP.
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CHAUP XEIR

A Collection of pleafant and [ubtil Rueflions, ¥4
exercife all the Partsof VULGAR ARIT He
METIC.

»40. UgsT. 1. Ifa wedge of gold weighing 173 /. of
Troy weight be worth 6795/, Sterling, what is the
value of 1.3 grain of thatgold ? Aniw. 24.
1. 175 (or 1) of 2 of %5 of o =1 s
2Nt D AR 585 T75° :

Duef. 2. A man dying gave to his eldeft fon 2 of X of his
eftate, to his fecond fon f of £ of his eftate, and when they
had counted their portions, the one had 40 /. more than the
other ; the remainder of the eftate was given to the wife, and
younger children: The queftion is, what was the portion of
the eldeft fon, alfo of the fecond and how much did belong to
the wife and younger children? Anfw. the eldeft fon’s portion
100 /. the fecond fon’s portion 60/, and 440/, for the wife and
younger children,

The Fractions being reduced, it will be manifeft, that the
eldeft fon had 1, and the fecond {;; alfo the difference of the
faid Fractions 4%, then fay,

As TIT - 49 5. ' k- flﬂﬂ, thﬂ'ﬂﬁatea
Now % of 600 = 100, the eldeft }.F-' -
And % of 600 = 60, the fecond Eﬁ

E—— -

Their fum 160,
Therefore there remains 440 for the wife, and younger
children,

Queff. 3. A young man receives 663 /. which was 2 of I of
his eldeft brother’s portion, and 3% times his eldeft brother’s
portion was 1} times his father’s eftate; the queftion is, what
was the father’seftate ! Anfw. 560/,
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n:'h""‘
Thuj=
[ ]

£ 200 = -~ the elder bmthm s portion,
zac X 3; : 700.
As1i:700:: I: 560 = the father’s eftate.

Q{:y?.gg If ﬁcan finifh' a work in 20 days, and B in 30
days; in what time will the work be finifhed by 4 and B
working together # Anfw. 12 days.

Firft find what quantity of the work will be done bj" each
workman in one and the fame time; then it will be, "as the
fum of thofe quantitiés is in proportion to the faid time, fo ig
xor the whole work to the time in which fuch work will be .
finifhed by both workmen working together;

Days. Work; Days, Werk.
3080 d- 25020" o &
Add 3

5 Sum 1%
Hence it appears that Aand B wnrkmg together 20 days;
will finifh that work once, together with 2 of the fame work 3
therefore fay agam by the Rule of Three,

Wark. Days: Wirk. Days;
S O B

ue A Gentleman a Chaife did buy.
Q‘ i3 An Horfe and Harnefs tﬂﬂj:
They coft the fum of threefcore Pounds;
(Upon my word ’tis true;)
The H:nrmafy 5 came to half of th’ Horfe,
The Horfe twice of the Chaife :
And if you find the Price of them,
Take themand go ;,ruur ways;

Chaife——————15 /
Anfwer i Horfe 30 /.
Harnefs ~—151/

Dueft. 6. A ciftern in a certain conduit is fupplied with
water by one pipe of fuch bignefs, that if the cock 4 at the
end of the pipe be fet open, the ciftern will be filled in % an
hour: But at the bottom of the ciftern two other cocks B :zmd,
C are placed; whofe capacities are fuch, that by the cock B
fet open alone (all the reft being ﬂcrpt) the ciftern fappofed
to be full; will be emptied in 13 hour: Alfo h}r the cock C
fet open alone, the ciftern will be emptied in 25 hour: Now

becaufe more water will be infufed by the cock 4; than can
be
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be expelled by both the cocks B and C in one and the fame
time ;. the queftion is to find in what time the ciftern will be
filled, if all the faid three cocks be fet open at once ? Anfwer
1-2 hour.

*After the manner of the fourth queftion of this Chapter,
find how many timesthe ciftern will be emptied in one and
the fame fpace of time, by the cocks B and C running to-
gether ; alfo how much the ciftern will be filled by 4 in the
fame time ; then will the difference thew how much of the
ciftern is gained by the filling cock in the faid time: Laftly,
as the cifterns or parts gained are in . proportion to the cor-
refpondent time ; fo is the whole ciftern, to the time wherein
it will be gained or filled.

Hea. Cif.  Hm.  Cif.
30

| I S L A I A £
Add 1 }:;_-E‘*{B
' Sumr 3o J§ Band C

F .
Hou. Ciff.  Hou. Cift.

oot Ereispiusiag e $05(p s flleds by *la

132 cained by Ain13
Ciff. Hou. Cifi. Hou.

LIEM =g 1 Cf B V10405

Dueft. 7. Suppofe a dog, a wolf, and a lioh, were to devour
a fheep, and that the dog could eat up the fheep in an hour, the
wolf in 2 hour, and the lionin X hour : Now if the lion begin
to eat I hour before the other two, and afrerwards all three eat
together, the queftion is, in what time the fheep would be de-
voured ? Anfw. ;3% hour,

Hou, Sh, Hou. 85,
R | e e

Thus it appears that L of the fheep would be eaten by the

Jion, before the dog and wolf began to eat.

2. Proceed according to the fourth queftion, fo will you
find the remaining 3 to be eaten by them all in 2; hour, which

added to ¢ gives ;%7; hour, in which time the theep would be
devoured.

ueft. 8. If 120% L is to be diftributed among three perfons,
‘A, B, C, in fuch fort, that as often as A takes g, B thall take

"4 ; and as often as B takes 3, C fhall take 2 ; what will be
“the fhare of each of them ?

Anfw, 4512] B 412 1. C 2742

ik 21 i

Aa Find
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Find thre¢ numbers which may exprefs the proportions of -
their fhares, by the rule of Three, or (to avoid kraltions)
thus,
§is leals o 4
3 WAL S fodtie

p o
Thus found
§X3 = 15
g R QST
Wk BT ae 0H

——— 5 : $14
35 : 1204 ::'%m 8
8:27:5%

Queff. 9. A govetnor of a certain garrifon, being defirous té
know how much money the port or pailage of the gatrifon did
amount to in certain months, made choice of a loyal fervant,
giving hint.orders to receive of every coachman paffing with a
coach 4d. of every horfeman 24. and of every footman
+d.. Now at the year’s end, the fervant making ?‘:is account
to the governor, gives him g4/ 155 10d. and lets him
know, that as often as 5 pafled with coaches, g pafled on horfe-
back; and’ as often as 6 pafled on horfeback, 2o paffed on
foot ; the queftion is, how many coaches, horfe-men, and foot-
men paffed? Anfw. 2500 coaches, 4560 horfe-men, 7500
footmen, _

Find three proportional numbers after the manner of the 8th
queftion, which will be 5, 9, 15, then proceed as follows:

ds

& Coaches—- 20 .
g Horfemen—18
15 Footmen-—7 %

| : 5t 2508
IF45% : 22950 :: 4 g 4500
I5 : 7500

Queff. 10. A faltor would exchange 780/ Sterling for
double ducats, dollars, and French crowns, the ducats at 7 5. 6 4.
the piece, the dollars at 45. 4 4. and the french crowns at 6 5.
the piece, to be in fuch proportion, that X of the number of
ducats may be cqual to § of the number of dollars; and X of
the dollars equal to -2, of the crowns; the queftion is, how

| many .
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many pieces of every coin he fhall receive for his 780 pounds ?
Anfw. 6co ducatsy goo dollars, 1200, crowns.

Find three proportional- numbers (after the manner of the
eighth queftion) which will be 6, 4, 3.+ -

I 1
? & . L] L L L] - - ?-
E - ‘q - - - - - L] _?K

I . I . 1.
T = T = T8
B - Sl 4 A0 3

"Thus it appears, that fix times the number of ducats muft be
equal to four times the number of dollars, alfo'equal unto three
times the number of c¢rowns. Then make choice of three
numbers to anfwer thole proportions, fuch as are thefe, 2, 3, 4,
{for 6X2=—=4x3=3x4) with which numbers proceed -as
follows : :

2 ducats-—3-
I

o
4 crowns—Ix

—_— boser £ L

. i : 225

fayif 23 : 780 ¢ {%% : 195

. iy : 350

L. ducat. I8
$iom i Mg 1 600 ducats,
dall.

239. 1 2 195 : 0O dollars,

crown,
£y T .z 260 & 12000 Crowns.

Dueft. 11, Twenty knights, 30 merchants, 24 lawyers, and
24 citizens, fpent at a dinner 64 pounds, which {um was di-
vided among them in fuch manner, that 4 knights paid as
much as 5 merchants, 10 merchants as much as 16 lawyers,
and 8 lawyers as much as 12 citizens; the queftion is, to
Know the fum of money paid by all the knights, alfo by the
merchants, lawyers, and citizens ?

Anfwer, The 20 knights paid 20 pounds, the 30 merchants
34 pounds, the 24 lawyers 12 pounds, and the 24 citizens
pounds, _

Find four numbers to exprefs the proportions of their pay-
ments by the Rule of Three, or (to avoid' Fradtions) in man-
ner following ; fo will the proportional numbersbe 4, 5, 8, 125
viz. 4 knights paid as much as § merchants, or 8 lawyers, or
¥2 citizens, i

Aaz 4
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4- L] L] " @ -t ke a« r s
P erber Sais o ks Cm L WANTR SAEE . 16
8 L] - L - - L L & - L] L] Iz

—

320 4co-: 640 : 960

4 5 8 12
e nd ey
Thus found
& 36 sudo ot o8 =320
Tonast 8 el 8 =400
8 g o 16 =040
s x 16 x 12 = 960

Then prefuppofing that a knight is to pay 4s. proceed as
follows, viz.

20 knights. ... 4

30 merchants . . 4%

24 lawyers. ... 2%

24 citizens . . ..« 1%

fayy if123 ¢ 64 32 (4 :20
- 4%: 24
IR

r 13 ;. §

64 -

uefl. 12. A certain man with hiswifé did ufually drink out
" a velloh of beer in 12 days, and the hufband found by often gx-
perience, that his wife being abfent, be drank it out in 20
days; the queftion is, in how many days the wife alone could
drink it out ? Anfw. 30 days.

Nite, It isto be fuppofed that the hufband, in 12 of the 20
days in which he drank alone, did drink as much as in the 12
days, wherein he drank with his wife; hence it follows, that
in the remaining 8 of the faid 20 days, he drank as much as
his wife did in 12 days. Therefore by the Rule of Three fay,
if 8 gives 12, what 202 Anfw, 30. View the following form
of the werk.

: From 20
Subtralt 12

Then if 8 : 12.:: 20.: 30
2 Puefl,
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Queft. 13. A perfon dying left his widow 1780/ and 1250/
to each of his four children : He had been 25% years in trade,
and had cleared (at an average) 126 /. a year. What had he
to begin with? Anfw. 3567/ .

.
For he left to his wife =~ —— 1780
to his children 1250 X 4 = 5000
Therefore he left in all —_— 6780
But he gained 126 %! — 63x51 = 3213
Therefore he began with ~ — — 3567

Oueft, 14. Two travellers, A and B, perform a journey to
oneand the fame place, in this manner, viz. A travels 14 miles
~ every day, and had travelled 8 days before B began 5 upon the
ninth day B fet forward, and travels 22 miles every day; the
queftion is, to find in what time B fhall overtake A2 Aniw,
at the end of 14 days, _

1. Find how many miles 4 had travelled before B fet for-
ward ! Anfw. 112 miles.

Day Miles  Days  Miles
Ty T P i PR

2. Seek how many miles B gains of A in a day? Anfw.38

miles: For,
22—14=—8
Miles Day Miles Days

gz TR Bt Vgt 15 TR 2% g

Quefl. 15. There is an ifland which is 36 miles in compafs:
Now, if at the fame time, and from the fame place, two foot-
men A4 and B, fet forward to travel round about the faid ifland,
and follow one another in fuch manner, that A4 travels every
day g miles and B 7 miles; the queftion is to find in what
fpace of time they will meet again ; alfo how many miles, and
" how many times about the ifland each footman will then have
travelled ?

Anfw. They will meet at the end of 18 days from their
firft parting ; and then A will have travelled 162 miles (0~ 45
times the compafs of the ifland ;) and B will have travelled 420
miles (or 3% the compafs of the ifland.) o

Aaj o Miles.
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Miles.
From ¢
Subtra& 7 ;
. e Day. Miles. Days,
g " Al g e il i el
mult, 18 mult, 18 '
Bt 9 % 7

36) 162 (45 36) 126 (3% ‘

Dueft. 16. Two footmen A4 and B, depart at the fame time
from Londom towards Yor#, travelling at this rate, viz. 4 goes
8 miles every day, B goes 1 mile the firft day, 2 miles the fe-
cond Day, 3 miles the third day, and in that progreflion he
goes forward, travelling in every following day 1 mile more
than in the preceding day; the queftion is to know in how
many days, B will overtake 47 Anfw. in 15 days.

To refolve this and fuch like queftions, double 8 (the num-
ber of miles which 4 travels daily) which make 16, fron
which fubtraét 1, the remainder is 15, the number of days
fought.

ggz'yy?. 17. If Exeter be diftant from London 140 miles, and
that at the fame time one footman A departed from Londm
towards Exeter, travelling every day 8 miles ; another B from
Exeter towards London, travelling every day 6 miles, the quefs
tion 1s, in how many days they will meet one another, and how
many miles each footman will have then travelled? Anfw.
they’ll meet at the end of 10 days, and then 4 will have tra-
velled 80 miles, and B 60 miles, i

' : i O 8 miles travelled daily by 4,
{ 6 miles travelled daily by B,
Sum 14 miles which 4 and B to-
T gether did travel daily.
M, Da, Miles. Da. :
14: 1 :: 340 : 10 in which time 4 and B will
: meet each other,
< 10 %8 =80 miles travelled by 4. =~ '
;10 X 6= 60 miles travelled by B,

. "18. A certain footman A fets out from Londey to-
wards Liinegln, and at the fame time another footman B de-
parts from Linceln towards London 3 alfo A travels“f.'vér}r day
2% miles more than B. Now, fuppofing thofe two cities to be
100 milesdiftant o'ne from the other, and that thofe two footmen
do meet one another™ at the end of 8§ days after the beginning
of their journies; the queftion is, how many miles each will

i l}zw:'.
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have then travelled, asalfo how many miles each travelled
daily? Anfw. 460 miles, B 40 miles: Alfo A travelled 7%
miles every day, and B 5 miles,
Day. Miles. Days, Miles.
Fov e aql ace il e 00
Hence it appears, that at the time of their meeting, 4 had
¢ravelled 20 miles more than B, which 20 miles being fub-
¢tradted from 100 miles leave 8o miles, whereof the half is
4a!miles which B had travelled, therefore 4 had travelled 60
miles,
Now to find how many miles each had travelled daily, fay,
Days. Miles. Day. Miles, .

B iuabans ste: X 5
Miles,

T herefore {é } travelled { ";% -}daiiy

Bueft. 19, There is an ifland which is 134 miles in com-
pafs; now at the fame time, and from the fame place, two
footmen A and B begin a journey round about the faid ifland,
but they travel towards contrary parts, at this rate, viz, A
travels T1 miles in every 2 days, and B 17 milesin three days;
the queftion is to find in what fpace of time #and B will
meet one another ; and how many miles each will then have
travelled ?

Anfw. They’ll meet at the end of 12 days, and then A will
have travelled 66 miles, and B 68 miles,

After the manner of the fourth queftion of this Chapter, the
¢ime fought will be found 12 days.

Days, Miles. Days. Miles.
CERE e R
' “Add 17
o Days. “Miles. Days,
T il QR T DR
The miles travelled by each will be found in this manner.
Days. Miles. Days.
2 : Ir :: 12 : 66 miles travelled by 4. -
3 : 17 :: 12 : 68 miles travelled by B.

Dueft. 20. If a clock has two indices (or hands,) one of
which (to wit A4) Is carried twice round the whole circum-
ference of the dial in one day ; and the other (B) once in 30
days, and that both at once {%ewing the fame point begin to be
moved ; the queftion is, in what time they will be agan con-
joined ? Anfw. {3 day.

Aaas Day.
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Day. Circum. Days. Circum.
Tée Qi@ dpriiige. it 60
fubtradt. 1

Hence it appears that in 30 days .:qu will have run through
60 circumferences, and B one ‘circumference only in the fame
time 3 fo that A gains of B 59 circumferences in 30 days, fay
therefore

Circum. Days. Circum. Day.

| §G' =d (30 250X nso £y :
RQuefl. 21. 1f6/b. of fugar be equal in: value to 70, of
raifins ; 5/b. of raifins to 2 /b. of almonds; b, of almonds

to 5 /b, of currans ; 2 /. of curransto 18 4. how many pence
are the value of 3/. of fugar? Anfw, 214,

g8 =R,

@ Ress AT,

].3.&.: 5(:.2.

3 §:Coi= 18 . 4.3,

I g -t Gy gr.
An{'wer;r::-c i

Quefl. 22. If 3 dozen pair of gloves be equal in value to 2
pieces of ribbon ; 3 pieces of ribbon to 7 dozen of points ;
© dozen of points to 2 vards of Flanders lace ; and 3 yards of
Flanders lace to 81 fhillines; how many dozen pair of gloves
may be bought for 28 fhillings Aulwer 2 dozen pair of
gloves, ;

K 30 e Tl ont
TR R P S Ty
2. =T T
E: g‘]_... s $,l’ 31. ;/,;'f. ﬁ v T
Yy B B8 = 4G,
Anfwer 2.

Qurft. 23. Suppofe a greyhound to be courling a hare, in
fuch a fort that the hare takes five leaps for every four leaps of
the: greyhound; and that the hare is one hundred of her own
leaps diftant from the greyhound ; now if three of the grey-
‘hound’s leaps be equal to four of the hare’s; the queftion is,
to know how many leaps the greyhound muft take before he
obtains his prey 7 Anfw. 1200 leaps.

T

R T R

T hus
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Thus it appears that 4 of the greyhound’s leaps are equal to
53 of the hare’s leaps ; and becaufe by the queftion the orey—
hound takes 4 leaps for every 5 of the hare’s, therefore the
%l‘ﬁ}’hﬁﬂﬂd in every four of his leaps gains £ of one of the

are’s leaps ; therefore fay by the Rule of Three,

O LRI L

Quefl, 24, Bought7 tuns of wine at 17/ per hogthead,
which I fell again at 15, per pint; what is the whole gain,
and how much per cent.? Anfw. the whole gain 220/ 12 5.
the gain percent. 481 45, 81d.

As T.bd, ' TTL i pXAnds L 2 4760
I puss o 0 @80T XED. 2 yo5l. 12 5
Therefore the whole gain = 229/ 124
As 4761 220,61 :: 100l : 48,2353/,

Queft. 25. If 30s. be the hire of 8 men for 3.days; how
many days muft 20 men work for 15/ 2 Anfw. 12 days.
Conditional terms 3/ 8 Men. 3 Days.
Correfponding YE 9p A:
8x3xIgx2
3 X20
Duefi. 26. If 10 bufhels of oats be enough for 18 horfes 25
days ; how many bufhels will ferve 60 horfes, 30 days? Anfwer

— IZ,

T herefore A—

50 bufhels.
B. H. "Days,
Conditional terms 10 18 20
Correfponding A 60" g
Therefore A= S0 X30X 2—5o
18 X20

uefl. 27. A man dies and leaves a legacy of goo/ to be
difpofed of among four of his relations, viz. 4, B, C, and D}
‘which legacy is to be difpofed of in this order : B isto have
twice as much as /4, and ¢ thrice as much as B, and D is
to have as much, and } as much as € ; what muft each per-
fon have?
' Suppofe A has 1 8 B Gl

Then:o B, 2 Then38:: goairs, ) 2.4 100

v e By e L2500 b 300

l-l-lriD"ig 9.453

e e et ——

i 900

Queft, 28. A merchant would beftow 220/, in cloves, mace,
and nutmegs, the cloves being at 55, the pound, the mace at

t-l‘- lliq
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11 5. the pound, and the nutmegs at 6 5. the pound ; now he
would have of every fort an equal quantity, the queftion is,
how many pounds he may havg of each fort? Anfw. 200 /.

8

5
II
6

22 0 I ;: 4400 : 20Q

The Prasf,
ib. r, L
200 at 5 amountsto ——  so
200 at IT amounts to 110
200 at © amountsto —— 60

220

RQuefl. 29. A fa&tor is to receive a fum of money, and ig
offered dollars at4s. 44. which are worth but 4s.3d, of
French crowns at 6's. 1.1 d. which arg worth but 6 s, the quef-
tion is by which coin he fhall fuftain the leaft lofs? Anfw, by
the dollars. _

' | g.. & wnd 4

§2: 1 :: 732 :14%.
‘T'hat is, in receiving the dollars every 6 5. 1.X 4. lofes 1434,
but in receiving the crowns 65 13d. lofes 154, which isa
greater lofs than 143, 4. :

Bueft. 30. A. Manchefler man buys yarn for 6 5. the'h_l}nd!e! 1
which not proving {o good as he expeéted, he was willing to
put it off again, {0 asto lofe but 6 per cent. by it ; the queftion
i, 2t what price the bundle isto be fold for? Anfw. 55724, |
' 8RN, d. d.

For as100 : (100—6=) g4 : : 72 : 67,68

RQueft. 31. 4, B, and C, put in 360l and gained 270l of

which as oft as A took 3l B took up 5/ and as oft as B tock

5/. C took up 7/ what did each gain and putin? : A
43 32 547 '
Ab ki ann iy .
Bg : oY 5.3 90} ain
is 270
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s g a9 :
.t’s_s E?D H 360 .: 90 s 120 {'um Put lﬂ' b .
Qrszﬂ':"lgﬁ:;ﬁﬁ_ . Foe
360 |
- Bueft. 32. Five merchants, viz. 4, B, C, D, and E, have
gained 2025 L. which they divide in fuch fort, that % of the
fhare of A4 is equal feverally to X of the fhare of B, Y of €, ¥
of D, L of E; the queftion is, what was the fhare of every
g‘lerchanti Anfw. 4 1621, B 3244 G 405/, D 486l E
481 o '
" Divide a number at pleafure into feveral parts, which may
be in fuch proportion as'the fhares required, and proceed ac-
cording to the {ubfequent operatien, T e R T

A2

B 4

¢s

D6 b3

E 8 : (162 for A, whereof I is 81
- : (324 for B, whereof  is 81

: (405 for C, whereof ¥ is 81 °
: (486 for D, whereof ¢ is 81
: (648 for E, whereof § is 81

As 25 120255}
Or 1: 81::

] coon - 0

2025

- 9ueft. 33 Two merchants 4 and B are in company, the
fum of their ftocks is 300/ the money of A continuing in
company g months, the money of B 11 months, they gain
200 . which they divide equally ; the queftion is to know how
much each merchant did put in? Anfw, 4165/ B 135/

" Divide 300 into two fuch parts which may be in proportion,
as 11 to g, fo will the greater part be the ftock of 4, and the
lefler the ftock of B, which ftocks being multiplied by their
refpective times, the produéts will be equal. -

11
9 11 : 165 for 4,
As 20 : 300::
COr 33 '15:;
| : g : 135 for B,
Dueft. 34. Two merchants, viz. A and B, are in company,

A put in 325 L. more then B, and the ftock of 4 continued
bt in
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in company 73 months, B put ina certain fum which is un=
known, apd it continued in company 103 months : After that
time they divided the gain equally 5 the queftion is, what each
merchant put in? Aafw. B 750/ and 4 10751,

Divide the product of the ‘difference of their ftocks multi-
plied by the time of 4, by the difference of their times, fo
will the quotient be the ftock of B, which added to 325/,
gives the flock of 4.

325X 73=24373

3%) 2437 (750 ftock of B.
Add 325

1074.ftock of 4.

DQueft. 35. Two merchants company, A put in 20/ and B
put in 8o ducats, they gained 671, 105 of which A4 took up
30/, what is the valueof a ducat? Anfw. 6. 34.

Firft, find a ftock for B, equivalent to A’s ftock, thus,

% s I To W I o e B L B

Thenas80 : 25 :: i 8=30 5 by, 24,

Queft. 36. A4, B, and C, company, and put in together
3360 L. A’s money was in three months, B’s money was in §
months, and C’s money was in 7 months ; they gained 234 /.
which was fo divided as the ] of A’s gain was cqual to I of
B’s gain, and } of B’s gain was equal to £ of C’s gain; what
did each merchant gain and put in ?

Suppofe 4’5 gain was 4/. then muft B have 6/. and C 81.
according to the tenor of the queltion, which numbers added

together make 18.  Then fay,

4 52 A’s gain,
As 18 : 234 3 {6} i [ 78 B’sgain.
Or 5: 13:: (g 104 C’s gain,
2734
Now fuppofe 4 put in 140/ then the produ- of £’s tock
and time will be 3 X 140. :

-8 3;{140:1?-3
7
Thenass2 : 3x140: ;{ ( = :)630
: 104 : (3}{140?:[(14_1840
52 A

Therefore
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Therefore if A put in 140
B put in %3° = 126

And C putin *3° = 120

386

126 : 1260 B’s,
Or 1: 10 120 ¢ 1200 ('s.

Queft. 37. A'hath L of a thip, B, C %, D %, the mafler
clears moz how much muft each owner have ? :

A mult have 60 : o
Anfwer {B' AAV SRS

Then as 386 : 3860 :: {140 : 1400 A ftock.

| vt g Sl i
A g 4 . e

Queft. 38, Thereare 7 chefts of drawers, in each of which
there are 18 drawers, and in each of thefe there are 6 divi-
fions; in each of which there are 16/ 6. 84, how much
money is there in the whole? Anfw. 12348/ ' :

For #2 x6x18 X7 =49 X2 x18 x 7=12348.

Dueft. 39. How many men muft be employed to reap 420
acres in 17 days; if there were required 34 men to reap §4
acres, in g days? Anf{w. 140 men,

For 34X9 X420 _ 140,
64X 17 |

Queft. 4o. If 1000 Ib. of beef, or pork, ferve 250 feamen 7
days, how many pounds of the fame will ferve 550 feamen g
weeks? Anfw. 19800 /2. &,

For 530 %9 X 7X1000
250 X7
Dueft. 41. If a footman travel 240 miles in 12 days, when

the days are 12 hours long, how many days may he travel 720
miles in, of 16 hours long? Anfw. 27 days.

= 1980¢c.

12 X 12 X720
Fﬂrf o x; -—._."'2-:,!_
16X240

Quefl. 42. A carrier received 42 fhillings for the carriage of
g C. weight 150 miles, [ demand how much he ought to re-
ceive for the carriage of 7 C. 3 g75. 4 /6. 50 miles, at that rate?
Anfw, 36 5. 44.

Conditional
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_ L. g M.
Conditionil terms 42 .3 i50
Correfponding A, 3 50

Therefore A= _572X50X42 — =299
112X20X3X150 20X3
Queft. 43. An ancient lady; being deminded how old fhe
was, toavoid a direét anfwer, faid; I have g children, and
there are three years between the birth of each of them; the
eldeft was born whien I was 19 years old, which is exaétly the
age of the youngéeft ; how old was the lady ? Anfw. 62 years;
Quef?. 44. There are 100 ftones whichi lie three feet or one
yard upon the ground one from the other, and there is one em-
plcged to gather up the ftones one by ene, and bring them to a
bafket which flandeth 3 feet from the firft flone; how many
yards of ground muft he go backwidrds and forwards in all; be-
fore he hath brought the laft ftone to the bafket ? 1
l-n'theanfwér to this queftion may be obtained by 4rt. 5364
us, | _
To fetch the firft flone he goes 2 yards.
To fetch the 100th , ., , 200 ditto.

- Sum of the gréateft and leaft terms 242
Multiply by 100 the number of terms,

Divide by 2) 20200

Anfwer 10100 yards.

Quefl. 45. Lent 109 guineas at 4 per cent. which; by the
18th of Auguff 1740, vvas raifed by the intereft to as many
moidores, wanting 25, 64. on what day did the bond bear
date! Anfwer Fuly 7, 1733.

Iog moidores = 1497 : 3:0
B

deduét
remains I47 : 0:.B
I0Q guineas e
intereft g iz B
/. D A

Conditional terms 100 . 365 einedl
Cortefponding 114,25 . A~ . 32,578

' A o

& -:pl "'lz‘ P - =

Therefore A =190 X 2°5X32,575 2597 days,
4X114,45

Quefl,
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Queft. 46. If 2481 foldiers are to be placed in a {quard
battle, how many are to be fét in fank or in file ? Anfw. 59.
(for the fquare root of 3481 is 59.)
. Duef. 47.1f 100 L being put forth for intereft at a certain
rate, will at the end of two years be augmented to 11235 A
(compound intereft, or intereft upon intereft being computed)
what principal and intereft will be due at the firft year’s end ?
Anfw. 106/ (compofed of 100 /. printipal, and 6 /. intereft)
Wwhich 106 is a mean geomettical proportional between 100
| and 112,36, e :
| That is 160X 112,36 =106 %106.

Dueft. 48. If 1061, being put forth for intereft at a certain
rate, will dt the end of 3 years be atgmented to 15,7625/
(compound intereft being computed,) what principal and inte-
reft will be due at the firlt year’s end?

Anfw. 105/, (compofed of 100/, principal; and 5 /. intereft)
which 105 is the fitft of two mean proportional numbers be-
tween 100 and 115,7625/

 Queft. 4g. Vitruvius (in lib. 9. eap. 3.) reports, that king
Hiero having given orders for the making of a_crown of pure
gold, was informed that the workman had detaisied part of the
gold ; the king being much difpleafed at the deceit, recom-
mended the examination of the bufinefs to the famous Archi-
medes of Syracufe, who, without defacing the crown, difcover’d
the chieat in this manner, vz, experience telling him that a
quantity of gold would poflefs lefs room or fpace than the
fame quantity of filver, and confequently that a mixt mafs
of gold and filver of the fame quantity would take up fome
mean fpace between the two former ; he made a mafs of pure
gold of the fame weight with the crown, likewife another
mafs of filver of the fame weight ; then baving put the crown,
as alfo the other two mafles feverally into a veflel filled up to
the brim with water, he diligently referv’d the water flowing
over into another veflel, and from thofe three feveral quantities
of water fo expelled, he found out the quantity of gold and
of filver in the crown: But fince Fitruvius has not deliver'd
the pra&ical operation, I fhall fhew the fame after the manner
of Cardanus, Gemma Frifius, and other Arithmeticians,

Let us therefore fuppofe the weight of the crown, as alfo
of the two feveral mafles, to have been 5 /b. Suppofe alfo that
by putting the mafs of gold into the veflel, 3/b. of water was
expelled ; by putting in the crown 33 /. and by putting In the
mafs of flver 45/, The queftion thereforg is to know l]m;

muc
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much gold and how much filver the crown was compofed of,
"This may be refolved by the Rule of Falfe, after this manner :
Suppofe 3 /. of gold to be in the crown, then there re-
mained 2/b. of filver; now fay by the Rule of Three, if
50b. of gold expel 3/5. of water, how much 3/. of gold?
Anfw, 13/, Alloif 5/, of filver expel 4% of water, how
much 2/. of filver! Anfw. 1%/, of water ; add therefore
the water of the filver and of the gold together, to wit, 1%
and 1%, fo, there will arife 3} /. of water: This ought to
have been 33/b. (for fo much overflow’d by putting in the
crown ;) but it is too much by 7_; therefore 7. is to be
noted with4, for the error of the firft pofition 3 /6. Again,
feign another quantity of gold to have been in the crown,
to wit, 2/b. thercfore there remain’d 3. of filver; then
fay, if 5lb. of gold expel 3. of water, how much 2 /b, of
gold? Anfw. 1% /b. of water: Alfo if 5/b. of filver expel 43/b.
of water, how much 3/. of filver ? Anfw. 2.7, then add 1175
unto 2%, the fum will be 3.% of water, This ought to
have been 31 /b. but it is too much by 2i. Therefore 13 is to
be noted with + for the error of the
fecond pofition 2 /. Here becaufe the
errors are Frations having a common
Denominator, 1 take their Numera-
tors, 7 and 13 inftead of the errors,
then multiplying crofs-wife, to wit,
3 by 13 the product is 39; allo 2 by
7, the produét is 14, which fubtraéted
from the former produét 39, (becaufe
the errors are alike,) leaves 25 for a
Dividend ; alfo the difference between
the errors 7 and 13 is 6 for a Divi-
for: Laftly, dividing 25 by 6 thequo- 7 T 13
tientis 4 % ; fo much gold, therefore, :
was in the crown, and confequently (becaufe the weight of the
crown was 5/b.) there was 3 of filver, which may be proved
thus: Say if 5 /6. of gold expel 3/, of water, how much 4% 1.
of gold ? Anfw. 21 /b. of water: Again, if 5. of filver expel
4; of water, how ‘much % of filver? Anfw, 3 lb. of water,
which being added to 2L /). the fum is 35 fb. of water, to wit,
as muchas flowed over when the crown was put into the veflel,
Here note, that in making a trial of this nature, there is no
neceflity that the mafs of gold or of filver be of the fame weight
with the crown, or whatfoever thing is'to be examined, but
of what notable part of the weight you pleafe,

CHAPF.
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C:H AP *XLIV.

Of SporTs and PASTIMES.

i PROB. 7L
%o difcover a number which any one fball have in bis mind, with=

out requiring bim to reveal any part of that or any number
whatfoever. "
" /A FT ER any one has thought upon a number at pleafure,
bid him double it, and to that double bid him add any
fuch even number as you pleafe to affign ; then from the fum
of that addition let him rejeé one half, and referve the other
half: Laftly, from this half bid him {ubtra& the number which
he firft thought upon ; then may you boldly tell him what
number remains in his mind after that fubtraction is made, for
i:ldwill be always half the number which you afligned him to
add.

For Example: Suppofe he thought upon 6, the double there-
of is 12, to which bid him add fome even number at your plea-
{ure, fuppofe 4, fo will the fum be 16, whereof the half is 83
from which if he fubtra& 6, (the number firit thought on) the
remainder is 2, (to wit, half the number 4, which was by you
affigned to be added;) which remainder you difcover, notwith-
ftanding all the operation was performed in his mind, without
his making known any number whatfoever.  Nate, That the
~ adding of an even number, as aforefaid, is not of neceflity,

but only to avoid a fraction that will arife, by taking the half

of an odd number.

n42. The Reafon of the Rude.

If to the double of any number (which number for diftinc-
tion fake I call the firt) 2 fecond number be added, the half
of the fum muft neceflarily confift of the faid firft number, and
half the fecond ; therefore if from the faid half fum the firft
number be fubtraed, the remainder muft of neceffity be half

glie fecond number which was added,

Bb 743
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743 PROB. IL

T1os mumbers, the ene even and the other odd, being propefed unto
tws perfons, to the end. they may (out of your fight) feverally |
chinfe one of thofe numbers 3 to difcover which of rhjﬂe numbers
each perfon hatls chofen.

Suppofe vou have propounded to Peter and fobn two num-
bers, the one even and the other odd, as 10 and g, and that
each of thofe perfons is to chufe one of the faid numbers un-
known to you. Now, to difcover which number each perfon
made choice of, you muft take two numbers, the one even and
the other odd, as 2 and 3 ; then bid Pefer multiply that num-
ber which he has chofen by 2 ; and caufe Fobn to multiply that
number which he has pitched upon by 3; that done, bid them
add the two produéls together, and let them make known the
fum to you, or elfe demand of them whether the faid fum be
even or odd, or by any other way more fecret endeavour to dif-
cover it, by bidding them take the half of the faid fum, for by
knowing whether the faid fum be even or odd, you cbtain the
principal end to be aimed at ; becaufe if the faid fum be an even
number, then infallibly he that multiplied his number by your
odd number, (to wit, by 3) did chufe the even number (to wit,
10 ;) but if the faid fum happen to be an odd number, then
he whom you caufed to multiply his number by your odd num-
ber, (to wit 3) did infallibly chufe the odd number (to wit, 9.)

For example : If Peter had made choice of 10, and Fobr g, |
{fuppofe vou required Peter to multiply his number 10 by 2, and
“Fobn to multiply his number g by 3; the produ&s will be 20+
and 27, whereof the fum‘is 47, which being an odd number,.
you may thence conclude that zaﬁrs, whem you caufed to mul-
fiply his number by 3, chofe the odd number g, and therefore
Peter took 10. But if you had ordered %obn to multiply his
number g by 2, and Peter to multiply his number 1o by 3, the
products would have been 18 and 30, whereof the fum i1s 48,
-which is an even number ; from whence you may infer, that he

“that multiplied his number by 3 pitched upon the even num-

ber, and therefore Peter chole 10, and Fobn g. Q
The reafon of the faid Rule will appear trom Nite, 1. and®
‘2, to Art, 64. and Note 1. and 3, to Art. 47. B

744e



Chap. XLIV. Of Sports and Paftimes. 371

»44. PR OB. 1L

A certain number of diftinét. things being propounded, to difpofe
them in fuch an order, that cafting away always the ninth, or
the tenth, or any other that fhall be affigned, to a certain

number, thofe remaining may be fuch as were fir/! intended to
be left.

This problem is ufually propofed in this manner, viz. Fifteen
Chriftians and fifteen Turks being at fea in one and the fame
fhip in a terrible ftorm, and the pilot declaring a neceflity of
cafting the one half of thofe perfons into the fea, that the reft
might be faved ; they all agreed, that the perfons to be caft
away fhould be fet out by lot after this manner, viz. the thirty
perfons fhould be placed in a round form like a ring, and then
beginning to count at one of the paflengers, and proceeding cir-
cularly, every ninth perfon fhould be caft into the fea, until of
the thirty perfons there remained only fifteen. The quelition
is, how thofe thirty perfons ought to be placed, that the lot
might infallibly fall upon the fifteen Turs, and not upon 2ny
of the fifteen Chriffians # For the more eafy remembeting of
the Rule to refolve this queftion, I fhall prefuppole the, five
vowels, a, ¢, iy 05 u, to fignify five numbers, to wit, (a) one,
(¢) two, (i) three, (o) four, and («) five; then will the Rule
itfelf be briefly comprehended in the two following verfes:

From Numbers, Aid, and Arty
Never will Fame depart.

In which verfes you are principally to obferve the vowels,
with their correfpondent numbers before affigned ; and then be-
ginning with the Chriflians, the vowel o (in frem) lignifies,
that four Chriftians are to be placed together ; next unto them
the vowel u (in Num.) imports that five Tur#s are to be placed
together ; in like manner e (in bers) denotes two Chriftians 3
a (in: Aid) one Turk; i (in Aid) three Chriftians ; a (in and)
one Turk; a (in Art) one Chriftian; e (in ne) two Turts; e
(in wer) two Chriftians ; i (in will) three Turks ; a (in Fame)
one Chriftian’s e (in Fame) two Turks ; ¢ (in de) two Chriftians ;
a (in part) one Turk,

745. The invention of the faid Rule, and fuch like, depends
upon the fubfequent procefs, wiz. If the number of perfons be
thirty, let thirty figures, or cyphers, be placed circularly, or
elfc in a right line as you fee,

CDCI5:'.-C'C‘CDUGDQDDQGUDODODCGQGGQGG : 1
Bb 2 T hat
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That done, begin to count from the firft, and mark the ninth
(or what other fhall be affigned by putting a point or crofs over
it;) then count forward from that which you have marked,
and place another point over the next ninth ; and continue to do
the fame, beginning again when you fhall be at the end (if the
cyphers are placed in a right line,) and pafling over thofe,
which you had already marked, until you have marked the
number required, asin the example propounded, until (nu have
marked fifteen ; for then all the cyphers marked fhall be thofe
which muft be caft away, and the others thofe that are to re-
main. Hence it is evident, that if you obferve how thofe cy-
phers marked, are difpofed among thofe which are not marked,
you will eafily make a Rule for any number whatfoever.

By this invention (as fome conjecture) the famous hiftorian
Fofephus the Few, preferved his life very fubtilly in the cave, to
which himfelf and forty of his countrymen had fled from the
furious and conquering Romans at the fiege of etapata : For
his faid countrymen having moft wickedly refolved to kill one
another, rather than yield to their enemies, he at length (when
no arguments that he could ufe would difluade them from fo
horrid an aét) prevailed with them to execute their tragical
defign by lot ; and fo by the help of the aforefaid artifice, as
we may fuppofe, himfelf with one other perfon only remain-
ing alive, after the reft were inhumanly murdered, they a-
greed to put an end to the lot, and thereby fave their lives.
This ftory you may fee at large in the fourteenth chapter of
the third Book of the Hiftory of 7sfepbus, of the Wars of the

= S
J e, &

v46. PROB. IV.

Many numbers which proceed from 1 or unity, in a progreffion,
according to the natural order of numbers, (fuch as thefe,
I, 25 35 4> 5, 6, &c.) being placed in a round form like a

ring 5 to difcever which of thefe numbers any ane has thought
ﬂpﬂﬂu

Let any multitude of numbers in the aforefaid progreffion,
fuppofe thefe ten, to wit, 1, 2, 3, 4, 5, 6, 7, 8, g, 10, be
marked upon ten ivory-counters (or for want thereof upon ten
fmall pieces of paper) which may be reprefented by thefe ten
letters, A, B, C, D, E, F, G, H, K, L, wiz. fuppofe 1 to be
writ upon the counter A, 2 upon B, 3 upon C, &¢c. Then
hiving placed thofe counters circularly as you fee (with their
blank faces uppermoft, and the figures underncath, that tl}:
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A
I
L 10 2 B
K 3C
H 4D
Gy 5E
6
F

fubtilty of the fport may the better be concealed) let any one
think upon any number of units which does not exceed 103
that done, bid him touch one of thofe counters at pleafure, and
to the number on the back-fide of the counter touched (which
you cannot be ignorant of, having noted well the place of 1 or
A) add fecretly in your mind, the juft number of all the
counters, and referve the fum; then bid him imagine in his
mind the counter touched to be the number which he thought,
and from that counter to count backwards, until he has made
up the aforefaid fum, which you referved, fo will his compu-
tation infallibly end on the counter -upon which “the number
thought of is marked,

For example, fuppofe he thought 7 or G, and that he touch-
ed B, to wit, 2; add to 2 the number of all the counters, to
wit, 10, fo the fum will be 12 ; then bid him count to 12, be-
ginning at B and going backward, and efteeming B to be the
number thought, to wit, 73 fo will 8 fall upon A, g upon L,
10 upon K, 11 upon H; and laftly, 12 upon the counter G,
which being turned up will thew the number thought.

747. The Reafon of this Rule is not difficult to be apprehend-
ed, two principles being prefuppofed, the one is this; to wit,
many counters or things whatfoever being difpofed orderly one
after the other, in one continued line, whether it be right or
circular; if you value or name the firft counter to be fome
number of units at pleafure, and continue to count forward
according to the natural order of numbers, until another num-
ber be named which falls upon the laft counter : Or if you ima-
sine or name the laft counter, to be the fame number of units
as before you put upon the firft, and continue to count back-
wards to the firft counter ; I fay, that the fame number will
be named at the end of both thefe computations : For example,
in thefe g letters, A. B. C. D. E. F. G. H. K. if the letter A
be efteemed to be 4, and from thence you count forwards unto
K, according to the natural order of numbers, the letter K
will fall upon the number 12. In like manger. if you clteem

Bb 3 K
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K to be 4, and count backwards from K to A, the letter A~

will likewife fall upon 12.
I0: 1f. 12

VT AT, el
B E) E. g G. H. K.
12, II: 106 Qe 8. . 0L 5 5.

The other principle is this, to wit, many counters being
difpofed in a round form like a ring; if you efteem any one
of thofe counters to be fome number at pleafure, and then from
that counter if you count circularly, until you end upon the
counter where you began, the number laft named will be equal
to the fum of the number of all the counters, and of the
number which you put upon the firft counter ; for example, if
D be one of ten letters placed in a circumference, and that
imagining I to be 7, you begin with it, and count round the
whole circumference, according to the natural progreffion of

A
I
a L 10 EBC
K
H 3 .‘;3,1)
‘ Gy 5E
6
F

numbers till you end with D where you began ; the number
17, which is compofed of 10 and 7, will neceflarily fall upon
D for g (which is the number of letters in the circumference
befides 1) being added to 7 (which was firft put upon D)
makes 16, to which 1 being added, (becaufe D ends as well as
begins the circumference) the fum is 17.

Now thele two principles being prefuppofed, it will not be
difficult to apprehend the reafon of the aforefaid Rule in all
cafes that can happen ; for imagine that one has thought upon
7, or the counter G, then that counter which he fhall touch
muft either be the fame counter G, or fome other that precedes
or %ollows G.

Firft therefore, fuppofing the counter or number touched to
be the fame with the number thought, the truth of the Rule
will be then evident; for. by the Rule given, be will begin to
count from the fame G to 17, putting 7 upon G, therefore by
the fecond prefuppofition the number 17 will fall upon G.

Secondly, °

?-T:'I
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Secondly, imagine that he touched a counter or number fol-
lowing G the number thought,as L or 103 then, according to
the Rule, adding 10 (the numbers of all the counters placed
| wircalarly) to 10 or L, the (counter touched) bid him count
backwards to 20 by beginning at L, and efteem L to be 7.
Now, becaule by begin ning to count at G which is 7, and pro-
ceeding to count forward, the number 10 will fall upon L ;
therefore by the firft prefuppofed principle, if we efteem L to
be 7 and count backwards, the number 10 will infallibly fall
upon (3, and then the number 20 fhall alfo fall upon the fame
G by the fecond prefuppofed principle.
© Laftly, imacine he touched fome number or counter which
precedes 7 the number fought, as B or 2 ; then adding 10 to
2, you are to bid him count unto 12, he having firft imagined
B fo be the number thought 7 ; and going backwards to A, L,
K, &Fc. Now becaufe by proceeding to count at B, which is
2, and beginning to count forward to C, D, &¢c. the number 7
falls upon G ; therefore if one imagine that G is 2, and from
thence count backwards towards F, E, &¢. the number 7 will
fall upon B (by the firft prefuppofed principle ;) therefore when
one aflumes B to be 7, and counts towards A, L, &¢. to any
affioned number, it Is in effect as much as when one imagines
“.G to be 2, and counts towards I, E, &e. unto the faid af-
figned number, for each of thofe computations will end in the
fame point ; but it is manifeft (by the fecond prefuppofed prin-
ciple) that efteeming G to be 2, and counting towards F, "E,
D, 7. round the whole circumference; the number 12 will
fall upon the fame G.  And becaufe G being fuppofed to be 2,
and counting on the fame coaft as before, the number 7 falls
upon B therefore if the computation be continued on the
fams coalt from B 7, to 12, the number 12 will fall upon the
{ame G. So that the practice of this fport in all its cafes is
demonftrated. -

Niste, That to the number of the counter touched yot may
not only add the number of all the counters orce (as the Rule
dire@s) but twice, thrice, or more times: For example; B be-
ing touched, you may caufz him to count to 12, or to 223
or to 32, 42, e, the reafon whereof is evident from the fe-
cond prefuppofled principle.

oy
=
[ 2]
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748. PROB, V,

Many numbers being fbewed by pairs, to wity two by two, unte
any perfon, that be may think upon any one of thofe pairs at plea-
Jure, to difcover the pair tbat was thought upon,

Let 20 numbers, fuppofe thefe, 1, 2, 3, 4, 5, 6, 7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, be writ upon ivory-
counters, (or for want thereof upon fmall pieces of paper) to
wif, I upon one counter, 2 upon another, 3 upon a third,
&e. Then difpole them into pairs as you fee, viz, fuppofe
I and 2 to be one pair, 3and 4 to be another pair, &, and

I 2‘

3 4

5, 6
7 8
9 10

IF 12

13 14
e
117 18
19 20

_'-_"f thefe pairs let any one think upon which pair he pleafes.
That done, you are to diftribute the faid 20 numbers into
ranks, in form of a long fiare, until there be 5 numbers in
length, and 4 in breath, after this manner, viz. lay the three
firft numbers, 1, 2, and 3, in a rank (as you fee in the fecond
hgurj-*) fmm_ﬁ?. towards B ; then place 4 under I, and 5 after
3, (in the faid rank AB)) Again, place 6 under 4, and 7
after 5, (in the faid rank AB.) Then place 8 under 6, al-
lo g, 10, 11, on.the right-hand of 4, in the rank C D, Again,

lace
A b



- Chap. XLIV.  Of Sports and Paftimes. _377'

place 12 under g, and 13 on the right hand of 11, in the rank
CD, and 14 under 12.  Moreover, place 15, 16, 17, on the
right-hand of 12, in the rank EF. Lattly, place 18, 19, 20, on
the right-hand of 14, in the rank G H, fo will all the numbers
be ranked as you fee in the Table. That done, you are to de-
mand of him that thought upon two numbers as aforefaid, in
what rank or ranks the faid numbers happen to be found, viz,

A 1 2 T o ' 7 4B -
C 4 9 10 [ 13 |D
E 6 12 15 16 l 17 B
G 8 14 18 19 l 20 |H

in which of the ranks AB, CD, EF, GH, or in which
two of the faid ranks: Now if he anfwer, that the two num-
bers he firft thought upon are in the firft rank A B, then 1 and
2 will be the numbers thought of, or kept in mind ; if in the fe-
cond C D, then g and 10 fhall be the numbers thought of ; if
in the third rank EF, then 15 and 16 will be the numbers
thought : If they are in the fourth rank G H, then 19 and
20 thall be the numbers thought ; but if he fay that the num-
bers thought are in different ranks, then you are heedfully to
mark the faid numbers 1 and 2, g and 10, 15 and 16, 19 and
20, which may be called the keys of the fport, in regard the
ferve not only to difcover the two numbers thought, when they
are both in one and the fame rank (as aforefaid ;) but even
when they are in two different ranks: For in this latter cafe;
as foon as it hath been declared to you in which two ranks the
two numbers thought are placed, you are to take the key of
the higheft of thofe two ranks, and defcending in a down-right
line from the firlt number of that key to the lower of the faid
two ranks, you’ll there find one of the two numbers thought,
and upon the right-hand of the fecond number of the faid
key, at the fame diftance fideways, from the fecond number of
the key, (as one of the numbers thought was diftant from the
firft number of the key,) you will find the other number
thought. :

For example, fuppofe the two numbers thought are 7 and 8,
and it 15 declared to you, that they are in the firft and fourth
ranks ; take then the key of the higheft of thofe two ranks;

to
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to wit, of the firft, which is 1 and 2, and defcending down-
right from 1 to the fourth rank, you’ll there find § one of the
numbers thought: Then feek fideways on the right-hand of 2
{the fecond number of the key) a number as far feparated from
2, as 8 is diftant from 3, and you'll find 7 the other number
thought.

Again, fuppole he fays that the numbers thought are in the
fecond andthird ranks: Take then the key of the fecond rank
which is g and 10, and defcending down-right frem g to the
third rank, you fhall there find 12, which is one of the num-
~ bers thought ; then feek fideways on the right-band of 10, (the
fecond number of the¢ key) 2 number as far diftant from 10,
as 12 is from g, -and you’ll find 11, which is the other num-
ber thought,

The reafon of this will be apparent, from a ferious confidera-
tion of the placing of the numbers according to the Rules
before given : For it is thereby evident, that of the firft num-
bers coupled two by two, there can never be found more than
one pair in one and the fame rank; and of all the other pairs,
one number is always found in one rank, and the other num-
ber in another rank.

Note alfo, that this fport may be pra&lifed with divers per-
fons at once, and not only with 20 numbers, but with any
fuch multitude of numbers as is produced by the maltiplication
of any two numbers that differ by 1, or unity ; as 30, which is
the produét of 5 maltiplied by 6, and 42, which is the product
of the multiplication of 6 and 7, That which is chiefly to be
regarded is, the Flacing of the numbers in ranks according to
the directions before given: And for the more ealy compre-
hending of that order, I have, in the following Table, rank-
cd 30 numbers in their due places, which being compared
with the former Table, and well viewed, will be a clearer illuf-
¢gration than can be expsefled by,many words,

4 II 12 13 15 17

bt 24 19 20 21 23

8 16 22 25 26 27

| ¥ 25 i8 2.4 ﬁH 29 30

/49-
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740.  ER'O B. " VL

Three jealous hufbands with their wives, being ready to pafs by
night over a river, do find at the river fide a boat which can
carry but two perfons at once, and for want of a waterman they
are neceffitated to row themfelves over the river at feveral times :
The queftion isy how thofe fix perfoms fball pafs 2 by 2, fo that
none of the 3 wives may be found in the company of 1 or of twa
men, unlefs ber bufband be prefent €

They muft pafs in this manner, wiz. firlt two women pafs,
then one of them brings back the boat and repaffes with the
third woman ; that done, one of the three women brings back
the boat, and fitting down upon the ground with her hufband,
permits the other two men to pafs over to find their wives:
Then one of the faid men with his wife brings back the boat,
and placing her upon the ground, he takes the other man, and
repafles with him: Laftly, the woman who is found with the
three men enters the boat, and at twice goes to fetch over the
other two women,

750. PROE VI

A Country-man having a fox, a goofe, and a peck of corn, in his
journey came to @ rvivery, where it [o happened that he could
carry but one over at a time. Now, as no twe were to be to-
gether that might deftroy each other 5 fo be was at his wit's
end how to difpofe of them s fory fays bey though the corn can-
not eat the gosfe, mor the goofe eat the fox, yet the fox can eat
the goofe, and the goofe eat the corn: The qucftion is, how be
mu/t carry them over €

Firft he muft carry over the goofe, leaving the fox and corn,
(for the fox will not eat the corn) then, returning back, he
may carry over the fox, bringing the goofe back again; then

leaving the goofe, he may cairy over the corn ; laftly, he muft
return to fetch the goofe.

per  PROB. VIIE

Twa merry companions are to have equal fhares of eight gallms
of wine, which are in a veffél containing exallly eight pallons :
now fo make this equal partition they have_ only two other emply
weffels, of which one contains five gallons, and the other Ia‘ﬂrfab;

- thg
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the queflion is, how they fball exactly divide the wine by the help
of thofe three veffels 2

Firft, from the veflel which contains 8 gallons, and is
full . of wine, let 5 gallons be poured into the empty veflel
of 5, and from this vefle]l fo filled, let three be poured into
the empty veflel of three, fo there will remain 2 gallons within
the veflel of 5. Then let the three gallons that are within
the veflel of 3 be poured into the veflel of 8, which will now
have 6 gallons within it ; that done, let the two gallons which
are in the veflel of 5, be put into the empty veflel of 3: Then
of the fix gallons of wine that are within the veflel of 8, fill
again the g, and from thofe 5 pour out one gallon into the
veflel of 3, which wanted only one gallon to fill it; fo there
will remain exa@lly 4 gallons within the veflel of 5, and 4
gallons within the other two veflels. This queftion may be
refolved in another way, but I leave that as an exercile to the
fagacity of the ingenious reader.

Now though, at firft fight, it may be thought by fome, that
the three laft mentioned Problems cannot be refolved by any
certain Rule, but only by many trials; yet, by infallible argu-
mentation and difcourfe, the folution of thofe queftions may be
found out, or elfe the impoffibility of them, if by chance they
fhould be propounded impofiible ; as the moft ingenious Gaf-

¢er Bachet bas manifefted in a little book in the French Tongue,
intitled, Problemes plaifans & deleGlables qui fe font par les nom-
bres, from which book I have extralted the contents of this
" ghapter,

CHAP,
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C HAR XLV,
Of MEASURING.

. a8y, H E various kinds of meafuring, are three, viz,
1. Lineal, called (by workmen) Running Meafure,
in that it refpects length only, the parts of which are

12 Inches, 1 Foot,
3 Feet, }{1 Yard,

165 Feet, 1 Rod,

753. Superficial, or Square Meafure, in that it refpecls
Length and Breadth, the parts are, viz. |

144 Inches,) (1 Foot,
72 Inches, = g Haat,
36 Inches, * of a Foot,

o
48 Inches,!' | L of a Foot,
18 Inches, >4 £ a quarter of a Foot,
2724 Feet, 1 Rod,
136% Feet, » a Rod,

Inches
1296, or g Feet, J L1 Yard. |

Nete, That in dividing by 2723, which reduces Superficial
Feet to Square Rods, workmen take no notice of the X of the
foot, dividing only by 272, which gives the content a little
too much, N

754. Solid, or Cube Meafure, refpeting Length, Breadth,
and Thicknefs, whofe parts are,

Inches.

1728, 1 Foot,

1296, 3 of a Foot,
864, L of a Foot,
432, + of a Foot,

2= Feet,~ >3 Yard,

#55. Of SuperFiciaL MEASURE,

A General Rulp.

Multiply the Length by the Breadth, and the Produét is the.
Superficial Content,
] Demeonfirations
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Demonfiration.

For if a line AB, being divided into any number of equal
parts be moved conftantly at right angles with another line,
BC, divided into any other number of fuch equal parts, as are
in A'B; it will, when advanced to any part of B C, defcribe
thereby 2s many equal fquares as theré are parts in it: And
if moved on farther, to the next part, it will defcribe as many
more fquares, and fo the fame number of fquares will be as
often defcribed, as there are parts in the line, BC; and con-
fequently there muft be as many f{quares in the furface, made
by thefe lines, as there are units in the product of the parts of
the two fides.

A 13 B

C

* #56. Now the content of any thing ‘may be found three fe-
veral ways, wviz.

1. By Decimals,
2. By Aliquot Parts,
3. By crofs Multiplication,

. All which I fhall promifcuoufly ufe in the following Exam-

ples.  But the latter of the three is ufed by moft workmen, ex-
cept glaziers, whofe foot being decimally divided, they caft
up the content of their work by Decimals,

757. Crofs Multiplication, is performed as in the following
Example,

Let it be required to multiply 47 fect § inches by g feet 4
inches: See the operation,

¢ F.

e
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B,
47 : 8
9: 4
423
BT
L& i
2, 2
444 : 10 8

Here the feet are multiplied by the feet, then (crofs-wife}
viz. the g feet in the Multiplier by the 8 inches in the Multi-
plicand, gives 72 inches or 6 feet, and the 47 feet in the Multi-
plicand being multiplied by 4 inches in the Multiplier, give
15 feet 8 inches. Laftly, the inches in both the factors, being
multiplied one into the other, make 32 parts, or 2 inches, §
parts, the total of which, wiz. 444 f. 10 in. 8 par. is the pro-
duét of 47 feet 8 inches, by g feet 4 inches:

758. The Content of the Work, is given either by the Foot,
the Yard, the Square, or the-Rod, wiz.

759. By the Foot.

Glazing-and Mafonry.

Dimenfions are taken in feet and inches, the Content given
~ per Foot [quare,
: In Glazing,

Example. How many Feet of Glazing are there in that pane
of glafs which is 4 feet 5, and 2 feet, 42,

2,42
455

1210
968

- ——

10,890 Anfwer, 10 f.1,809,

In Mafonry.

J Example. Suppofe a yard pav’d with free-ftone, viz. length
22 feet 4 inches, breadth 19 feet 7 inches; how many fquare

EEr |
2.2
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S0

e

198

22

Dl g

32 - 10
-

o ysiteet, © 1n. Party
437 ¢ 4 & Facit 437 . 4. 4

»60. By the yard,

Painting, Foinery, Plaiftering, &c.

Dimenfions are taken in feet and inches; but the content
given in fquare yards, found by dividing the fuperficial feet
by g.

Iﬂ P‘;ﬂfflﬁgt

Example. The height of a room being 12 feet 4 inches, and

84 feet 11 inches about, how many fquare yards ?

84 . II about

12 . 4 high
I0Ig « © =r84:11x12
28 e T e By e w2
9)1o47 .. 3 .8 Ya. Feet. Inch. Part,

116;3.3:'3 Anlw, o116 %3 . 3 .. 8

Foinery.
Example. How many yards of wainfcot does that room take
up, whofe height is 12 feet 3 inches, and compafs 104 fect 6
inches ? -

Feet. Inch.

104 . 6
2 . 3

1254 . © = o4l o 12
20° . T =g 1oF SRR R -

T

Yar, Feet, Inch. Part,
Aflw. 342 . 2. Fo.oh

Plaiflering,

-6
9}1280.1.6
2 . 6

T42+ 2 . 1
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Plaiftering.
Example. How many yards in a cigling 47 feet 4 inches,
5 parts long, and 18 feet broad ?

T IR Ry |- < e
; 0% 3= "

284 . 3% 6
3

g) 852 . 10. 6

04 "6 10, 6 CYak T T Part.
: Facit g4 .6.10 . 6
Under this head you may further note, that if you multiply
the £ part of the length, by the £ of the breadth, the produét
will be the content in fquare yards, it being the fame to take
2 of lineal, as ¢ of fuperficial meafure.

#61. By the Square. -
Partitioning, Flosring, Roofing, Tiling.
Dimenfions are taken in feet and inches, but the content or
value is by the fquare of 10 feet, done by cutting off two figures
of the fuperficial feet towards the right-hand,

Partitioning, :
Example. How many fquares are contained in that work
which is 19g feet 10 inches in length, and 1o feet 7 inches

high?
. 199 . IO
10 .
1998 . 4 =10
60 Latat, A= ,}};{Igg:n}
F e St

21,74.10 . 10 Squar. Feet, Inch. Parts.
Anlwe " RL 1AL a0

From which fometimes the content of doors and other va-
. cancies arededudéted,

Flooring.
Example, A floor being 4g feet, 7 inches, 4 parts long, and
26 feet 6 inches broad, how many {quares 2 - -

e 42
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49 « 7
- R .

1289. 10 .
24+ Q.

Anfw. 13,14. 8,
Roofing

Example. Suppofe an houfe 18 feet 4 inches in front, and
feet 10 inches in depth, how many fquares in the roof ?

Rl O

%

7. 10
4 3%x6=18

113 . 6
6
of37 . 10) 681 . o

L AR

1) 603. 7. 4

346 . 9. 8 added

Squares. Feet. Inch.
I0 . 40 .5 10,40. §. o

Here note, after you have multiply’d the depth by the frone,
and fo found the content of the ground-plot in feet, half of
thofe being added, gives the content of a pitch-roof, which re-
duce into fquares, '

762, By the rod, asin

Brick-work,

Dimenfions are taken in feet and inches, and the content,
given per the fquare of a rod of 161 feet,

The content of this work is found in the fame manner as
all the other, to wit, by multiplying the length by the breadth,
and only differs from the former in two things.

763- When you havefo found the fuperficial content in feet,
divide it by 272, the fquare feet in one rod, the quote is rods,
the content being always fo given.

764. That when *tis more or lefs than a brick and X thick,
it muft be reduced to that thicknefs, being always meafured by
the fquare rod of abrick and £, . Todo which obferve, o

: KiEs
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Rule. Multiply the produét of the length and height of the
wall by as many half bricks as it contains in thicknefs, which
produét divided by 3, gives the gontent of the wall 1 brick
and X thick, which fuperficial feet divide by 272, the quote is
uare rods reduced to 1 brick and % ; or more fhort by the
following Table.

Brick.

1 fubtra& )
jﬂ. add z It will reduce the
Fors 3 multiply by 2 7 faid thicknefs to I
| 2% multiply by 3|  brick and L,
L6 multiply by 4J

Example 1. Suppofe a wall of a garden 231 feet about,
and 13 feet 4 inches high, and 1 brick  thick, how many
rods?

213
3 A
2769 . ©
T . ©
! Rods, Feet,
272) 2840 . o (10 . 120
120

Example 2. How many rods of brick-work in that wall
which is 40 feet 7 inches long, and 11 feet high, being one
brick thick ?

Fiet. Inches.

409355
1I » O

3) 446 . 5
148 . 9.8

272). 297 + 7.4 Rod. Ft, Inch, Parts.
I +25.7.4 Anfwer 1 :.25.7 + 4

Example 3. If a wall be 254 feet about, and 12 feet 7 inches
high, and 3 bricks thick, how many redsd

Cca A54
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254
5Z.5¢7

3048 . o
2327, 0
2F o2

3196 ., 2
z
Rods, Feet. Ihches.

272)6392 . 4 (23 :136: 4

265. Praétical Queftionsin the Menfuration of Superficial
Figurﬂs.

Queft. 1. If the fide of a fquare Superficies be 3 feet what
is the area or content of that Superficies? Or (which is the
fame thing) how many Squares, every one of which is a foot
fquare are contained in that Superficies ?

Anfwer g fquare feet, which content is found out by multi-
plying the given fide 3 by itfelf, viz. 3 multiplied by 3 pro-
duces g. .

In l?ke manner, if the fide of a fquare pavement of ftone be
15.7 feet, the fuperficial content of that pavement will be
246.4q feet, that is, 246 feet and an half very near, (for 15.7
multiplied by itfelf, produces 246.49.)

- Likewife a fquare piece of wainfcot, whofe fide is 3.24 yards,
will be found to contain 19.4??6 yards, or 10 yards and an
half almoft ; for 3.24, multiplied by itfelf, to wit, by 3.24,
will produce 10.4976. |

Alfo if the fide of a fquare piece of land be 37,25 perches,
the content in fquare perches (neglecting the Fra&ion in the
Produét) will be found 1387, which being reduced will give
8 acres, 2 roods, and 27 perches for the content of that fquare
piece of land.

ueft. 2. If a_long fquare be 8 feet in length, and 5 feet in
breadth, what is the fuperficial content ?

Anfw. 40 feet; which content is found out by multiplying
the length by the breadth, wiz. 8 multiplied by 5 produces 40.
So if one of the lights of a glafs-window fuppofed to be in
form of a long fquare, has for its length 3.06 feet, and
breadth 1.47 feet, the content of that glafs will be 4.4982
feet, or 4 feet and an half almoft, for 3.06 multiplied by 1.47
produces 4.4982, ‘

In
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In like manner, if there be a piece of wainfcet; plaiftering, or
any other fuperficies in form of a long fguare, which is in
length 6.325 yards, and in breadth 3.214 yards; the fuperfi-
cial contents will be found 20.32 + yards, that is, 20 yards,
one quarter of a yard, and fomewhat more, for 6.325 muiti-
plied by 3.214 produces 20.32 +.

Likewile a piece of Tiling in form of a long fquare, whofe
length is 18.5 feet, and breadth 11.7 feet, will be found to
contain 216,45 fquare feet, which may be reduced to 2.1645
fquares of tiling, by allowing (according to cuftom) 100 fquare
feet to one fquare of tiling. :

Alfo if a piece of land in form of along fquare be 48.75
perches in length, and 36.25 in breadth, the area or content
. in perches will be found 1767.18 4, which 1767 perches being

‘reduced will give 11 acres and 7 perches for the-content of thag
. piece of ground,

Dueft. 3. If it be required to fet forth in a meadow one acre
of grafs to lie in the figure of a long fquare, and that the length
of it be limited or agreed to be 20 perches, what muft the
breadth be? .

Anfw. 8 perches, which breadth is found out by dividing 160
(the number of fquare perches contained in an acre) by the
given length 20. If two acres were required, then 320 (to wit,
twice 160) muft be divided by the given fide, whether it be the

“length or breadth; fo if 7.25 perches be prefcribed for the
breadth of two acres, the length muft be 44.13+ perches.
~ In like manner, if the breadth of a board be 1.32 foot, and
it be demanded how far one ought to meafure along the fide of
it to have a fuperficial foot, or a foot fquare of that board ;
divide 1 by the given breadth, fo you’ll find in the quotient this
dzcimal fraction .757 +, which reprefents three quarters of a
foot, or nine inches and fomewhat more, and fo much in
length ought to be meafured along fide of that board to
make a fuperficial foot. Likewife if the breadth of a board
be given in inches, then 144 (the number of fquare inches
contained in a fuperficial foot fquare) being divided by the
given breadth, the quotient will fhew how many inches ought
to be meafured along the fide of that board to make a fuper-
ficial foot; fo the breadth of a board bein inches, the
length forward to make a fuperficial foot wiﬁ EE found 16
inches.

Dusft. 4. If a piece of arras-hangings, in the form of along
fquare, has for its length 62 yards Englifb, and breadth 4 yards
how many fquare ells, or fticks Flemifb are contained in that

L¢3 piece,
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lifp? Anfw. 44%& fquare ells or fticks Flemifp.
Foralmuch as by fuppofition, a Flemip ell in length, has
fuch proportion to an Englifh yard in length, as 3 to 4, and

Confequently the fquare of the one to the fquare of the other,

3 g to16: Therefore in a direét proportion, as g is to 16;
fo is any given number of fquare yards Englih, toa number
of fquare ells Flemifb, which will take up equal fpace with the
faid {quare ells Englip, Alfo in a direct proportion as 16 is
to g, fo is any given number of fquare ells-Flemifh, to a num-
berof fquare yards Englih, which will take up an equal fpace
with the faid Flemifh ells: Therefore to refolve the aforefaid
queftion, firft find the number of fquare yards Englifh, con-
tained in the faid piece of arras, by multiplying the length
and breadth in yards mutually one by the other, then pro-
ceed according to the aforefaid proportion ; fo the work will
ftand thus:

I. 63 % 4 =25 fquare yards Englifh.
IL 9 16::: 25 : 448 fquare ells Flemifp.

. Ruefi. 5. If a piece of tapeftry, in the form of a long fquare,
be in length 151 ells Flemifh, and in breadth 43 ells Flemif,

how many fquare yards Engli/h are contained in that piece,

when 4 ells Flemifh in length are equal to 3 yards Englifh 2
Anfw. 374+ fquare yards Englif.

I 15% %41 =66 ..
1L 30 ¢ g 2 6h SabRl,

766. If the three fides of a piece of land that lies in form
of a Triangle be 15 perches, 14 perches, and 13 perches,
what is the area or number of fquare perches contained in that
Triangle ?

Anfw. 84 perches, or half an acre and four perches, which
content is found out by this Rule, iz,

From half the fum of the three fides of any plane T'riangle,
fubtralt each of the three fides feverally, and note the three
remainders; then multiply the faid half fum and thofe three
remainders one into the other (according to the Rulé of con-
tinval Multiplication ;) that done, extract the fguare root of
the laft produét, fo fhall fuch fquare root be the area or con-
tent of the Triangle,

Perches.

|

piece, when the length of a Flemifb ell is equal to 2 yard Eng-

f
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Perches.
15
The three fides of a2 Triangle e 14
13
The fum of three fides = ————eemn  s————e 42
ERpTe L ]
ThE half ﬂf the fum B it E——— 21
The three remainders found out by fubtrafting P
every fide from the half fum —_ E

The product arifing from the continual Multi- 6
plication of the four laft numbers — — 1°3

T he fquare root of which produtt is the mntent} 8
required, to wit, e —— — 4

Another Example, Perches.
120 5 §
The three fides of a Triangle = =—— - 112 ,0
9o 2 3
The fum of the three fides o — 3235 4
The half of that fum e e e 103 5 7

The three remainders found by fubtralting :ach} 4153

fide from the half fum  e——— ————— ';'? ) :
The produét arifing from the continual 3

Multiplication of the four laft num-
bers
The fquare root of that product

E 23355380,1096
43313?4"{"
W herefore 1 conclude, that the content of 2 plain Triangle,
whofe three fides are 120.§ perches, 112.6 perches, and go.3
perches,’ is 4832.74 + perches, which reduced, give 30 acres

and 32 perches, (the fration of a perch being neglected. )
Now fince every irregular piece of ground may be divided
into Triangles; for a four-fided field will be divided into two
Triangles by one imaginary ftraight line leading overthwart
from corner to corner, called a Diagonal Line; a five-fided
field into three Triangles by two Diagonals ; a fix-fided ground
into four Triangles by three Diagonals, &¢. the Rule before
Eiven will be of excellent ufe to find out the contents of large
elds, efpecially if the land be of a dear value; as alfo when
any controver(y arifes by reafon of the different admeafure-
Ccy ments
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ments of furveyors of land: For if the fides of thofe Tri-
angles be meafured in the field, and their lengths be agreed on,
all artifts to whom the reafon of the Rule before given is
known, will agree in one and the fame content. But yet this
" way of meafuring prefuppofes that there is no Obftacle, as wa-
ter, wood, or other impediment, to hinder the mealuring of
the fides of thofe Triangles into which the field is divided as
aforefaid.

#67. If the diameter of a circle be 28.25, what is the cir-
cumference? :

Anfw. 88.740892: For as 1 is to 3.1415927, fo is the dia-
meter to the circumference: Therefore always multiplying the

diameter given by the faid 3.1415927, the produ&l will be the
circumference required.

»68. If the diameter of a circle be 28.25, what is the fu-
perficial content of that circle ?

Anfwer. 626.7968 : For as1 is in proportion to .7853982, fo
is the fquare of the diameter to the fuperficial content. T here-
fore multiplying the faid decimal fra&ion .7853982 by the
fquare of the given diameter (which fquare is the product of
the multiplication of the diameter by itfelf,) the produé fhall
be the fuperficial content required.

~6g.-If the diameter of a circle be 28.25, what is the fide
of a fquare which may be infcribed within the fame circle?

" Anfw, 19.97577 : For the fquare root of half the fquare of
the diameter, or the fquare root of the double of the fquare of
the femi-diameter, will be the fide of the infcribed fquare fought.

Ciherwile, as 1 is to 707166, fo is the diameter to the fide

vequired. Therefore if you multiply (always)the faid .707166
by the diameter given, the produét will be the fide of the in-
{cribed fquare required.

770, If the circumference of a circle be 88.75, what is the
diameter ?

Anfw. 28.25: For as 1 is to.3183090, fo is the circumfe-
rence to the diameter. Therefore if .3183099 be multiplied
by the given circumference, the product fhall be the diameter
required, ,

‘271, If the circumference of a circle be 88.75, what is the
fuperficial content of that circle ?
Anfw. 626, 797: For as 1 is to .0795775, fo is the fquare

of the circumference to the fuperficial content. If therefore

0795775 be always multiplied by the fquare of the given cir-
cumference, the product will be the fuperficial content fought.
ik : 772y

PR R ERRS S
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». If the circumference of a circle be 88.75, what is the

fide of a fquare that may be infcribed within the fame circle?

Anfw, 19,97566: For as 1 is to 225078, fo is the circum-

ference to the fide required. Therefore if 225078 be always

multiplied by the circumference given, the product will be the
fide of the infcribed fquare fought.

»73. If the fuperficial content of a circle be 626.8, what is
the diameter ? '

Anfw, 28.25 : For as 1 is to 1.2732395, fois the content to
the fquare of the diameter, Therefore multiply 1.2732395
by the given content, the fquare root pf that product [hall be the
diameter required.

»7 4. If the fuperficial content of a circle be 626.8, what is
the circumference?

Anfw. 88.75: For as1 is to 12,566371, fo is the content to
the fquare of the circumference, If therefore 12.566371 be
always multiplied by the given content, the fqaure root of the
produc will be the circumfercnce required.

775. If the fuperficial content of a circle by 626.8, what
is the fide of a fquare equal to the fame circle ?

Anfw. 25.03598 : For the fquare root of the given content
is the fide of the {quare required,

76. Of Solid Meafure, which refpes Length, Breadth,
and Thicknefs.

Rule. Multiply the Length by the Breadth, and that product
by the Depth. '

Otherwifz, Multiply the area of the bafe by the Height, the
product gives the folid content, which if in feet, divide by 27,
the folid feet in one yard, which reduces them to folid yards,
if in inches, by 1728, gives folid feet, &e.

Demonfiration.

For a furface ABCD being imagined to move, fuppofe
upwards or downwards, fo that its points A,B,C, D, de-
(cribe the lines AH, BG, CF, DE, and confequently each
line therein defcribes other furfaces, &¢. there will be generated
by this motion, a magnitude called a folid, having three di-
menfions, viz. Length, Breadth, and Thicknefs: T herefore
that furface A BC D, being divided into little fquare areas, and
moving the height, AH, divided by a like meafure for length,
may be conceived to produce as many {mall cubes, as is the
number of the little areas, in the furface A BC D, multiplicd
by the number of the divifions in the height A H.

Examp.
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Examp. If the fide of a cube be 12 inches, how many cubi-
cal inches are contained in that cube?

Anfwer 1728. What a cube is, may be well reprefented by
a dye, which is a little cube itfelf, being a re€tangular or
fquare folid, that has an equal length, breadth and depth, and
is comprebended under fix equal fquares: Now if the fide of
one of thofe equal fquares (which is alfo the fide of the cube,)
be 12 inches, the fuperficial content of that fquare will be 144
fquare inches; for 12 multiplied by 12 produces 144, which
multiplied by the depth 12 inches, produces 1728 cubical
inches, and fuch is the folid content of that cube, whofe fide
is 12 inches: So that by one foot of timber or ftone, in what-
{oever kind of folid it be found, is underftood a cube, con-
taining 1728 cubical or dye-fquare inches, and confequently
half a foot folid contains 864 cubic inches, and a quarter of
a foot folid contains 432 cubic inches,

In like manner, if the fide of a cube of ftone be 2.57 feet
the folid content of that cube will be found 16,194 4 feet;
for 2.53 being multiplied by itfelf, produces 6.4009 fuperficial
feet, which produét being ‘multiplied by the faid 2.53, will
produce 16.1g4 -} folid feet.

Alfo if the fide of a cube of ftone or wood be 6 inches, or
.5 feet, the folid content will be found 216 cubic inches, or
.125 parts of a foot folid ; (for 6 multiplied cubically produces
n16; likewife . g riultiplied cubically produces .125;) whence
it may be inferr’d, that 8 little cubes of ftone or wood, every
one of which is half a foot, or 6 inches fquare, are contained in
a foot of ftone or timber ; for 8 times 216 produces 1728 (be-
ing the number of cubic inches contained ina foot fulid ;) like-
wife 8 times .125 produces 1, (to wit, one entire foot folid.)

171
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=77. If the breadth of a fquared piece of timber, fuppofed
to be ftraight and terminated at both endsby two equal fquares,
be 1.55 feet, the depth alfo 1.55 feet, and the length 17.33
feet, how many cubic feet are contained in that piece of
timber ?

Anfwer, 41.635 feet; that is, 41 feet and an half, and about
half a quarter of a foot: Which folid content is found out by
this Rule, viz, multiply the breadth 1.55 by the depth 1.53,
the produ@ will be 2. 4025 fuperficial feet, which is the con-
tent of the bafe, (that is, the area of either of the two equal
fyuares at the ends of the piece:) Laftly, multiplying the {aid
bafe 2.4025 by the length 17.33, the product will be 41.635 4+,
which is the folid content required.

In like manner, if the breadth of a fquare piece of timber,
fuppofed to be ftraight and terminated at both ends by two
equal long fquares (which are called the bafes) be 2.34 feet, the
depth 1.61 feet, and the length 17.58 feet, the folid content
will be 66.23 + feet; for (as before ) multiplying the breadth
by the depth, and that produét by the length, the laft produt
will be the folid content required. :

7=8. If the breadth, as alfo the depth of a fquared piece of
timber having equal fquare bafes, be 1.55 feet how far ought
one to meafure along the length of that piece of timber to make

.a foot folid ?

Anfwer .4162 parts of a foot, or 5 inches very near 5 which
decimal is thus difcovered, wiz, firft find the fuperficial con-
tent of the bafe, which will be 2.4025 (for 1.55 multiplied by
1.55 produces 2.4025:) Then dividing 1 (to wit, 1 {olid foot)
by the bafe 2.4025, the quotient will be .4162, or 5 inches -
almoft, and fo far ought to be meafured along the length of
the piece to make a foot folid. In like manner, if the breadth
be 2.34 feet, and the depth 1.61 feet, the length forward along
the piece to make one folid foot, will be found .2654 parts of
a foot, or three inches and almoft § part of an inch.

779. If a ftraight fquared piece of timber be terminated by
unequal bafes, whereof one contains 1,92 fuperficial feet, the
other .85 feet, and the length of that piece of timber be 17.4
feet, what is the folid content, or how many cubical feet are
contained in that piece of timber ?

Anfwer 23.4744feet ; (found out by one of Mr. Oughtred's
Rules for meafuring a fegment of a pyramid in Preblem 21.
Chap. 1g. of his Clavis Mathemat.) The Rule s this.

.Mu]ﬂpI:,r
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Multiply the greater bafe by the lefs, and extra&t the fquare
root of that product ; then multiply the fum of the two bafes
and that {quare root by one third part of the length of the folid
propoled, fo will the laft produdt be the folid content required,

Example.

The greater bafe e — 1 .92
The %&ﬂi:r bafe e g .85
The produélt of the Multiplication of thofc tw } i

bafes e e — : _ g £
The fquare root of that product —— — X.2775
"T'he fum of that fquare root and the two bafes 4 G475
One third part of the length is — A 5 .8
The produ of the Multiplication of the two

laft numbers is the folid content required — } 2374755

780. A pyramid is a folid comprehended under plain fur-
faces, and from a triangular, quadrangular, or any multangu-
lar bafe, diminifhes equally lefs and lefs, till it finifh in a point
at the top; now if the fuperficial content of the bafe of a py-
ramid be 5.756 feet, and the height of it 14.25 feet, (which
height is the length of the perpendicular line that falls from the
top of the pyramid to the bale;) what is the folid content of
that pyramid?

Anfwer 27.341 4 feet; for if the area of the bafe of a py-
ramid be multiplied by one third part of the height thereof, the
product will be the folid content of the pyramid; therefore
5-756 X 4.75 — 27.341 feet — the folidity of the pyramid
propofed. '

Note, If a pyramid be cut into two {egments by a plane pa-
ratlel ta the bafe, one of thole fegments will be a pyramid, and
the other will have two unequal bales; for the meafuring of
which Jatter fegment, a rule has been already given in Ars. 777,
the a:ea of each bafe being known, ‘

781. A Cone is a Solid, which has a circle for its bale, from
whence 1t grows equally lefs and lefs (like a round fteeple of
a church) till it end in a point at the top; now if the area of
the bale of a Cone be 5.756 feet, and the height of it be 14.25
fect, what is the {olid content of that Cone?

Anfw, 27.341 feer; for if the area of the bafe of a Cone be
muatltiplied by one third part of the height thereof, the produét
ihall be the folid content of the Cone.

Notey 1f a Cone be cut into two fegments by a plane paral-
Iel to the bale, one of thofe fegments will be a Cone, and the
othier fezment will have two unequal bafes which are circles ;

the



Chap. XLV. Of Meafuring. _3"9;1'
the folidity of ‘which latter fepment may be founid out by the
rule before given in Are. 777, the arca of each bafe (or circle)
being known,

782. A Cylinder is a folid, which may be well reprefonted
by a ftone-roll, fuch as are uled in gardens for the rolling of
walks. Now if the circumlerence of a Cylinder be 4.57 feer,
and the length 3.25 feet, what is the folid comtent of that
Cylinder?

Aniw. 5.4 4 feet, thus found out: Firlt, by the help of the
given circumference 4.57, find out the fuperficial content of
that circle, (being the bafe of the Cylinder ;) which content
(by Art. 769.) will be found 1.661967 foot ; then multiplyins
the faid 1.601967 by the given length 3.25, the produdt ‘will
be 5.401393, which is the folid content required.

783. If the Bale of a Cylinder by 1.6619 fect, how much in
length of that cylinder will make a foot folid ?

Anfwer .6017 parts of a foot; for 1 (to wit, 1 folid foot)
being divided by the bafe 1.6619, gives in the quotient the de-
cimal .6017 for the length required.

784. A globe is a perfe& round body contained under one
furface ; in the middle of the globe there is a point called the
center, from whence all ftraight lines drawn to the outfide are
of equal length, and called femi-diameters, the double of any
one of which is equal to the diameter of the globe; now if
the diameter of a globe of ftone be 1.75 foot, how many fect
folid are contained in that globe?

Anfw. 2.8061 feet; for as 1 is to .5235988, fo is the cube
of the diameter to the folid content of the ‘globe : Therefore
multiplying the cube of the diameter by the faid decimal
.5235988, the produét will be the folid content required : So
the diameter 1.75 being firft multiplied by itlelf, the produét
will be 3.0625, which multiplied by the faid I.75, gives in the
product 5.359375, to wit, the cube of the diameter, which
being multiplied by .5235988, the produ& thence arifing will
be 2.80616, which is the folidity of the globe propounded.

785. What is the diameter of a globe of flone, which cen-
tains 4 cubical or folid feet?

Anfwer 1.96 + foot; foras 1 is to 1.90985g73, fo is 4. (the
folid content given) toa fourth proportional, to wit, 2.6394327,
whofe cubic root is 1.96g49, the diameter required.

Ny
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786. In Timber and Stone, The Content is given by the
Solid Foot.

Lﬁ‘ngth 5: ¢ -
Examp. 1. Ina ﬁune{Brﬁadth 38 11} how many folid

Depth 2: 8 fietE
g 1T
5 9 \
10 .+ 97
3.1:.6
O
22 . 6.3
2. 8.0
45, 0. .0 Feet, Inches. Parts.
31. 3.1.6Anfw. 60 : o0 : 8
g gl a.P -
60. o.8.0

" 287. In Digging. The Content is given by the Solid Yard.
Examp. 2. A vault digged g feet deep, 4~ feet long, and 3
feet g inches broad, how many folid yards? :

4 . 6 Length
9 . 0 Depth
.
3 . 9Breadth
121-. 6
20, 3
; O 5 i 5L

27) 151 . 10 . 6 Yards. Feet. Inches. Parts,
Anfwer § . 16 . 10 . 6

»88. If a bullet of brafs of 8 inches diameter weigh 72
pounds, what fhall a bullet of brafs weigh whofe diameter i
4 inches?

Since like folids are in triple proportion to their homologous
fides, diameters, lines, &%. it holds,

As
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As the cube of the diameter given,
To the weight thereof;

So is the cube of the other diameter,
To the weight thereof.

Thatis, As 8x8X8 : 72 :: 4X4X4 : ¢
72X4XAXE _ 72XIXIXE _ 72 _
o 8x8x8 2xz2xz 8

789. If a fhip of 100 tons be 44 feet long at the keel, of
what length fhall the keel be of a fhip of 220 tun?
As 100 : 44X44X44 11 220 @ 44 X44 X 44 X2E.
That is, 44 X44 X4475 Xisthe cube of the length required,
3

3 e
And v 44 X44 X44 X 2% = 44 X ¥v'2,2 = the length.
3
But v'2,2 = 1,30059; therefore 44 v 2,2 = §7,22506.

790- The fide of the cube being given to find the fide of
that cube that fhall be double, treble, quadruple, &¢. in quan-
tity to the given cube,

Multiply the cube-root of 2, 3, 4, &%. by the fide of the
given cube, and the produét will be the fide of the cube re-
quired, &Jc.

Examp, There is a cubical veflel, whofe fide is 12 inches,
and it is required to find the fide of that veflel which fhall con-
tain 3 times as much.

The cube-root of 3 is (per Table in 4+, 482.) 1,4422¢0
Multiply by 12

Anfwer 17,307000

If you would find a fide that fhall contain X as much, :as

much, ¢ as much, &¢. then divide the fide of the given cube
by the cube-root of 2, 3, 4, &,

791. The concave diameter of two guns, being known, to-
gether with the quantity of gunpowder fufficient to charge one,
to find what will be fufficient to charge the other.

Rule. The capacities are one to another, as the cubes of
their diameters.

Examp. If 45 pounds of gunpowder be fufficient to charge a
gun, whofe concave diameter is 1% inch, how much gunpowder
will fuffice to charge a gun whofe concave diameter is 7 inches?

As
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As 3X3IX3 @ 45 11 2X7X7 ¢ 45X X FEXTN

That is 5)(14.}(314}(!4: 45733

#02. Queftions relating to Solids.

1. If a piece of timber 48 feet long, 6 inches broad, and 14
inches thick, coft 10/, what is the value of five fuch pieces
which are 6 feet long, 4 inches broad, and 7 inches thick ?

Picces. Feet. Br, Thickn, L.

Conditional terms I 48 6 14 10

Correlponding 5 6 4 7 A,

Therefore A = 5 X6 x4 X7 }-:m: 25 — 21, 15, 8d.
48 xbx14 12

2. If 300 men, in 15 days, dig a trench 5600 feet long, 6
deep, and 12 wide, how long muft that trench be, whofe
depth is 8 feet, width 14 feet, dug by 2700 men in 25 days.

: Men. Days. Len. Dep, Iid.
- Conditional terms 200 .15, Koo b 12
Correfponding 2900 ‘25 A8 14

Therefore A — 2700 % 2§ X 5600 X6 X 12
3 % 300 X 15 X8 X 14

3. If 248 men, in gi days, diga trench 233 yards long,
21 deep, and 33 wide; in how many days will 24 men diga
trench 332 yards long, 3; deep, and 53 wide?

| Men, Days. Len. Dep, Wid.

Conditional terms Ch s R L SR

Correfponding T YR e
A _ 248 XTI XT35X7X28X4X3X3 __ 189.

e

2 X4 X2 K5 X24XQ93 X7 X1I
4. If 24 men working 189 days, 14 hours each day, dig
a trench 333 yards long, 3% deep, and 5% wide; how many
hours per day muft 217 men work to dig a trench 23} yards
long, 2 deep, and 35 wide in 53 days? g
Men. Days. Hours., Len. Dep. Wid,
23

= 54000.

Conditional terms 2. Srd Rk vl et S0 T 2 AR
Correfponding YT SRS ro Slrateiity ikt

A= 24 X189 X T4 XQ3 X7 XTI X2X4AX2ZX5 __ e
Gl 4 X3 X3R2I7XIIXI35X7 x28 :

e T



Chap. XLV.  Of Meafuring, &ec. 401

To find the fide of a cube that fhall be equal in folidity to
any given folid, as a Globe, Cylinder, Prifm, Cone, or fugh like.

The Cube-root of the folid content of any folid body ‘given,
is the fide of a Cube of equal folidity. So if the content of a
Globe were found to be 15625 folid inches, feck the Cube-
root of 15625, which is 25, which is the fide of a Cube of
equal capacity. :

Dd INDE X,
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parts, of a pound Sterling
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anfwers to Queftions therein
alternate, its application
partial,

total,

Ally, what it is
Alternation of four proportional numbers

}

-

any prin-
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computed at Simple Intereft

Amount :_:f}

an An- ¢ omputed at Compound Intereft

naity

Annuities 3 computed at Simple Intereft
B Lo } computed at compound Intereft
rear
Annuities 3 computed at Simple Intereft
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comparative
Arithmetical proportion, what it is
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Beer-meafure, a Table thereof
Bricklayers work, how to be meafured
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the greateft how found
Common Multiple, what it is
the leaft how found

Dd2

L] =

T T = el e

-

s

;

=

Chz p-
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341
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