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To the Right Honourable

JOHN Earl of RADNOR, .
Vifcount BODMY N, '
Baron ROBARTES Q’f TRURO; &%.

My Lorb, _
HE Reclation I bore to the Author of the follpwing

I Work, gives me a Right to intereft myfelfirf the

guccels of it. To recommend it to the- Publick
with all poffible Advantage, 1s the leaft I owe to the Me-

mory of the beft of Fathers.
t 2 Ture
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' rh,?Mént 5 ggh ow
formance, are in ordmaryCa{Es"@lc 1o

ALt e
mendation to the favour of tlfe“Ptﬂ:hck dnéi if: I am not:*
decewed by the Voict of- Fame, ndr Batbercd by the Report .
of Fnends, the folloﬁi%ng’l'm& nelther of thefe Ad-i; .+
vantages. But whg@etbe tﬁ%&fc of the Author; or the 250

Pcrfonnancc, the Sub_;e& itfclf I‘ am aﬁmd calls for fome - -
Countcnancc and Protc&mn. iz sefhvel

- T.—.qv .'.,._.

TH £ Belles Letsres, My Lo R, he .open to all Manklnd
or pr¢tends to' have fome Relifh for them. But Scxcnoc lies
more conccalcd and morc out of the reach of vulgar Ap-
prehenﬁons-..Somc have not Capacities ‘or a juft Tafte for
MachemancaLTruths and of thofc that havve, few have Re-
folution cnough to purf’ue them wnth a proper Induﬁry
and be their Ufe and Importance ever {o great, they will

hardly emerge under fuch Difadvantages without fbme pow-
crful Encouragement. _ : e
: \.} f

Tuese, My Lorp, are Difficulties ‘mfng from thc na-
ture of the Subje&; to remove which, and to infpire the
Youth with a generous Emulation for fo. noble a Science,

would
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“woild be doing Semoe ‘to the Puhhek,""a,s 'wen‘as
t.beAuthor.. RTINS S ST 5017 o0 3 P48 6 :
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Tan Provmce of Exhortatxon and Inftru&xon I-’lavc' 'to

othexs, ‘and contént myfelf with the: only ‘Method ‘that li‘ ""' o '
within my feach,: of ufhering this Work into the World *un’- W
der the Authority and Protc&xon of fome great Name; one
whofe Birthi:and Quality may give a Dignity to Scicnce; and
by. being a Mafter of it himfelf, has the jufter’ Title o
ipatronize it in others; who does not meafure the worth of | |
a Performance by the fulfom Incenfe of the Dedicator, but
penetrates into the Wark itfelf, and learns from thence r;b_c.
real Abilities of the Writer. . M

It is for thefe Reafons, My Lo r b, that I prefume to'lay
this Treatifc at Your Feet. Su({ér me to borrow Your Lo r.p=
su1v’s Nanie to throw a Luftre upon my Subjed, to-attraét
the Attention of the Lazy and the Prejudice'd ; and to’in-
vite them by fo great an Exﬁmplc. to an Acquaintance with
a Science, whofe Ufe is almoft as cxtpnﬁx’c' as T rugffl itfelf,
and whofe Invention does Honour to Human Reafon.

. o)

Purring this Treatife under Your Loapsure’s Pra-
te@ion I look upon to be a Part of the Author’s Will,  anel

’ which -
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awhich it is inennxberit upon. me:to_cxectey. ; I'Iﬁd.t‘hw
to give, it to the Publick, I.am confident- he veauld: hh:

{fought no other Patron. - Your LorpsHIP Was lns,ﬁzﬂ:gc.. \

. quaintance in the Umvcrﬁty and his ﬁﬂt&hohq’iny@{lgt
he ever remembered with the fincereft Grmmdc) lurmoﬁ
genérous Benefactor. A great Part of the Work was:drawn
up originally for Your Lorpsuir’s Ufe, and: was’foritasty
Years in your fole Poffeffion. And furely, My Eo nu,,:he:e

ds {fomething of Juftice in granting Prote&ion:to 2. Bobk,
which firft opened to You the Beauties of Mathematical’

Knowledge, and to which You are in fome meafure indebt-
ed for that excellent Taft, that fo cmmmtly dxﬁ;ngmfhm

Your Loxnsmp

- Taue Author was honoured with the. F riendfhip of moft
Perfons of Quality and Condition, that ftudied in the Uni-
verfity, though it ended for the moft Part with their Refi-

~ dence there. But Your LorpsurP raifes Fricndﬂaips_ upon

‘more lafting Principles ; the Moment a Man of Merit knows
.You, he becomes your Friend, and when he is once fo, he
_ can never be otherwife. The Author had a Heart extreme-
ly fenfible to truc Worth ; it received a’ very ftrong and-du-
rable Impreflion from the uncommon Share of it he obferv-
d in Your Lorpsuir; his Efteem purfued You. into the

Wq;ld,
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Werld and ‘contined widitinithed Wl HeieR it !ovéa
arid - Hoioured You finicerely and” pﬂﬁohé’ﬁﬁly‘fwhtﬁ’ Kvni’ﬁ;"»‘, ey :

arid ‘rhéntioned You with peculidr T end&neﬁ idd"m
in- hls dymg Momcnts. et

IcaNNOT recal with Indifference a Scene in wlnch"l
bote fo'confiderable a Part, though my Youth rendered e
mcapable of taking my juft Share of it. He was. ﬁiatchea
away at a time when I was unable to make a true Eﬁxmat‘c‘
of the Lofs; when I had only experiericed the Tendemefs of '
the Parent, without enjoying the more folid Benefit of the
Friend and the Inftru&or.

But I will fhut up a Subje&, which can give Your
Lorpsuip no Pleafure, and which muft give me the ten-
dereft Concern. It is an Event th@t had been truly fatal to
me, had not Your LorDSHIP'S Goodnefs prevented.it. This
has taught me to bear a Misfortune which is the common
Lot of all Men; and “tis from this I am daily learning (as far
2s the Ties of Nature and filial Piety will permit) to forget,
.it. Suffer me, My Lorp, to boaft (for there is fomcthx‘xg
of Vanity as well as Gratitude 1n 1t) that in Your fingular
Generofity and Indulgence I have found the fubfiantial Com-

fort of the Fricnd and the Parent. It is with Pride and
Pleafure

- - »
oL FLy .
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?lcafure thatlpmclaim' mtheWorldmy _' tonsto¥ou;
and- it is. with-the. warmeft. Graﬂtude, and*the ““‘m'{, :
ch‘clrd thatIPI‘OfCﬁ myfelf, R i bns,

SRty Sty 181 Tie, i T
S ) : R (I
My Lo&rp, L Rl
.',‘ . 2 . 4‘;::\",
3 ey s ey & ""‘ :
o e T <B:
Your LorRDSHIP'S - Cals

" moff obliged and

devoted Scrvant |

Joun SAUNDERSON.
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ADVERTISEMENT. . °

- €] HE learned Author of this Book baving, in bis paper of  Propofals,

drawn up a fbort Scheme of bis Work, it is thought proper to reprint ..

it bere, in order to give the Reader in a few words an idea of bis per-.
ormance. , : :

This Work (/fays the Autbor) is chiefly intended for the inftru&ion
of young beginners, and for the ufe of thofe who bave fuch under their
care. It is divided into ten books, with an introduction ‘}fcﬁxcd concern- .
ing vulgar "and decimal fraftions ; the former be'ub\g 2 olutcl\y necefiary
to a thorough knowledge of Algebra. In this introduétion, all the reduc-
tions and operations of fractions are fully and clearly accounted for, and
fuch a fund of reafoning eftablifhed thereby in the mind of the learner,
as cannot fail to furnifh him with proper rules to work by in all cafes

_wherever fractions are concerned, without any further affiftance, 7

The firft book treats of the naturc of Algebra and Algebraic quan-.
tities ; of their addition, fubtraétion, multiplication and divifion ;- of pro-
portion, fractions, and extraction of roots in Algebra; and in the laft
place, of the manner of refolving fimple equations, illuftrated by a con-
fiderable number of examples. In this book, under the head of multipli-
cation is fhewn, how by bare multiplication alone many ufeful thearems
may be invented, and have been invented, both in Arithmetic and Geo-.
metry. Under the heads of divifion and extraction of roots, fome account
is given of the rife and continuation of infinite ferie(:s, and how they may
be tried by involution ; but they are here touched npon only fo far as
may be apprchended by the meandft capacitics, all other confiderations
concerning them being referved to other parts of this treatife, where it
may reafonably be prefumed, the learner will be better prepared for them,

The fecond book contains a great variety of entertaining queftions pio-
ducing fimple equations, and folved partly by fingle pofitions, and purily
by more; where all the ufeful methods of extermination arc explained.

The third book treats of quadratic equations, and of the munrner of -
refolving them, exemplified in various queftions introduced for jthat pur-
pofe ; where throughout the whole are occafionally mterfpegied mapy
curious oblervations concerning the roots pf equations, toth poffible and
impofiible.

The fourth book treats of purc Algebra, that is, where letters of the
alphabet are ufed, not only to reprefent unknown quantitics, hut alfo fuch
as are known, which in tendernes o the learner has hitherto been
avoided.  Ilere feveral of the former problems are refumed, more inde-

' finitely
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Fnitcly propofed, -and general folations given them. eneralitheo e LB
or mn{)ns, firfk traced out.analytically, and aftéyyafgz demoniﬁ'ated{yn- g
thetically, whercby the learner miay ‘make himfelf thorough' mafter. of
both forts-of demonftrations. . 3 i DR
" "The fifth book gives the folutions of many curious queftions of that forz 3
which admit of more anfivers than one, and fome everi®of an’infinite =
number, by a general méthod very eafy to be comprehended, and (as the
author conceives) entirely new. Here are demonftrated many elegantand”.
ufeful theorems relating both to whole numbers and fraétions ;° particu-
larly that of Mr. Cofes, for finding the lealt numbers that will exprefs
a given ratio to any given degree of exa@nefs. Here alfo occafion is ta-
Ken to intreduce the reader into an acquaintance with the moft entertain-
ing parts of Euclid’s do&rine of Incommenfurables, wheére he will meet
with more fubtil and more refined reafoning than perhaps in any other
- part of the Mathematics whatever ; and all levelled to the loweft capacity.
~ The fixth book is a choice colle¢tion of fuch queftions as are ufually, . o
known by the name of Dicplantine quefiions; the folutions of them here
aiven are very cafy and intelligible, and in fome cafes perhaps may be
thought preferable to any folutions of the fame problems in Diophantus,
or in any of his commentators or followers: for as Digphantus’s porifms
are entirely loft, he lies, in many cafes, at the mercy of his commentators.-
The feventh book treats in the firft place of the doétrine of propor- *
rion as it is delivered in the fifth book of the Elements.  Here it is fhewn
that the common idea of proportionality may, without the leaft difguife,
be fo enlarged, as to extend to Incommenfurables = and having thus eftz-
blithed an infallible and ndc?uatc criterion of proportionality, the' fifth and
{eventh definitions to the fifth book of the Elements arc thewn to be no
mmore than plain and natural confequences of it, but more proper’ upon
many accounts for Euclid’s purpole, in carrying on his fyftem of Geo- it
mcu?v. Then all the propofitions of the fifth book of the elements are
clearly and fuccinélly demonftrated in-their order, and as near as poili-
ble, in Euclid’s manner, fo as to lofe nothing cither of the.force or ele-
cance of his demonitrations ; and yet fuch an eafy and famiiliar turn is gi-
ven to the whole, that it is to be hoped this book, . which has alwa
been lcoked upon as an vnfurmountable rub in the way through t}fe fg:
sirft books of the Elements, will now be read with as much eafe to the
imagination, may more, than any other part of the Elements whatever.
The latter part of this book gives a clear and diflinét zccount of the com-
pofition and refolution of ratios, and of their great ufe in Natural and
Mcchanical Philofophy : infomuch that it is to be hoped, this part of the
doctrine of proportion will be no longer a myflery to any onc who will
tezd it with the lealt degree of atiention. '

e AT N S
s S o ;

PR

U T e
T .

-
-
i
S

The




““The cighth book applies Algebra to Geometry; and

few plain and eaf  conveys to the ‘mind of the Iéarnerithe mof
wg;m my u-i_gol:'fot}m'fd&i'ocl ,c{lmqthc'" oofition of the Géome- |

trical problems is firft deduced from the analyfs, and ‘then fynthetical de- -
monftrations are formed from the mnmu&xom:h&e,gﬁeﬁ,m‘iny A
regard to the analyfis. The fecond part ofthls‘kook contains the doftrine R
ocig;olids, (o far as it relates to prifins, cylinders, py o m ' :
fpheroids, &c; the principal propertics whereof are taken' out of Euclid, - )
Archimedes and others, and demonftrated after the fimpleft Thannier; with- = -3
out the leaft firefs kaid upon the imagination. e, e b . el
The ninth book confifts of feveral mifcellancous tradls; as firft, of -
powers and their indexcs ; 2dly, of Newfon's method of evolving 2 bino-
mial, confidered in it's full cxtent ; 2dly, of logarithms, their nature and
ufe, and particularly of Briggs's ithms; 4thly, of logaridlmotechny,
or the method of compating logarithms, drawn from their fimpleft pro-
perties;_sthly, of Newton's invention of divifors; and 6thly, of Slc'Ari&i“-
metic of furd quantities. - ’
The tenth and laft book treats firft of equations in general, and then
of cubic and biguadratic equations in particular, gives the beft methods of
refolving them where they will admit of an accurate refolation, and pro-
per rules far approximations where they will not; particularly Newton's
method is here deferibed and explained. ; .
By the account here given it is eafy to fee, that the author intended
this treatife, not as a courfe of Algebra only, but alfo to promote, as far
as pofiible, the fludy of Geometry, by removing or ¢Xp ining all thofe
dithculties which, from a long cxperience, he knows are apt to reiard,
if not difcourage, young ftudents in their rogrefs through the Elements.

I, R LRR oy g f
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Though great care bath been taken to give the publick a corret edition of
(Lis excellent woork, yet there are ftill remaining feveral errors -j/':be prejs,
though moft of them are of litele confequence. If the candid reader will take
the trouble to correét the mioff material of “thofe that are mentioned i the ca-
talogue of errata, T bope and believe, be awill find 1 others that do in the leaft
ebjiure the finfe of the Author. r
There is one taffage in the ninth bos, relating o fone matlers of falf,
wiberein I conceive, the learned Autlhor scas miftaken as to fome Sew pasticu-
lars, concerming which I bad ot an upportunity 10 difcourfe with Lim, be-
caufe of bis Judden and unexpelled fickuefs and-Jeath, The paflage is in page
,20, schere the Author hawving recommended Mr. Briggs's [ifien of legarithms
as the beft aecommodated for praétiee cehich are now n ufe, frocceds in
the folletcing scords : The 1.ord Napeir, a Scotch Nobleman, was the firft ¢
mwenter of Jogarithms @ hut our countreyman Mr. Briggs, Profeflor of '
Geometry in Grefhem College, was undoubtedly the firft who thoughtu?;



- : : g s
+ this fyftem, and propofing it to the noble inventer, the Lord Napefiphe e
: aﬁcnyvmk'pub ifhed it ;gnh that Lord’s confent and ‘approbation, .- » b
_Now #n the firft place I objferve, that our late worthy Profeffor wrote the - .
name _qf tbe..a{élrétzd Fnventer of logarithms differently in different  parts of

bis manufeript'copy. Sometimes be 1s called Nepier, and fometimes eper.
I have af’;gb F‘z‘oaé written by this ‘:’Ilu’“rx'ou?::tbar, and printed in the

. year 1611, which in the title page is fard o be fet fo9rth byi:’b'n Napeir | .
L. of Marchifton: accordingly I have every dvhere inthe following sork,

aufed bis name to be printed Napeir. ‘ e

g {ccondly, -wbcrcasp our autbwf-’.}riles bim The Lord Napeir, a Scotch
Nobleman ; this, Ithink, ought to be underfiood in a qualified fenfe. dn The
Peerage of Scotland -written by Geori: Cx:awfurd ﬁ/’; and printed at
Edinburgh 1 1716, I find, page 364, Str Archibald Napier, eldeff fon
to the forefaid John, was the L/Z of this family that was created g Peer of
Scotland, being raifed to that bonour by ergw(;harlw the firf} in the year
1627, bis father (the imventer of logarithms) having departed this life _/év.(ral
years before, in the reign of King James the Sixth, I confefs, Mr. Briges '
writes bim Johannes Neperus Baro Merchiftonii: but if the account given'
of this family by Mr. Crawfurd be true, the inventer of logarithms can only
be fuppofed to kave been one of the inferior order of Barons in Scotland, and
not a Peer of thet Realm.

Thirdly, whereas Dr. Saunderfon files M. Briggs, Profeffor of ‘
Geometry in Grefbam College; it js true, be was fo, when Na.pcir Jfin;
publifbed bis Canon mirificus logarithmorum ; dut when My Briggs pub-
iifbed bis owen Arithmetica logarithmica iz 1624, be twas Savilian Profeflor
of Geometry at Oxford, asappears from the title page of that book. '

Fourthly, wbhereas Mr. Profejfor Saunderfon faith, that our coun-
treyman Briggs was undoubtedly the firft whoythought upon this fyftem
of logarithms which is now in‘ufe; I know not by wbhat authority be af-

Jerts this. On the contrary, Dr. Keill in the preface to bis treatije de lo-
garithmis wwrites thus : Aliam deinde magis commodam logarithmorum
formam Neperus excogitavit, et communicato confilio com Domino Hen-
rico Brigeio, Geometriac in Academia Oxonrenfi Profeflore, hunc focium
o[scris fibi adjunxit, ut logarithmos in meliorem formam redactos comple--
pleret,  Sec likewifé Brigas's preface fo bis Arithmetica logarithmica, fl

I bave nmothing furtber to add, but that the Reader is obliged to the '
sugenious Mr. Abraham de Moivre fir two excellent performances inferted
in this work : the former at the end of the forurth book, 15 bis curious Solu-
tion of two problems concerning proportionals; and the latter in an appendrx
to thefe Elemenss, is a noble Jj/i’c'..:rr)' of a rule for extralling the cubick,
or any other roof of (what is called) an impoffible bimomial, fuch as a+ ¥y —b,
ard alfs for extrading any rost out of a given power thereof,
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QOxon,

Rev. Dr Comybegre Dean of Cheifl Church, Oxan.

4 Bools.

70!-- Cooke Elq:

Z Cn;.qE i B. A, of Trinity Coll, Cambru!gc
{r. Thomas 'rnfl'wlrlf Scholar of T'rinity Coll.
Cambridge.

Rev.and Hon, Frederick Coarsecalliy M, A. Fellow
of Chrift's College, Cambridge.

Ccr v Cu/ﬂ: College lenn‘ Camb.

-~
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D.

Tbemghkﬂomblc the LordD .
Petér Daval Efgs 41'. .'

. *® dlexander D avie Bl
R Deia ¥ o drar o

Rev. Henry Davits M. A. FcﬂawomeCo!!.
Cambridge!,
Mr. ]L?pr Dnrlﬁl Bookfeller. 3 Books.
Deowfen. |

M¥. William Daxsfow of St. Pétet’s Coll, Camb.
Dr. Deacen of Manchefler.

rancis Dicking LL.D.King's Prof. of Law, Camb.
William Dixon Efq; of Loverfzll, Yorkfhire.
Rev, P. Dixex M. A. Fellow of Q. Coll. Camb.
Rev. Mr, Donxe Reflor of Cathield, Norfolk.
Mr m?ﬂnzbaro Lay Clerk of the -Charch

er.
Rev M. Doutbevaite M. A. Fell. of Magd. Coll.
Cambridge.
William Dch M.B. Oxon.
Rev. Mr. Dring M. A, Fell. of Trin. Coll. Camb.
Davy Durraxt Blq; Norfolk.
_796: Dynely Efg; of Jefos College, Cambridge:
E.

Mzr. Danicl Eagland. =z Books.

Mr. Eecles late of Queen’s Coll. Camb. 2 Booia

Rev. Mr. Edden.

Edinburgh Advocates Library.

Edinburgh Univerlity Library.

© Fobx Egeeton Efq:

Rev. Mr. EglwnM A. Fell. of Gonv. &Cams

College, Camb.

Zarm Elist FAq: of Emman. College, Camb,
Fobw Ellis of Jefus College, Cambridge.

Rev, Sian WM{’I . D. Reftor of Chelfey

* Emmanuel Collcgc Lthry

Mr. Fofeph Engicr.

Charley Evphine Eﬁ] of the Tq'nple

Rev, Mr Erowgh Reflor of Therficld.

Framl Eyles Blgs -
ofeph r,za Efg; of C.T. C.C.

Ro&ri E)'rr Efg; Commiffioncr of the-Excife.

¥ lwn ﬂh Cotton Fl’ H F.

Joku Concper D.D. ReﬁorometBerlh:mﬂad Mr. Gesrge Farran Scholar of Tin. Coll. Camb. | ~ t
Hertfordfhire, and onc of His Majelty’s Chap-  Mr. Farrar of Chrilt’s Coll. Camb. ‘ : ke
lains in Ondinary. Me. Nickolas Farrer. ‘ s

* Nr. Thomas Coxeyer, < Franciy Fauguier Efg; &
® i#illiam Crazen Ely; Charles Feak M. B. of Gonv. & Caius Coll.
Mr, Rebert Crane ofpﬁard ]‘\onlnmr{onﬂurc William Felows Efq R C
Rev, Mr Cumming of Upton Snodibury, Wor-  * The Honoursble Henry Finch Efg; "5

ceflerthire, Mr. Fobn Firth. R
Sir ycl-ll/ Bav. 0ol C.C.CC Mr. Fonathaw Fletcher. e
Mr, Franciy Schobar of K ny's ('.uﬂ Cambr.  Mr. 7. Flescher Maler of the Boxnding Sechnal v
Wilham Casblerss Efgs at Ware.

Mr, FFilliam Fletcher.

Ty 3
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SUBSCRIBERS NAMES %

Mr. Reb, Fale Jy Scholar of Txuugr Coligge, Camb.
® Martin Fslbes Eiqy F.R. § Boob. 4 Royal,
and 4 common Paper.
Mr. Pulﬂr Ferefler of St. Peter's College.
Marmaduke Fothergill Efg; :
M;h Sam. Fotherimgbam near Hoibucb. Lincoln-
: ire.
Rev. Robert Foxlbes M. A. Prefident of Magdﬂcn
College, Cambridge.
Robert Rathes Fuhbf&ﬂ
Sir Axdrens Fowmtain ht.
Rev. Will Fraipneas B. A of Trin. Coll. Camb.
Rev. Mr. Frank:s Rr, of Oxendon and Hardwicke.
Mr. Will. Frantland B. A. of Trinity Coll. Camb.
Me. Jbo. Framkiin Scholar of Trin. Coll. Camb.
Rev. Fobn Freemas M. A. Fell. of Sid. Suff. Coll.
William Freeman Elq:
William Frefom Erq of Mendham, Norfolk, -

G.

* The Right Honoursble Fsbs Marquis of Gran-
by, of Trinity College, Cambridge.

The Right Rev. Martin Lord Bp. of Ghwucefer.

Trin Ga.l Efg; of Alton, Hants.

Rev. Dr. Gally Prebendary of Gloucefter.

Rev. Me. Hiliiam Gardiner Reft. of Hambleton.

Mr. Fobn Carlick of Clare Hall, Camb.

Rev. Fobn Garmett B. D, Fell, of Sid, Soff. Coll,
2 Books.

Rc\ Barrard Gar=ett NILA. Fell.of 8.4, Suf. Coll.

Rev. Mr. (‘arru’ofc GGG

Sie Edecard Gaflieign. Bart.

Tok= (u,(asu Elg;

Rev. Fabn Gaxdy of Iphvich.

Rev. Me, Gelf M. AL Fell. of Exoman. Coll.Camb.

Al (.:5!-:-: Fellow Commoner of Tanicy Hull,
Cambridge.

® Peter Giglard Flas

Mr. Jeka Gill of “York.

Gloncefler Church Libeary

Rev. Peter Gaddard M. A. Fellow of Clare Hall,
Cambridge.

Nr. Rick, (,u"fra B A. of Emman, Coll. Camb,

Gonv. & Cains College Library.

Rev. Mr. Gazdald M\ A. Fellow of Gony. & Caius

College-
M:. Nebere Gzedeich B A of Gony. & Catas Call,
Hexry Grodrag Eigs of Jet. College, Cambrulge.
Me. Themas Gesdarn Sch. of Trin. Coll. Csmb.
Chardey Gaald feyw M. A, Fell. of Bal. Coll. Oxon.
Mr. Thomar Gord:e,
Arrinr Gere Uq
Mr. William Gerfuch, S.:lon
Mr. Georye Grabum.
Mr. Fames Grafas of Hickney.
Sir Regimald Grabam Bart.
(,én,d.tl(r Green M. D, the King's Profeffor of

Ph\ tick in Cambsidge.

a Grees I-w.,
I: Fm.:. s Crecrmend of Jefus Coll. Cambridge.

Rev. Clarles G,mmM.A of 'I'tm.t Coll. Camh.

Sir yccnﬂ b . &:* . -
Mr. Wew > ' )
Lob.cg qxoftbclnner'rcmp < Sngy R
r. Ckrif. Gundry Scbohr oann. Con. Cnnb‘. - sdl
Mr. Jfaac Guyen. -~ . .
- 'I‘hc R:g'htHonounble PEilip Lord Hardevicke,
" Lord High Chancellor of Great Brittin.
s ’Tf;hc nght Honourable Mla Earl “of
CL
. T}e Right Honourable Rebert Farl of Holder- ¢ ny  <ir
The Right Honourable Jsbn Lord Hope.
Mr. Henry Hall Scholar of King's College.
Rev. Sam. Hall M. A. of Trinity College, Camb.
® William Hall Efq:. Fellow of King's Collegey
Cambridge. 2 Books.”
Mr. Gavin Hamilton Bookfeller at Edmbnrgh
Mr. Horace Hemmond B. A. of C.C.C.C. :
Mwm; Hgmmond BookfeHer at York. no <
5.
" William Hanlury Efq; of Kelmarth, Northamp-
ronfh:ee,
. Hunp&rq Hmnnr Efg: 3 Books, one of w!uch
i= Roysl Pa
H. Harbord Elq; of Norfolk.
Nicholas Hardiny Efq: Clerk to t)'le Houfe of *
Commons, 1

Dr. Harding of Derby.
Mr. Samuel Hardimgbam of Norwich.
Rev, Reb. Hargreewves M. A, Fellow of Trnnity

College, Cambridge.

Mr Wielliam Harli n-‘ Schol. of Trin. Coll. Camb,

Mr. Hewry Harw

Rev. Mr. Harneis ) ! A Fellow of Magd. College,
{Cambridge.

Dr H.xrnu‘ghn of Bzuch.

Me. Fofepl Harrir.

David Hartley M. D. .

Mr. Harveff B A. Fellow-Commeoner of Migz-
dlen Callege, Cambridge.

Rev Mr. Harwvey of Cockfield, Suffolk.

Mr. Tho. Hafz I.fu late Mafter of the Royal Aca.

demy at Portfmourh, and F R. S,

Henry Haflisgs qu.of Birminghun.

Mr. Howard Haflengs f -
Rev, Mr. Hazvokins ! i A.of C.C, C.CK

Rev. Mr. Hayter M; A. Arch-Deacon dnd Sub-

Dean of, York.

Williamt Heberdem M. D. Fell. of St John's Coll.

Cambridge,

Mr Adrian Hemet.
Antbeey Hexley Efg;
Rt‘vrr l!nlq Efg;

T'he Honourable Nichelas Herdert Elg;
The Honourable Red, Herbere Efq:
Fekn Herring Efq:

b \ir
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SUBSCRIBERS NAMES.

Mr. Thomas Herring of C.C.C. C.

The Honourable Themas Mervey Efgs.
2bn Hetherington Ef%:.', s

Mr. Fofeph Higgs of Birmingham, Surgeon.

Ry ek B M. F. RS, '

i jamim Hi M. .

. gﬂ. Mr. Headly Chancellor of Winchefter.

Mr. Febe Hades Bookfeller at Mancheller.
2 L

Robere Hsldewm Efqs - .

‘J'h-};;l Holden M?A. of Queen's College, Camb.

Dr. Ler, g

Rev. Gerwvafe Holmes B. D. Rel, of Frieflingficld.

Rev, Frawrir Hosper D. D. Fell. of Trinity Coll.
Cambnidge. - X .

Mr. Frameis Hopins Bookfcller in Cambridge.

M. Laouglren of Mancheller,

Rev. Edevard Hubbard D.D. Mafier of St. Ca-
tharine's Hall 3nd Vice-Chancellor of the U-
niverfity of Cambridge.

Rev, Herry liwbbard B D. Fell of Emmanuel
College, Cambridge. 7 Books.

Mr, Oxen Hughes, Salop.

Kev, Mr,, Natbanicl Hurdd,

Rev. Mr. Hsbands of Afhby de La Zouch.

Cheiflspber Hyfey D. D.

Bev. De. Herten Prebendary of Weftminfler.

Fok. Bastes Efgs of Houghton Je Spring, Durham.

L

The Right Bonoursble Arebibeld Earl of Hay,

Rickard Jackfee Figs of Qu. Coliege, Cambridge.
Ir. Feeise Mathematical-Inftrument-Maker.

\r, Ferarban Fagwes Oficer in the Exafe at
Spaldirg, Liacolafhire,

Febaunes Fallabertss Profefor of Experimental
Philofophy and Mathematics at Geneva

Mr. Jobn Fames Writing-AMalter to the Free School
at Birm:ngham.

Rebere Farees M. D. zt Birmingham,

Alr, Fare M. A Stodent of Chrifl. Church, Oxon,

* Mr, Stephen Theedore Fanfien. = Bools, one
ot which i: Royal Paper.

Me Fole J-fferies Juot.

Rev. Mr. fogiry Reticr of Dnyton, Nosfolk

Me Grifieb Jerkixs,

Mr Teakins BL A u!..(:- CCC

* Glarls Jimeers Brgg

* Guerge Jennings Eigs of C. C. C.C.

“fejus Colisge Library, Cambridge,

Rev Mre Foly Iméer Rector of Abbot's Worthy,
Haunrs.

Piuad Fodivel Jun®. Efy

® St. Jetw's Callepe Labrary, Cambndge,

feba Jobrpn N.D 2t York.

Mr 0 ilisam Jebmion Superviior of the Excide at
Geantham, Lincolaflare.

y.o-n]a[--,‘.'ow Elg ol Magd. College, Cam‘ausc.

® Tlomar Jeres Biigi ol C.CL L. L

* William Jomes Bfgs F.R.S. . 14
Sir E. IBaim Bart. of
tondhire. » 5 b it e L
Rev. Ewfebins Jpam D.D. Re&or‘,ef-..mmh“‘
College, Oxon. S 1 S NP N
James Farix M. D. F.R.S.
Rev, Edmund Keene M. A. ReSor of Stanbope in.
R T S o ar i
CV. Vammer, . ). Vicar o
in Norfolk 3
*® King's College Libra

Rev. 3r. Kinfmen Mafter of the Free-School at
Bury St. Edmund’s.

Ralpb Kuight Efqs
*® Mr. Knight.

® The Right Honourable Hesry Eatl of Lisalw,
ofClare HalL ;
The Right Honourable Jabs Lord Vifcount Ly-

- mingtow.

The K’;ht Honourable Thomar Lord Leigh.

Edacard Lambert Efg:

The Rev. Mr. Thomas Lamplugh Refidentiary of |
York.

Rickard Lawgley Efq: of Grimflone, Yorkfhire.

Famer Leawer Elg: of Hackney. ?

Rev. Timatly Lee M.A. of Trinity College, Camb. -

The Honoursble Edevard Legge Efq: .

Rex. Dr. Legh Viear of Halitax,

Michael Lebewp Efg:

Mr. Michael Lejay.

Ralph Leicefier Elg;

Mr. Cefar Leavis. :

Mr.‘ym Ley Scholar of Trinity College, Camb.

Rev "Mz, Lsfler,

{;6'1.0wa % Rooks
1. =. 12 . .

Rev. Mr. Lanjdale M. A. Fellow of St. Peter's
College, Cambridge.

Rev. Jobw Loawcock M. A, Fellow of Trinity Col-
lege, Cambridge, ¥

——— Lisyd E1q; of Manchefler.

® Pliip Ladwell Eq; of Virginia.

Rev, Masibew Lyse B.D. Fell. of Emman, Cel.

M. /

® His Grace Cbarler Dake of AMarlforesglh,

* His Grice yabt DBLC of .‘fu{axw.

The Right Honourable Thamas Earl of Maltarx.

The Riphe Honoarable the Earl of Morton.,

Dr. M benzie of Waoreefier,

® Me. Codin Malawrin iofellor of the Mithema-
. tics at Edieburgh, and F. R, S

Mr, Mairlasd,

Rev,



* Rev. Mr. Makin M.A. Fellow of Chrift’s College,

Cambri .
 Manchefler Library.” -

swe of Manchefter.

Dr.

Mr. Gesrge Mark at Dunbar.

Mz, Rebert Mariey.

Rev. Edmund Merten D. D. Canon of Wind(or.

George Marten EfG ' g

Jobn F. R. §. Profcllor of Botany in
the Univerfity of Cambridge.

Rev. Mr. Mafiers M. A. Pellow of C.C.C.C.

Mr. Fabn Mande Chymill.

The Honourahle Cbarles Maysard Rig,

@ Dichard Mead M.D. Phyfician in Oxdinary to
his Majelty, Fellow of the College of Rhyli-
cians, andy F.R.S.

Captain Meai. - :

William Mecke Efg; of Trin. College, Cambridgs.

Fobn Merril Elg;

% Lirtleton Peynrz Miynel Elo;

Kc&u Michell Elq:
ev.: Fobn Mickleburgh B.D. Prof. of Chymiftey
in the Univerfity of Cambridge.

Rev. Compers Midileton D.D. Prineipal Libracian

of the Univerfity of Cambridge.

George Middleton EIG;

Tho. Mifbozra M. A. Fellow of St. Fala's College,
Cambridge.

17301, Mildesay Efgs of the Middle Temyple.

Me. Fobn Miller of Hadleigh, Suffolk.

Dr. Milaer of Prefton Hall, Keat.

Mr. Milbm of Bath.

Andrees Migekel Eig:

Me. Abrabar de Msiwre, F.R.S

Henry Monfon LL.D. Fellow of Trinity Hull

o Fiscard Mantags Fiqs 6 Books, one of which
is Royal Paper.

Rev, .\1.’. .'Jollugﬂ B. :\. Fe]:O\\'-Cmnx:xgncr qf
Trinity College, Cambridge-

Mr. Mampenay Fellow-Uommoner of Trin. Hall,

AMre, Msreof C.C. [ e ok

Mr. Thomar Msrebsaft.

Mr, Fobe Pilkington Mergas
Cullege, Cambridge.

Rev. Wiitiam Mirgan B.D. Fellow of Tranuy
Coilege, Cambr.dge.

Cordin Merrice B3

o Rev. Mz, Marris AL A, Felloof Qu. Coll. Camb.

Rev. Mr, Merjz Prebendary of Liwchiiehd.

Roger Mortlci MLA Fell. of Tein. Coll. Cargb.

* Rev. Me. Al M. AL Prebendary of Sarue.

William Monsiener Eig

Scholar of Trinity

N

The Right Rev. Thersar Lend Bihopot Norzcich,
Jhanar Nettlerox M. 1)

Me fobn Newddle AL o Eawnn Coll. Canb
Ry 'D..\. Neseawd 12 L. Dean Wt Uloaccelles,

»!

SUBSCRIBERS NAMES. a_
Mr. Dasiel Newocomb Fellow JCM "l

Rev. Fobw Newceme D.D, Maftes of St, Joha's
College, Cambridge, and Lady Margares's Pro-
{effor of Divinity. 4 Books. . .

Theopbilns Newocossen B?q: of Lincola.

Mr. Anthory Nicholfon.. -

Mr. Nixen. .

Henry Neavcome M. A. of Hackhey. &

BT L B

The Right Honounble Edward Earl of Oxford. .
The Right Homounble Arebar Ozfew Efq:
Speaker of the Houfe of Commons. i,
Rev. Dr. Oakes Reftor of Withensficld, Saffolk. 5 .
Rev. Richard Oatley M. A Fellow of Jefus Coll. SN 7
Cambridge. ‘
Rev. Mr. Ogle M. A. Fellow of St. Peter’s Coll.
Me. Charles Qsborns of Wolverhampion.

P.

* The Right Honourable Henry Earl of Pembroke. : 2

Mz, Fobn Packe of Bury St Edmunds. ) "

Mr. Walter Palliffer of Jefus College, Cambridge, X

Sir Thomas Parkyns Bart. of Bony.

* Rev. Caleh Parnbam B,D. Refor of Ufford,
Northamproathire.

Rev. Francis Sawyer Farris B.D. Fellow of Sid.
Suffex College, Cambridge.

Mr. William Pabley of Jefus College, Cambridge.

Rebert Pate M. A Fell. of Goav. & Caias Coll. .

® Edwand Pauscefort Efgs

Fdaward Pawlet Elg

Natbariel Payler Elg; of Nan-Monkton, Yorkf:.

Fobr Peacock Efq; 0 Ripsoa.

Pembroke Hall Library, Cambridza.

Spemcer Pemrice Efg: of Trini Hall.

Chriflopber Prp{fb Doflor of Malick.

* St. Perery College Lidrary, Cambridge,

Capt, Fsbs Perit of Wolverhampton.

Me. Henry Peverel! Apothecary ax Cambridge,

Me. Daxedall Pigste Schol. of Trin. Coll. Camh.

Mz, Peter Pinnell Stadent of Trin. Coll. Camby;

Mr. Marscosd Place Schol. of Tria. Coll. Cuzo.

Fobn Plamptre Elg;

Fiteryilliam Plampree Bl -

Rev. Charles Phumpese M. A, Fallowf of Qa. Coll
Cambridge. .

Tto. Pointin Efqs of Hurft Picrpoint, Philomath. |

Rowe Port Elq;

The Hozoursble Charles Poelert Efg: c

Mr. Téo. Poaweall Scholar of Trin. Coll. Caml.

Rev. Kenrick Prefior B. D. Fellow of St. Cathta-
rine's Hall, Cambridge.

® Rev. Mr Prime MLA. Fellow of St John's
College, Cambridge,

Samued Prime ]-',.I:i'. one of his Maielly's .\‘v_r»'_mu
at Law.

bz

.
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Quren’s College Library, Cambridge.

R.
* His Grace Charles Duke of Richmead,
* His Grace Fobn Duke of Rutlaxd,

Mr. #illiam Radley Scholar of Tririty College,
Cambridge.

Robert R‘tba Efg;

Rev. Mr Rand Reftor ochvmngton.

Grerge Randslph M. D.

Rev' Dr. Ratcliffe Mafier of Pembroke College,
Oxon, and Prebendary of Gloncelter.

Rev. Mr. Ray C'l'upl:ln to the Lord Bithop of
E5.

M:. m:l-arl Ray Scholar of Trinity Col'lc"c,
Cambrdge.

Mr. Mellinent Redbead at Holbeach, Lincolnfhire

Téomas Reewe M. D.

Mr Gerwafe Remimtes Sch of Trin. Coll. Camb.

Samuel R dfex Efg;

Mr. Fabwa Rbsdes Officer in the Excife at Crow-
lazd, Lincclathire,

Armer Rl(& Efq:

Daxiel Rick Ef ; of Sunning, Berks,

H (A At.l'ara’l's.u M D. of 8. Johr's Coll. Camb.
* Rickard R:;Ig Efq: of C.C. C.C,

® Faba Rebartes Efgi

F«l—rfn Schoaol Libra

Rickard Redizick Ed .3‘1 A. of Queens College,
Cambridge.

NIr. H'sliiam RookesB. A. of Jefos Collegge, Camb,

S1r Dodley Ryder Knighe, His Majefly's Awomey
General. . &

T'he Right Honourzble Péilfp Farl Stazbepe.

I'he Right Rev. Téaxar Lord Bp. of&f‘ﬁun

Ihe h:,h Hon. Fekfx Lord St 7vln i !.Echoc

Tl ok Selire Elg; of Troa. College, Cambridy

k.\ Dr “.1. r.\uh..c.c on of Norfolk.

X fcr- Salier Ot \x‘\c\\.(h
‘u\ sam Salrnr M A Prebend of Gloucefier.

Yoy, Tiemas 5.:.'1;:) LL.B. ot Pembroke College,
Oxon

l)' S"»‘.}’I.

Rev. The S.:'J.'r_é' M A, of Leicefier.

Sir Geerge Saval Bart

Mz Ricderd ;au.n,w'

Nir W ilizew Sexvderon Bart.

Fimund cﬂ-.\(r Elg Masier in Chancery.

® Rev. \r .\.,:r M A oSt Johnhy Lol | Camb.

Soeze E!

Rav. Ay (,r-r o Szt Fellow of WincheBer
College.

Xir Tiemer Siact BJA. of Trinity College, Camb,

Mr.y.s.s:.:b nu.“&' efas
Rev. mm..s.ﬁ.; B.D.

sohed M\"pa ," p

J.&kqv ‘!‘mﬁn& m ¢
1. Sewmi Ooumnoréanat Cﬂ'd. gt

Bexjamin Seaward Efqs - s N
Mr. Mw&hhrof'r" 'ly‘Coll:ge,

Cambrid
Rev. Dr. S‘L‘? '
Re& Gregory Sharp LL. B. of Tnnity Collegc.

Samuel § d E| )
ity

M=, Fames Shors.

Rcv. Sml Suckford M. A, Prebendary of Can-

Sdng SUIIX Co]lege Library, Cam

Rev, Peter Simom M. A Fellow of Tnn. Concge,
Cambridge.

Rev. Mr. Foba Simsfn Re&or of Babwor
Nom h?x’nﬂ:m =2 tb’
”urﬂ Simpfon Efq; 4

\1:: ]R;&rt Simjex Profeflor of the Mathcmam at,

algow.

Frmugg‘rm:” Efy;

Col Hemry Sielton.

Rev. Mr. Shottoae B, D Fellow of C.C.C. C.

*® Rev. Mr, Skeck Fellow of Eton College.

Rev. Mr. uSumr at Nonwvich,

'7955 Smit

* Rev. Rodert s-ub D.D. Profeffor of Afiro- ‘
nomy and Experimentl Philofophy at Cam-
bridge, and Mafler of Meckanics' to His Ma-

Scmr); Smith Efq:

Rev, Mr, S=mizh M. A,

Rev Fabe Semith M. A. of Gonvil and Caius
Colkege, Cumbridge.

M. Smizh of St Peter’s Col!csc, Cambridze.

Stepdde Soame Bl

Mr George Szutharm.

Sir Comrade Spnr_gf! Knight.

Mz, Sgaire M. A. Fellow of St John's Coliege,
Cambridge.

M: EanmudSmJ:r Scholzr ofTr.m:;.- Colicge,
Cambridge,

William Stab o Efg: a3t \ork.

Ctarles Stazlepe Elg;

Rev. Mr & la:u'.;ﬂb h’e Fellow of Chriits Collr
Cambndge. f

Rev. Samae! Stedmen D. D, Pmbcni:rv of!Can-
terhury,

Dr Stencard *

Mr. Fames Stirkimg €.R.S.

Rev. Mr. E<anw Stxck.

Rev. Williem Steres M. A. of Trinity College,
Cambridge.

M. Straban of Triaity Hall, Cambridge,
Me
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' SUBSCRIBERS NA
Mr.wwscbomor'ra;q‘cmp, S

Cambri
Fobn Summers M. B. Oxon.
. T -
* The Right Honoursble Charles Lord Vifcount

vauﬁva& ; .

* The Right Honourable Febn Lord - Vifcount
Tyreommel., - . . :

The Right Honourable Thomar Lord Trever.

Febn T Bf%‘ilof the Temple.

Fofepb Taplor Efqs of Chrilt’s Coll. Cambridge.

Robert Taylor M. D, -

Rev. Walter T, B.D. the Xing's Greck Prof.
and Fell. of Trin. Coll, Camb. 7 Books.

Rev. Giles Templeman M. A. Fell. of Trin. Coll.
Camb.

Dr. Themar Reflor of St Viedaft Fofler-Lane and
Chaplain in Ordinary to his Majefly.

Rev. Robert Thomiinfon D. D.
Mr. Jfaac Thoofon. ’

* Fobn Thersbaugh Efg; of Queens Coll. Camb.
{r, Thoreld M. B. of Magd. Cell. Camb.

*® YobnTiifm Efg;of C.C.C.C

Rev! Mr. Toske B. D. Fell. of Emman. Coll.

* The Honozrable Thoreas Townbend Efq; three
Books ; one Royal, and rwo common Paper.

The Horounble Horaris Tononbend Elg;

The Honocurable Edward Torwnfond Efg; of Trin.
Coll. Camb,

Mr. Towers. ~

Mr. Tefepl Teigge. g

Trinity College Library, Cambridge.

Trinity Hall Library, Cimbridge.

* 1¥:illiam Trumbull Efg; of Eaft Hampftead.
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Casmbrdge. & Bools.

® George Fexables Fermox Ei

The Honourable Fames Fermex Elg:
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Mr. Toomas Upten.

Rev. Mr. ¥ iiiiam 352,

L L

Rev. Rich, Walker D.D. Vit

College, LR y
Mr. Walker of . ARRN Y v e 3
z?.awmqu.n.tmof&.ph'.cot- 2 [T

CZCs C:uthudge. ’ LL } : R 1y
Gilbert Walmfley Efg; . ) o
The Honourable Edwierd Walpele Elgs . J RS s
Rev. Joba Ward M. A. Fellow of Trinity Col- =3 ©

Jege, Cambridge. :
Rev. William Ward M. A, Vicar of Yeadingham p
h{.ndj’ “Sfa > Y:m.ite. i 2 fy

r. = Ware Apothecary. ' b
William Ball Waring Efq:
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Rev. William Warren LL. D. Fellow of T'rinity

Hall, Cambridge. .
Rev. Daniel Waterland D.D. Mafter of Mag-

dalen Colleze in Cambridge, and Chaplin in

Ordin;r{ to His Majefty. 7
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Rev. Mr. Wheeler Reétor of Leake, Nottingham-
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Antbony Wheelock Elgs

Thomas Whickote Elqs N
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Rev. Philip Williaws D.D  Prefident of St
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¢ Pag. 4. in the anfiver to the tenth queltion, for 15625 fect raad 15625 fquare feeb 1S L7 L0
hg.igfl;n.&'ndnmy. Andﬁn.zz,z’.njdecimﬂ. ,s. v : iy

.
-

Pag. 57. lin.. t. read the two firft ] ‘ vt )
Pa d lin, & from the. bottom, resd it was hewn. 3 (5

* Pag. 138. Jin. 12. Jfor fubftitute read fubftitating. - % ik i,
<o Pﬂs. 239- lin’ 4 ﬁtmd’l‘ m"m}xw—w M 'xW'.—::1? “.‘-.v'l y a':*.': ,
.Andintbch& li.nc, f°"‘f‘1"ﬂd—r—1'~ ' - \_ pe ; bt ‘.'. ::i, =

~ In the Second Volume, ' AR S 9.8
Pag. 390. lin. 11, dele mulk. : e LT
® Pig. 536, lin. 14. for xrgiy® read xh—ats?, ~ Al
Psg. 551- lin. 21, for where read when. . AR R ‘ T
Pag. 604. lim. ult. for x=+1 rexd x3. . y) 7
Pag. 658, lin. 4. read DEFIRITIONS.
® Pyg. 671. lin. 3. for binomial read binomial root.
Pag. 683. line 21. read left. ! _

* Pag. 703. in the firt lipe of the fixth example, for -4! read %.
Pag. 738. line 13. dele a. ' - . .4

v : In the Table of the Cbntmts.

® Art. 231, for tace numbers read fevo fouare numbers.
Art. 403. for Napeirs read Napeir's.
Errata in the- Pointing:
Pag. 44- hin. 16. after 4375 put @ comma. L
Pag. 81. lin. 18, at the cad of the ling, after 222, inftesd of 2 comma put 2 femicolon.
Pag. gt. at the end of the fifth example, puc a full flop inftcad of 2 comma. .

Pig. 124. lin. § from the bottom, atthe cnd of the line, pat 2 femicolon inftead of 2 comma.
Pag 167. lin- 25. after no fquare number pat @ femicolon inflead of a comma. e

Pag. 178. line the L&t but onc of the fecond cxample, after ==t puf & femicolon. “
22 —b X :
Pia. 199. lin, 16. afice x= "1~ pat 3 femicolon.
Pag. =38, lin. 7. put a full fop ac the end of the paragraph. o
Pig. 351. lin. 5. at theend of the pargraph, puta full flop inftead of 2 comma.
. ;i
- In the Second Volume. I8

Pag. c12. lin. g from the bottom, fir DEG: but read DEG. But
Pag. 668, lin. 16. for reer: and vice verfa read reot. | And vice verfa.

Pig. 738. Jin, antepen. at the cad of the Jine, afier xxr— JX-42=0 pula cOmmI,




BY THE T

'HARDWICKE C. DEVONSHIRE
MONTAGU

HOLLES NEWCASTLE §. PRUERRE

‘R. WALPOLE

‘W HER E'AS Amtaate Savxprrson, Widow of the late "Nlcnoui'SAvlpxiién'.

DotTor of Laws, and Profeffor of Mathematicks in $is Ma; 7's Univerfity of Cambritye,
and Joun Savnvrrsos, Son, and ANNE Swupus:l‘t?.gmghter of the faid Nrcno-
1As SaUNDERSON, have humbly reprefeored unto [s, that the faid NicwoLas Sauvwpersox, did,
in his Life-time, with great Labour and Expence compofe a Treatife, Intituled, The Elements of Al.

kebra in Tem Books, now printing st Cambridge in Two Volumes in Ruarte, with the Mewsirs of

the Author's Life, the Property of which Treatife and Memdins is'in the abmqemwu?ed ABrcarz,
loux and Ax¥z SAUNDERsOX; and have farther reprefented ‘unto Us, that the id ‘Nicworas
Sauxperoy, did allo compole feveral other Mathematical and Philofophieal Tireatifes, the Pro-
perty of which laft mentioned T'reatifes, is in the aforefaid Jouw Sauxpzraown; and have therefore
humbly befought Us to grart unro them the fiid Asicati, Jorn and Axxg Sauxpeasox, His
Majefiy's Royal Pri\'ilcfc and Lrcenfe, for the fole printing and publifhing the aforefaid Treatife and
Memoirs, Intituled, The Elements of dlgedea in Tem Books, with the Memeirs 2:' the Autber's Life,
for the Term of Fourtcen Years, and alio anto the faid ‘Joux Savxpsrson Hiy Mjeity’s Roys)

Privilege and Licence tor the fole prietirg and publifhing the reft of 1he Treatifes aboyementioned,

for the fid Term of Fourtcen Years; We, being willing to-give due Encouragement to Works of this
Nature, thac tend to the Advancement and Propagation of Leaming, have thought fit to condefeend
to their Requelt, and do therefore in His Majefty’s Name, by thefe Prefents, o far as may be agreea-
Lle to the Statutes in that behalf made and provided, grant unto them the f2id Aztcar, Jons
and Axxe Savsprriow, their Heirs, Executors and Afiigns, His Majeity's Royal PriviRge' and
Licence, for the fole printing and publifiing the aforcfid Treatife and Memoirs, Jotituled, The Eles
ments of Alvcbra inm Tew Bocks, with the Memairs of the Amtbor’s Life for the Term of Fourtcen
Years; and alio unto the fiid Jows Sauxprrson, his Helry, Executors and Affigns for the fole
rinting and publifhing the re® of the Treatifes sbovementioned for the zid Term of Fourt®n
¢ars, to be computed from the Dare hercof; ftri forbidding and prohibiting il ‘His Majety's
Subjects, within His Majefly's Kingdoms and Dominions to reprint, abridge, or tranflate any of the
abovementioned Treanifes, cither in the like, or any other Volume or Volumes whatloever, or to im-
’;m’ buy, vend, utter or diftributc any Cofics of them, reprinted beyond the Seas, during the fzid
crm of Fourteen Years, without the Confent and Approbation of the Gid AsiGan., Jonw angd
Axxg Savsprrrow, their Heirs, Executors and Afigns, by Writing under their Hands and Seals
£rft had and obtaired, 3s thev and cvery of them Ofending herein, will anfwer the contrary at their
Pails; Whereof the Commifioners and other Officers of His Majeliy's Cuftoms, the Mafter, Wardens
sad Company of Stationers of the City of Lesdes, and all other His Majefly's Officers and Mimdters,
whom it may concern, arc 10 Gahe naotice, that duc Obedience be given 1o thefe Prefents, | =
Given at Wbitetall the Twenty Ninth Day of May, One Thoufand Seven Hundred Forty,
a2d in the Thurtcenth Year of Iis Majelty"s Reign. .

By their ExcCELLENCYS Command

ANDREwW SToNE.
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OF THE ) R

LIFE- and CHARACTER‘

OF

r. Nicholas Sazmdet]b;z

Late Lucafzan Profeflor of the Mathematics
in the Univerfity of CAMBRIDGE.

the Public was engaged in the Sub{'cnptlon but
the Author dying during the ImprefTion of the Work,
it is believed fome fhort Account 8f a Perfon fo rcmarkablc
and fingular will be no unaccéptable Entertainment to the

T HE following Treatife was ennrel finithed, before

" Reader. Therefore the following Gentlemen, Dr. TroMas

Nerrreron of Halifax, Dr. RicharpD WILKES of Woolver-
hampton, the Rev. Mr. Joux Borpzro late Fellow of Cbriff's
College, the Rev. Mr. Gervas Hovruss late. Fellow of Em-
; il College, the Rev. Mr. GraxviLe WHsELER, #nd
Dr. Ricuarp Davizs of Shrewsbury late Fellow of ‘Q:'Iems
Collcwc, who were the intimate Fnends of the Deceafed, in
the different Parts of his Life from his Youth to the time of

his Death, have communicated the following Particulars.:
C Mr.
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ii . THELIFE-AND CHARAC ER .
Mr. NiciorLas SAUNDERSON was born m\ja;may Peia.s
2683, aé mym'ﬁékpmg%ﬁ-mmrw, I B
befides a fmall Eftate, had a Place in the Exmfe,vgxch*,he Ry o
enjoyed above Forty Years with good Repute. His eldeft.Son, :
ofjoxzﬁoni Wwe are fg&king, when ':t"_i({glse MIhthsdfd,Jwas
deprived by the Small Pox, not_ only of hfs?i'gﬁ,t, Bi?tf-his
Eyes alfo, for they came away in Abfcefs. A Senfe { little.
enjoyed was foon forgot; he retained no more Idea of Light~
and Colours than if he had been born Blind. g
" He wis frit &atly to the Free Schoo! at Peiitiifton, and
underthe Inftru&ion of Mr, STANIFORTH, laid the Foundation
of that Knowledge of the Greek and Roman Languages,
which he aftétwards improved fo far By his own Application .
to the Claflic Authors, as to hear the orks of Euclid, 4y~
chimredes and Diophantus read in their original Greek. Zip-
gilannd Horaes were his Favousites afiong the Roman Pocts:
Flis Memoty was twell fioted wih thelf rivelt Begutlf] Paf-
fages, and he would frequently in Converfation quote them
with great Propriety. He was well verfed in the Writin
of Thlly, and didtated Latin in a familiar dnd elegznt Skyle.
He afterivards acquired 2 competent knowledge of the French
Tohgie. - W o
As foott as hie had gone thtough the Bufinefs of the Gram-
mat School, his Father, whofe Occupation led him to be
converfant in Numbers, began to infttu& hini in the com-
mon Rules of Atithmetic. Here it was & Geniis fitft ap-
peared; he fbon became able to work the conimon Queftions,
t6 make lotig Calculations by the ftrefigth of his Mepmory,
and to form néw Rules to himfelf for the more ready folving
of fuch Problems, as are often propofed to Learners, more
with a defign to perplex than inftruct - fo that in all Diff-
culties, his Schoolfellows genenally applied to him infteid of -
theit Mafter, '

*




Fortune and a Loyer of the Ma.(hcmatmsf&o.ohf og Mr.
SauNDERSON’S Uncommon Capacity, tack the Pains to inflra&
him in the Principles of Algebra and Geometry, and .gave
bim every Encouragement in his Power- to the Profecotion
of thefe Studies: forefesing of what Advantage 10 Letters o
- great a-Genius might be. Soon after, he grew acquainte:
with Dr. NeTTLETON; and it wasto the great Pleafure thefe
Gentlemen took in aflifting and improving him in dhis Stu-
dies, that our Author owed his firft Indtitution in the Ma-
thematic Scienc®. They furnifhed him with Baoks, and”
often read and expounded them to him: but he foon -
pafied his Mafters, and became fitter to teach, than learn any
thing from them. e

Ouz Author’s Paffion for Learning grew with ‘him, and
his Father, willing to encourage this laudable Dpofition, -
fent him fo 2 private Academy at Aterciff mear Sheffield.
Logic and Metaphyfies made up the principal Learning of
this §chool.” The former heing chiefly the Art of Difpu-
tng 1a Mood and Figure, a dry Study, wnuch coaverfant
m Words, the latter dealing in fuch ahftra@ Ideas as haye
ot the Objedts of Senfe for their Foundation, were neither
of them agreeable to the-Genius of our Author; he therefore
made but a fhort Stay here for Inftru@ion. |

ArTer he left thisiPlace, he remained {ome time in the
Country, profecuting his Studies in his own ‘way, without
any Guide or Afliflart: indeed he needed no other than'a
good Author,:and fome Perfon that could read it to him: by
the Strength of his own Genius he could cafily mafter any
Difficulty that occurred therein. His Education had hither
to been carried on at the Expence of his Father, who hav-
ing a numerous Family, grew ureafy under the Burden. His

c3 Friends
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iv, " THE LIFE AND'CHARAGIER®

Friends therefore began to think of ﬁnngfhld;g"fomeimy; C - g
“of Bufinefs, by which he might fupport himfelf, “His‘Incliz™ =

nation led hini ftrongly to the Univerfity of Cawm3®7bes,
where he cxpedicd to mect with the beft Opporcusitis of
Improvement in his favourite' Studies.”- But:  great ‘Ex-
pence of Education, the length’of Time ' he-muft continue
there to obtain his Degrees, and be duly qualified”for'any of |
the Liberal Profeffions, were Difficultics not'to be furmotint=
cd. Atlaft it was refolved he fhould try his:Fortune:there,
but in 2 way very uncommon; not asa-Scholar but a Mafter:
for his Friends, obferving the extraordinary’ Proficiency
which he had already made in Mathematical Learnifig;'and
. a peculiar Felicity of Expreffion in conveying his Ideas to .
others, were fanguine in their Hopes, that he might teach
the Mathematics with Credit and Advantage, even in the
Univerfity. Or if this Defign thould mifcarry, they promifed
themielves Succefs in opening a School for him in Londpn. .
Accordingly in the Year 1707, being now Twenty-five
Years of Age, he was brought to Camsrince by Mr. Jossua
Dy, then a Fellow-Commoner of Cbriff's College, where
“he refided with his Friend, but was not admitted a2 Member
of the College. The Societyt were extreamly pleafed with
fo unufual a Gueft, allotted him a Chamber, the ufe of their
Library, and indulged him in every Privilege that could be
of Advantage to him. But many Difficulties obftru@ed his
Defign: He was placed here without Friends; without For- _
tune, a Youth untaught himfelf, to be a Teacher of Philo< -
fophy in an Univerfity where it then reigned in the/greateft
Perfe@ion. Mr. WhisTon was at this time in the Mathema-
tical Profeflor’s Chair, and read Lecures in the manner pro-
pofed by Mr. Saunprrson; fo that an Attempt of this
kind looked like an Encroachment on the Privileges of his
Office. But as a good-natured Man and an Encourager of
Learning




OF PROFESSOR SAUNDERSON. ‘v
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‘Learning; he readily. cénfcntéd'to'tlgt:_'ﬁpplic’%bn’ vof Fricnds & ¥
‘made in _behalf of {o extraordinar a Perfon. ' Mr’Duxn‘had
been very affiduous in making known his Chgr‘af&d';hig 73
‘Fame in a few Months had filled the Univerfity, fothatMén .

of Learning and Curiofity .grew ambitious and ?bndof*hm
Acquaintance. His Lecture, as foon as opened, was atfend-
ed by many from feveral of the Colleges, and in fome time

‘was fo crowded, that he could hardly divide the Dayamﬁng -

all whe were defirous of his Inftruction: few, whofe' Incli-

nation led them to the feverer Studies, but eagerly-embraced

the Opportunity of laying a Foundation in Mathematics'and
Philofophy under fo great a Mafter. DR e
Sir Isaac Newron had left Cambridge feveral :-Years:be-
fore Mr. Saunpzrson came thither. His Principia Mathema-
#ica had been long fince publifhed, but were at firft over-
looked, and not fufficiently underftood by the World. Itwas
one Defign of this Treatife to demolifh the Portices and other
romantic Chimeras of Des CarTes: and now the Learn-
ed began to be fenfible how much the Author had done to-
wards a Reformation in Philofophy; which before had been
founded upon very erroneous Principles, and Hypozhefes feign-
ed in the Clofet, without ape Experiment to thew their Re-
ality in Nature. SirIsaac, ever ftudious of brevity, had drawn
up his Demonftrations in the concifeft manner poffible ;
leaving the Mathematical Reader to furnifh himfelf with eve-
ry thing before known, and often to take large Steps alone.
His Treatife: of Opries and his Arithmetsca Univerfalis were
both written in the fame mafterly Style, and each’ contain
great and peculiar Difcoveries. . Mr. Saunprrson made
thefe feveral Pieces the Foundation of his Lecture ; they af-
forded a noble Field to difplay his Genius in; and the Pub-
lic Schools of the Univerfity did fufficiently teftify his Suc--
cels. For thofe wonderful Phenomena of Nature, whofe So-
lution
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* lation was before atrained with Difficulty by the beftMa-

- thematicians, became the 7hefes, which the Youth of three

or four Years flanding defended:in their Difputations for
their firft Degree in Arts. We every-Year heard the Theory

of the Tydes, the Phensmena of the Rainbow, the Motions

of the whole Planctary Syftem as upheld by Gravity, very
well defended by fuch as had profited by his LeQures.

It will be matter of forprife to many that our Author
fhould read Ledures in Optics, difcourie on the Nature of
Laght and Colours, explain the Theory of Vifien, the Effe@
of Glfles, the Phensmena of the Rainbow, and other Ob-
Je&ts of Sight: but if we confider that this-Science is altoge-
ther 0 be explained by Lines, and fubje@ to the Rules of X

- » it will be eafy to conceive that he might be 2
Mafter of thefe Subjects. :

As Mr. Saynprrson was inflru@ing the Univerfity
Youth in the Principles of Newtsriazn Philofophy, it was not
long before he bocame acquainted with the incomparable
Author, and enfoy'd his frequent Gonverfation conceraing
the more difficult Parts of his Works. Dr. Harizy, Mr. De
Morvxe and many of the moft noted Mathematicians in
London highly efteemed his Friendfhip, and in deference to
fiis ftrong Reafon and Judgment, frequently confulted him
concerning their Writings and Defigns. -

Uron the removal of Mr. Warston from his Profeffor-
{hip, Mr. Saunperson’s Mathematical Merit was univerfally
allowed fo much fuperior to that of any Gompetitorin the U-
mverlity, that an extraordinary Step was taken in-his Favour, /| ~
1o qualify him with a Degree, which the Statutes require. '’
‘Upon Application made by the Heads of Colleges to the Duke
-of Sonersertheir Chancellor, together with the Interce{lion of
the Honourable Francis RosarTss Efg; a Mandate was rea-
dily granted by the Quzex, for conferring on him the De-

gree
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gree of Mafter of Arts..  Upon which he was'chofen By

" fran Profeflor of the Mathematics in November: 1712, ?’:Du»

ring this whole Tranfiftion. Sir Js4ac Nawron interefted
himfelf very miuch in his Favour. _ I

A'r this time the ingenious Mr. Roc¢er Corrs filled the
Plumian Chait of Aftronomy and Expetimental Philofophy:s
a Man of great {weetnefs of Temper, and engaged to our Au-

thor in the firi&eft Friendihip; of the fame Age, of the -

fame Genius and Inclination to the Mathematics, both ap~
proved and recommended to Profefforfhips by Sir Isasc New+
ton. No Univerfity could ever at one time boaft of two fo
capable and fo difpofed to promote the Study of Philofophy

among her Pupils. Had they lived to triore mature’ Ages,

mutually affifting and infpiring each other in the purfuit of
Knowledge, what Glory might have ac¢rued to our Univet-
fity, what Advancement t Science from their united La-.
bours! But Mr. CoTes was hurried away by a Fever in the
Flower of his Age, having only time to compofe 2 few Pieces,’
as Specintens of his extraordinary Capacity, but of great va-

lue to the Learned.  And our Author’s Life, though longer,-
was fo devoted to Lectures, that he now leaves to Pofterity:

as few Monuments of his Abilities.

Ovr Author's firft Performance 2fter he was feated in
the Chair, was an Inauguration Speech, made in very ¢le-
gant Latin, and a Style truly Ciceromian : it was. delivered
with fuch juft Elocution, and in a manner fo graceful, as to
gain him the univerfal Applaufe of his Audience.  <In it he
firft returned his Thanks to Her Majesty for the Royal Man-,

date, to the Chancellor for his ready Application to ‘the-

Quecen, and to the Ele&ors and the reft of his Friends for
their good Opinion of his Abilities and Mathematical Know-

ledge.  To thefe he added a long and noble Encomium on
the

/
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the Mathematics, fhewing the ‘Excellence/and
this above-every other Method of Reafoning. .} Sit5ony
* Frouthis time he applied himfelf clofely:to the,reading
of:Le&ures, and gave up his whole time to.his Pupils: {o .
He continued 2mong the Gentlemen of Chriffs College il .
the Year 1723, when he took a Houfe, in Cambridgey:and..
foon after married a Daughter of the Rev. Mr.. WiLLraM
Dickons late Rector of Boxworzh in the County of Cambridge;:
by whom he had a Son and a Daughter, both now living. -
In theYear 1728, when His prefent Majefty King Georcr, -
the Sccond honoured the Univerfity of Cambridge with a

Royal Vifit, He was pleafed ‘to fignify his defire of fecing fo

that his Friends foon loft all the Pleafure of his Converfation, - .

~ remarkable a Perfon. Accordingly our Profeflor, attehded

upon His Majefty in the Senate Houfe, and was there created .
Doctor of Laws by his Royal Favour. PRI S -y
Dr. SaunpErson was naturally of a ftrong, healthy:
Conftitution ; but being too fedentary, and conftantly con-
fining himfelf to his Houfe, he became at length a Valetu-
dinarian of a very Scorbutic'Habit. For fome Years he fre-
quently complained of a Numbnefs in his Limbs, which in

 the Spring of the Year 1739 ended in a Mortification it his

Foot.  His Blood was in {o fll a State thit no Art or Medi-
cines were able to ftop its Progrefs. . He died the 1gth of
April 17395 in the Fifty-feventh Year of his Age, and lies
buried according to his Jaft Requett in the Chancel at Box-
worth. i

AFrTER his Life, it may be expedted that fome 1fAccount
fhall be given of his Character likewife ; but T am at a.lofs
for Colours, ftrong enough to paint a Charaer o bright and
uncommon, and where to place it for View, in the trueft
Point of Light. A blind Man moving in the Sphere of a

Mathema-




 which it has appeared:  Tuilly -menﬁoﬁsfit’-.'a's;*av'thmgf oo e

credible in his own Mafter in Philofophy” Disdosus®, « that
« he exercifed himfelf therein with more affiduity, after hie
« became blind: and what he-thought next to impoffiblc

 to be done without Sight, that he profefled Geometry; de-
« fcribing his Diagrams {0 exprefsly to his Scholars, that they
“ could draw every Line in its proper Dire@ion.” St. Yerom-
relates a more remarkable Inftance in  Didymus® of Alex-
andria, who «though blind from his Infancy, and there-

« fore ignorant of the very Letters, appeared fo great a. Mi-

« racle to the World, as not only to learn Logic, but Geo- -
¢«metry alfo to perfection, which feéms the moft of any thing:

« to require the help of Sight.” The Charad&er of Didymus

is celebrated, among other Hiftorians, by Cajfiodorus; who

makes mention alfo of one Exfebius © an Afatic, who accord-
ing to his own Account of himfelf, « had been blind from
« five Years old, and yet had treafured up in his Mind all
¢« kinds of Learning, and cxplained thein likewife with the
« greateft clearnes to others.”  And Zrithemius gives a like

Inflance in one « NVicajfe® of Mecplin, who though blind from -

* Cie. Tufc. Difp. V, 39.  Dicdstus Stoicus, cecus multes annos, noflre domi wixit r is
v, quad credibile wix effety cim in Philofephia nudts etizm magts afidué quam antea ver-

Jaretury mee— qum guod fine sculis fieri pojfe vix videtur, Geometyie mumus tuchatnr, preci-
prons difcentsbus, unde, guo, quamgue lincam [eriberent, -

* Hicronymus de vins Dlult, Cap. cix. Didymus Alewandrinus captus a parva wtate ccu-
lisy 3 ob id elementorum guogue ignaves, tantum miraculum Jui omnibus preebuit, ut Dialefti-
cem gueque I Geomerriam, que vel maximi vifu indiget, ufque ad perfellum didiceris,

¢ Caffiedorus de Inft. Div. Liter. cap, 5. tadic de parsibus Afie quendam ad nos Nentfle
Enfebism nzmine, gui fe infartem quingue anmornm fic cacatum ¢ffe narrabat, ut jfm'/lrrm:
craes ccnlum fuiffe excavarum erdis prgﬁmh;/ﬁmm mdicaret : dexter wers globus vitrés cxlore
carfufus fine widendi gratia infructusfis wifibus welvabatur, oMiic — difeiplinas emmnes 33 ani-
ma retinsbat, & expafitione planiffima Jucidubas, : :

* “Prichemius de Seriptoribus Ecclel. N veccrxxvr. Nicafius de Voerda, Mechlscicf,
i el G 0eris &lalis fiuur anng 6isly), o /J'.'tm..":.-m noflva wtate Didymum Alexandyi-
wast exbibwit, duwm in omni dertvine & fooentio, tam divina quam bumaora eruditiffimmus ek,

Naton i _r.]n:m{ﬁv Calorgs 1t furr frbiice decuity ltbros utv'infqmjuri:, UOS BENGUIPT T

ity anndica Jid0 52, tinned monte, wPerts vacetazt,

d “ the




¥  THE LIFE AND CHARACTER.
« the third Year of his Age, yet, like another Didyn 2 be-
« came fo great a Mafter of all Learning and 'Khowled

« divine and human, that in thé' Univerfity ‘of am«ﬁ e’

« publicly taught the Canon and Civil Law, ‘openly retiting
« Books which he had never feen, but had'leamt:by ohly
~ <« hearing them read to him.” Befide thefe I haveheard
mention made of an Hollander, if not fome others,’ who
notwithftanding their Blindnefs have excelled in' Mathemati=
cal Learning. | - B o e
It is remarkable of the few, who have laboured under
this Defect, and the flill fewer, who had Genius ¢nough to
furmount the Difficulties attending it, that {6 many fhould .’
be found to excel in Learning, and.particularly in the Ma-
thematics, as the two firft above mentioned certasnly did,
and probably the others alfo. But if we confider. that the
Ideas of extended Quantity, which are the chief Objes of
Mathematics, may as well be acquired from the Senfe of
Feeling as that of Sight; that a fixed and fteady Attention
1s the principal Qualification for this Study, and that the
Blind are by neceffity more abftra@ed than others, we fhall
perhaps find Reafon to think there is no other Branch of
Science more adapted to their Circymftances. It is faid of
Democritus that he put out his Eyes, to enable him to think
the more intenfely ; « imdgining, fays Zully, the Acutenefs
« of the Mind was taken off by the Sight of the Eye.” And
1t was an Obfervation frequently made by our Profeffor, that
Diagrams which are intended only as helps to the Imagina-

tion, are often the means of mifleading the Judgment. Itig ~

certain, however ufeful they may be to the Learner, yet the’
Inventer muft in all Cafes proceed without them. The Scheme
muft be ere@ed in his Imagination, in Circumftances as ge-

. o - - . .- . - . - - >
:.C w. Tk, Difp. V, 39. Demscrisug — smpedivi etiam grimi aciem afpeltu ocularum
arditralatur,

neral
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OF PROFESSOR SAUND. RSOW ey
neral as the Propofition, fuch as cannot .",5;‘174_‘? neated  upo
Paper. And Iam confident, that any onic. who ' is defitous |
of more than a general Knowledge. of. thefe: Thii gs,“who
Books, will find his Mind greatly affifted and-enlarged, by
accuftoming himfelfto think and reafon in the Circumftances
of a blind Man. But a Perfon who has tbehm&un'e:t&be s
fuch, and is deprived of all the Pleafures of Sight, will more
frequently and more clofely retire into himfelf, and finding
few other Amufements but in the purfuit: of Truth, will be
more likely to excel in thefe abftra& Sciences. :

. Tue fame Circumftance may poffibly contribute fome-
thing towards raifing the Genius beyond its natural Pitch,

in fome other Arts, particularly Mufic and Poetry. The Poet

indeed muft firft have his Imagination filled with all the beau-
tiful Variety of Images in Art and Nature, which the Sight
only can fupply: if he then be deprived of that Senfe,

'So much the rather may Celeyfial Ligln' '
Shine imward, and the Mind through all ber Powers -

Irradiate -

as our blind Poet exprefies it. Accordingly in the Catalogue
of Epic (the fublimeft kind 8f) Poets, we find two &lind
Bards, furpafling all that any Age or any Nation have pro-.
duced in the Flights of Fancy. And I cannot but wonder
the very ingenious Enguirer into the Life and Writings of
Flomer, who endeavours to account for the great Genius, from
1 Concurrence of natural Caufes, thould take no notice of
that Circumflance, which was fo peculiar to his Pott.

It was by the Senfc of Feeling our Author acquired moft
of his Ideas at firft: and this he enjoyed in great Acutencls
and Perfe@ion, as it commonly happens to the Blind, whe-

ther by the kind Gift of Nature,.or the Neceflity of Applica-
d 2 P | (>
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+ tion.  Yet he could not, as fome have imagined, (and ;}M

»
-

-Boyle was made to believe of a blind Man at. Maeﬂficlptj%dij—: A

/ 4
s
. ¥ ‘. :
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ftinguifh Colours by that Senfe; and having ‘made repeated. - o

Tryals'himfelf, he ufed to fay, it was pretendingéto,lm“pfoﬁi;
bilities. But he could with great Nicety and Exaé@nefs dif
~cern the leaft Difference of Rough and Smooth in a Surface,
or the leaft Defe& of Polith. Thus he diftinguithed in‘a.
Set of Roman Medals,  the genuine from the falfe, though
they had been counterfeited with fuch Exa@nefs as to de-
ceive a Connoiffewt, who had judged by the Eye. 'But fays

the Profeflor, «I, who had not that Senfe to truft to, could

« eafily feel a Roughnefs in the new-caft, fufficient to diftin-
« guith them by.” His Senfe of Feeling was very accurate
in diftinguithing the leaft Variation in the Atmofphere. I
have been prefent with him in a Garden, making Obferva-
tions on the Sun, when he has taken notice of every Cloud
that difturbed our Obfervation, almoft as juitly as we could.
He could tell when any thing was held near his Face, or
when he pafled by a Tree at no great Diftance, provided
the Air was calm, and little or no Wind: thefe he did by the
different Pulfe of the Air upon his Face.

I'with I were capable of cntertaining the Curious with
the many Contrivances he had, to fupply his Defe& of Sight.
He had a Board made with Holes bored at the equal Di-
ftance of half an Inch from each other: Pins were fixed in
them, and by drawing a Piece of Twine round their Heads,
he could more readily delineate a] re¢tilinear Figurés ufed

- in Geometry, than any Man could with a Pen. He had ano- |
ther Board with Holes made in right Lines for Pins of diffe~ ©

rent Sizes. By the help of thefe he could caleulate, and fet
down the Sums, Produéts, or Quotients in Numbers, as ex-
actly as others could by Writing. By the help of an Armil-
lary Sphere, the Schemes in Geometry that lie in different

Planes,

o
U
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OF PROFESSOR SAUNDERSON. xiii
Planes, and the regular Solids cut in Wood,:-and{te:Form . -
of feveral Curves made after the fame manner;” he was'able’” "/ & <% i
on thefe Subje@s to convey the cleareft Ideas fdfhisi*ﬂi:’]iihig"‘ Ba e 65 i
- A refined Ear is what fuch are commonly blefled’ with; - R
who are deprived of their Eyes. OyrProfeffor was perhdps =~ =
inferior to none in the Excellence of his: he could readily™
diftinguifh to the fifth Part of a Note, and by his Perform-
ance on the Flute, which he had learmned as an Amufe-'
ment in his younger Years, difcovered fuch a Genius for Mu-
fic, as would probably have appeared as wonderful, as his'
Excellence in the Mathematics; had he cultivated that Art:
with equal Application. By his Quicknefs in this Senfe he
not only diftinguithed Perfons, with whom he had ever once* ek
converfed, fo long as to fix in his Mémory the Sound of their
Voice, but in fome Meafure Places alfo. He could judge of
the Size of a Room into which he was introduced, of the’

Diftance he was from the Wall: and if ever he had walked - .
over a Pavement in Courts, Piazzas, &c, which refle@ted =
Sound, and was afterwards condu&ed thither again, he could
exadtly tell whereabouts in the Walk he was placed, merely -
by the Note it founded. : |
Tur Reader muft greatly admire the Strength of his Me-
mory, when affured that he could calculate in his Mind,
multiply, divide, extra& the fquare or cube Root to many -
Places of Figures; could go along with any Calculator in -
working Algebraical Problems, Infinite Serics, &c; and im-
mediately correé the Slips of the Pen, as well in Signs as 1n
Numbers. Thofe who read to him had frequent Occafiofis
of admiring his great Sagacity and Quicknefs of Conception ;
with how much eafe he followed any Track of Reafoning,
and with what Art he ftored up in his Mind fuch Parts, as
would ferve him to recolleét and ruminate upon the whole.

Indeed in the more abftrufe Parts of Mathematics, where the
Scheme




xiv.  THE LIFE AND CHARACTER © ™,
Scheme was very intricate and: perplexed, they often foind
it difficult to rate in. his Imagination a clear and diftin@
Perception of it: but that once done,” he feldom or never”
required any farther Afhftance; his Mind retained ﬁ> ftrong-
Jy every Impreflion that was once rightly made. upon it “By
the help of thefe ftrong Facultics, a clear Tmagination; tena-
cious Memory, and quick Reafon, the Books of Mathema-
tics lay ever open to him; he faw the whole in one View,
every Dependency in the Chain of Truth. Thus he knew
how to found every thing on the moft eafy Principles; and
1o compofe with the mfteft Symmetry and Order. oy @

As m the Knowledge of the Mathematics he was exqui-
{ite, and equal to any, fo in the Addrefs of a Teacher, he
was perhaps fuperior to 2ll. This Quality was confpicuous at
his firft Appearance in the World, and muft have been high-
ly improved by long Ufe and Experience. He feemed per-
feitly to know what Difficulties young Minds.are apt to be’
involved m, and how beft to obviate or remove them. His
Expreflion was ftrong and clear; and his Method fo juft and
natural, that no one was at a lofs to follow him. He was very
happy inall the Arts of facilitating a Demontftration, in form-
ing curious Pofitions to help the Imagination and obviate
the Difhiculties of Conception. I dare appeal to the follow-
ing Sheets to determine, whether the feveral Propofitions,
which- have pafled through the Flands of Euclid, Archimedes,
Diophantus, and the greateft Mafters both ancient and mo-
dern, have not been greatly improved under his, by lower-
mg the Ground-Work, and rendering the Strucure ‘more
plain,: yet more ufeful and fubftantial. :

Hirs Inclination led him to thofe Parts of the Mathema-
tics, which are not the moft abftracted, and end only in
Contemplation. A Propofition muft have its Ules, in order
fo engage his Attention.  Either the Mcthod of Enquiry muft

: help
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OF PROFESSOR SAUJ{DE?(S’& 4
help to-form the Mind, and teach new Modes 6f R&

" or the Propofition itfelf muft tend to fomeGﬁod,“l’btﬁ-,‘Im- . g
-provement of Lifé or Science. He conﬁdefedMadreﬁi?ﬁéséb i gpates 2 ot o

the Key to Philofophy, ‘as the Clue to dire& us throtigh“the
fecret Labyrinths of Nature; and - thought the ‘Mind' was
more highly entertained as well as improved in unravelling
" Her Works, than inveftigating the moft fubtile Properties-of
abftra& Quantity. :

As to the Geomerric and Analytic Metbod# of Rcz'i'oxiing,. :

each of which have their Advocates and Favourers among
the Mathematicians of the prefent Age: our Profeflor, Ithink;

did Juftice to both, in allowing each the Advantage on dif-,
ferent Occafions, and making ufe of that which feemed the

moft proper for the prefent. The Geometric being the moft
Intuitive, and conveying the ftrongeft and cleareft Ideas to
the Mind, he allowed preferable, where equally obvious and

cafly of Application. But as it was often otherwife, the Ana— -

lytic advancing us in Science much fafter and fasther than
we could have gone by all the Methods of the Ancients, and’
being the very Art and Principle of Invention, He thouglit
the Moderns were greatly aflifted by the ufe of it. R

Our Profeffor would not be indyced by the Defires and
Expe&ations of any, to engage in the War that was lately
traged among Mathematicians, with no fmall Degree of Heat,
concerning the Algorithm or Principles of Fluxions. Yet he
wanted not the greatcft Refpe for the Memory of Sir Isaac.
NewTox, and thought the whole Doctrine entirely defenfi~
ble by the firiGeft Rules of Geometry. He owned indeed that
the great Inventer, never expeding to have it canvafled with-
fo.much trifling Subtilty and Cavil, had'not thought it ne-
ceffary to be guarded every where by Expreffions {o cautious
as he might have otherwife ufed: for he wrote only for fuch

fincere Lovers of Truth as himfe]f was.  But the general
Averfion
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Averfion he had to all Controverfial Writings mmeld,h;m RO T
from appearing in this. However, as: hc-;int’endéafan&h;f LI AT
Volume to his Algebra on the Fluxionary Part, he therede- -
figned-to be particularly accurate and explicit upon the 4~ =
gorithm; with an indire& View to.the Controverfy on-foot;
and to obviate, the beft he could, every Difficulty that had
been ftarted. Coreke e Ty

I cannot upon.this Occafion pafs by the Name of Sir Isaac ™
NewTon, without mentioning the profound Veneration paid
to it by our Profeflor. If he had ever differed in Sentimentfrom
any of his Mathematical and Philofophical Writings, upon
more mature Confideration, he faid, he always found the
Miftake to be his own. The more he read his Works, and s
obferved upon Nature, the more Reafon he found fo admire '
the Juftnefs and Care, as well as Happinefs of Expreffion of
that incomparable Philofopher. He has left fome valuable -
Comments on the Principia, which not only explain the more -
difficult Parts, but often improve uponthe Do&rines, and"
which may in their prefent State be no unacceptable Prefent
to the Public, though far fhort of any thing he would him-=
felf have publifhed on that Subjedt.

Tuere was fcarcc any Part of the Mathematics, on which -
our Profeffor had not wrote fomct‘hing for the ufe of his Pu-
pils. But he difcovered no Intention of publithing any of
his Works, till the Year 1733: when his Friends, alarmed -
by a violent Fever that had highly threatened his Life, and
being unwilling that the Labours of fo great.a’Man fhould
be loft to the World, importuned him to fpare fome time
from his Le&urcs, (which he then attended feven or eight
Hours in a Day, to the great hazard ‘and prejudice of his
Health,) and to employ it in finithing fome of his Works ;
which he might Jeave behind him, as a valuable Lcgacy both
to his Family and the Public. e yielded fo far to thefe In-

treaties,

R




OF PROFESSOR SAUNDERSON.
treaties, as to compofe in a very fhort time. the,
Work, which he left perfect, and tranfcribed fair fort :

I neep not fay much of the Nature ‘of it but:referythe.
Reader to the Contents, . and to the Book itfelf.; qu'v*xll’;éi‘:l}‘
* obferve, it was chiefly intended for the Inftru@ion ‘'of young:
Beginners, and for the ufe of thofe that had fuch-under their -
Case. The Author has therefore been very: explicit and ac-
curate in the expofition of every Part, and taken great- care \
to exprefs his Sentiments in the moft fimple and cafy manner:
His Defign was not only to complete a Courfe of Algebra,
but alfo, as far as poffible, to promote the Study of Geome-
try, by removing or explaining all thofe Difficultics, which
by his long Experience in teaching, he found were:apt to
retard, if not difcourage young .Students in their Progrefs
through the Elements. And further, as Algebra is init'sown
Nature an Art of Reafoning, and may be confidered as the
Logical Inftitutes of the Mathematician, the Author has been
every. where attentive to improve the Mind, and to furnith
it with every Method of Reafoning that may be ufeful in 6ur
Refearches into Nature. He has often expofed the fame
Truths to us in feveral Lights, as we arrive at them by dif:
ferent Methods of Enquiry : fince this ferved to illuftrate the
Confiftency of thofe Methods.* He has alfo taken every Oc-
cafion to obferve the Tranfition of Truth from one Law to
nother: to obferve the Confiftency of it’s feveral Laws in
the moft intricate Cafes, where they feem moft to thwart
and contradiét each other, as if Nature were put to her Shifts
to preferve that Confiftency and Uniformity which is gvery
where the Charaderiftic of Truth. Such Obfervatigns can-
not but fuggeft to the Mind the -moft fimple and natural
Ways of difcovering Truth, and muft thercfore be great]y
snftrucive, as well as entestaining, to all who arc engaged
in thefe Enquiries. .

¢ Bur
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4By, the learned Mathematician, muffnotiwilydform G
his Judgmcnt of thc;AuthorsCapaaty*;M‘tbe}:fg}b;pidg LR R
Work ; which'is of a Nature..too low for.the Exerciferofsfo -
great 2 Genius. Yet the Reader will from.hence learn-to: la< ‘
‘ment, with mc, the Lofs of a Life fo valuable:to-the leaincd
World, when he was juft entering upon Defigns; whichsihad
he lived to execute, would have greatly enriched .our Trea-
fure of Mathematic Learning, and have proved: Monuments “
to lateft Pofterity worthy of his Name. His Manufcripts were
all left (for the Benefit of his Children) to the Care and Dift
pofal of Joux Rowartrs of Zwickenbam Efquire,: naw:;Earl
of Rabpnor; from whofe Love and Efteem for: Letters. and
- learned Men, and particularly the learned Author; the Public
may be well affured, that thefe Remains will be fo difpofed
of, as to be moft advantageous to Science, and honourable:to
their Author. R R Lo 2 [
Tue Talents of Dr. Sauxperson were not confined to -
the Study: when he put on the Companion, none fupported
Converfation with greater Wit and Elegance. His Difcourfe
was {o enlivened with frequent Allufions to Obje@s of Sight,
that there appeared no Defe& of the blind Man. Nathing
was obferved of that Difrelith of Humour, nothing of thofe
Abfences and Inattention to Difcourfe, which ufually blemith
and charaéterife Perfons devoted to thefe feverer Mufes. His
Judgment on the various Paffions and Interefts of Mankind:
vas equally acute as on the Subjects of Philofophy. The
Force and Spirit of his Expreffion furprifed and fixed the
Attention of all that heard him. But above all, the Mathe-
matician’s Reverence for Truth thone forth in every Circum-
ftance of Life and Converfation, and added a Luftre to hjs
moft fhining Qualitics. His Sentiments on Men and Opi-
nions, his Praifes or Cenfures, his Friendfhip or Difregard
were exprefled without partiality or referve. ‘This Franknefs

~of



OF PROFESSOR SAUNDERSON. "
of Teniper endeared “him' to'all fucl’ as”were ﬁﬁ(\é MG his o5&
Acquaintance and Efteém;’ but'raifed him tip what Eh l;ﬁ‘ SR
he had, and betrayed him to feveral-Animbofities, which Men.. - -
of more Art and Complaifance would ‘have chofe to'avoid;, =
at the Expence -of o fcrupulous and fo difinterefted a'Sin~
o - e SN AR BN o, Gk

It would be thought an" Omiflion in thefe Memoirs of
the Life-of Dr. Saunperson, if no notice were taken of the
manner in which he refigned it. The Reverend Mr. Gervas
HovMmEs informed him, that the Mortification gained fo much
ground; that his beft Friends could entertain no*hopes of his
‘Recovery. 'He received this notice of his approaching Death
with'great Calmnefs and Serenity ;.and after a thort Silén‘c'é',‘-} o8
refurned Life and Spirits, and talked ivith as much Compe~
fure of Mind as he had ever done in his moft fedate Hours
of perfe& Health. He appointed the Evening of the follow-
ing Day to receive the Sacrament with Mr. Hormes 3 but be- .
fore that came, he was feized with a Delirium, which conti- *
nued to his Death, '

-
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JHE Author of the follrwing Piece, (who is Dr. SAUNDER-
" soN’s immediate Succelfor in the Profeffor/bip,) has been
prevailed on to let it be inferted here, as an Hluftration to fome
of bis Performances; though it was originally defigned for

another Place.

Tuat the learned and ingenious Dr. Saunperson, late
Lzucafian Profeflor of Mathematics in the Univerfity of Cam-
IRIDGE, notwithftanding the lofs of his Sight, was able to
make Jong and intricate Calculations, both Arithmetical and
Algebraical, is a Thing as certain as it is wonderful. This
appears beyond all Contradiction, not only from his elabo-
rate Treatife of Algebra now publifhed, but from other un-
doubted Monuments ftill in being. He had contrived for
his own ufe, a commodious Notation for any large Numbers,
which he could exprefs on his Abacus, or Calculating Table,
and with which he could readily perform any Arithmetical
Operations, by the Senfc of Feeling only; which therefore
may be called his Palpable Arithmetic. As I have had an,
Opportunity, by the favour of Mrs. Saunpgrson; of viewing -
and examining feveral Specimens of this Arithmetic, which
by good fortune he had compleated and left behind him,
though he has not left the leaft Hint by which his Method
might be difcovered ; T had the Curiofity to prapofe to my-

felf
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felf the decyphering (as it may be called) of thefc8

others may have the fame Curiofity,. or as this Method may
poffibly be of ufe to other Perfons, whofe Misforturie; may

 place them inlike Gircumftances, I {hall here attempt;to give

a fuccin& but particular Account of it. Mg Mgy
Hrs Calculating Table was a fmooth thin Board, fome-
thing more than a Foot {quare, raifed upon a {mall- Frame-,
fo as to lic hollow; which Board was.divided by a great
Number of equidiftant parallel Lines, and by others asmany,
at right Angles to the former. The Edges of the Table were
diftinguifhed by Notches, at about half an Inch diftance from
one another, and to each Notch belonged five of the afore-
faid Parallels; fo that every fquare Inch was divided into an
Hundred little Squares. At every Point of Interfe@ion the
Board was perforated by {mall Holes, capable of receiving 2
Pin; for it was by the help of Pins, ftuck up to the Head
through thefe Holes, that he expreffed his Numbers. Heufed
two Sorts of Pins, a larger and a fmaller Sort; at leaft their
Heads were different, and might eafily be diftinguithed by
fecling. Of thefe Pins he had a large Quantity in two Boxes,
with their Points cut off, which always ftood ready before
him when he calculated. And thefe were his Inftruments,
of which we muft now fee the ufe. : o
I~ order to this we may firft obferve, that to every nu-
meral Figure a little Square was appropriated on the Table,
confifting of four of the little contiguous Squares above de-
{eribed, and which therefore allowed a {mall Interval between
cach Figure; and this numeral Figurc was different, dccord-
ing to the different Magnitude or Situation of the one or two
Pins, which always compofed ir. For which Purpofe he had
fettled in his Mind, and ftritly obferved, the following A~
nalogy or Notation. A great Pin in the Center of the Square
' (which,

LA0%
in which I have fucceeded to my.own Satisfaction! - And'as ) 3
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(whichs, and no;othery; was-always its Placejawasailofpher; . 288
or.0,-and. therefore I {hall. call -itiby etlntSMm'e.?x.z’Itsighief}:f L"f{l:f:- e
Office was, to preferve Order and Diftance amonghisBigired 5,
and Lines:. . This. Cypher was always prefenty except-onlyiin
the Cafe of an Unit; to exprefs. which;the greatRintin the
- Center was changed into a little one..- When:2was;tojbeexx:
prefled, the Cypher was reftored to its Place, .anid the little™~
Pin.was put jult overit. To exprefs. 3, the Cypher remain~
-ed as before, and the little Pin was advanced into the upper
Angle on the right Hand. To exprefs 4, the little;Pin de-
{cended, and immediately followed the Cypher:. To:éxprefs
5, the little Pin defcended to the lower Angle on-the right, .
Hand. To exprefs 6, the little Pin retreated, till-it-was-juft |
under the Cypher. To exprefs 7, the little Pin retreated :in-
to the lower Angle on the Jeft Hand. To exprefs 8y the lit-
tle Pin afcended, till it was juft before the Cypher..: Eaftly,
to exprefs g, the little Pin afcended into the upper Angle on
the left Hand.  And thus all the Digits were provided for,
by an cafy and uniform Notation, which might readily enough
be apprehended and diftinguifhed by the Feeling.. But to”
thew thefe Digits or Figures more diftin&ly, I fhall endea-
vour to reprefent them by a Scheme., Sce Fig.I.
- Axp thus he could write .down, as we may fay, any pro:
pofed Number upon his Table, and by lightly running his
Fingers over it, he could at any time readily read it, and
know what it fignified. The great Pins or Cyphers, which
were always placed at the Centers of the little Squares, and
moft frequently at equal Diftances from one ancther, were 4
fure Guide to dire& him to keep the Line, to afcertain the
Limits of every Figure, and to prevent any Ambiguity that
tight otherwife arife.  As three of the erect Parallels were
fufhcient for a fingle Figure, fo three of the tranfverfe Paral-
Jels would fuflice for a Line of Figures, and the next three
for



for -afother Line; and fo on; without any"Dangés of ikerh,
fering:;’ And thus it:is not'hard to corceive; hiow! K& might

- have any Number of Lines of Figures upoti'his Tablé at'the:

PALPABLE ARITHEHMETIC! i
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fame time; in-a defcending order, or how Hé"mig'ﬁf‘:‘tfél’iaé "

“ Teceglv

onc Number from: another, or in a word,’ how"he' might
make any Computations required. He could: place and’dif2
place his Pins, -as: Fhave been :infortned, with' incrédibls.
Nimblenefs and Facility, much to the Pleafure and ‘Surprize
of all the Beholders. He could even break off in thé middie
of a Calculation, and refume it when he pleafed, and coiild:
prefently know the Condition of it, by only drawing his'Fin2!
gers gently over the Table. There is an obvious Expediént;
which, efpecially in long Calculations, would have made the'
Procefs very expeditious, and therefore I queftion not'but he
had often recourfe to it. And that is, to prepare the Table’
beforehand, (which any other might have done for:him,) by’
filling ‘every third Hole of every third parallel Line withlarge
Pins, or Cyphers. - Then when he intended to calculate; he’
would have nothing elfe to do, but to compleat every Figure;’
by adding a fmall Pin in its proper Place. Except when an
Unit was to be exprefled, in which cafe he muft have changed
the large Pin into a {fmall one. v )
Tue Specimens of this Arithmetic which I have perufed,
and reduced to common Numbers, are certain Arithmetical
Tables, which he had computed and preferved for his own
ufe; but for what Purpofes they were calculated .does' not”
calily appear. They feem to have fome relation to the Ta-
bles of natural Sines, Tangents, and Secants; "but their full
ufe I muft leave to future Enquiry. They are four Pieces of
folid Wood, of the Form of re@angular Parallelepipeds, each
about cleven Inches long, five and an half broad, and fome-
thing above half an Inch thick. The two oppofite Faces of
every one were divided into little Squares, after the manner

of
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. of the Abacus above defcribed, but they were, perforated on-
ly in the neceffary, Places, where the Pins were ftuck faftiup!
to the Head. Each Face exhibited nine {mall ‘Arithmetical: ™
Tables, of ten Numbers each ; and every Number, general-:
- ly fpeaking, confifted of five Places or Figures. For.farther
Gtisfa&on I have delineated one of thefe fmall Tables, both:
as I found it, ‘and-as-I-have interpreted it: SeeFig: IL '
Bur befides this Arithmetical Ufe of his Table; which
was indeed its principal and primary Ufe, he could defcribe:
upon it very neat and perfect Geometrical Figures, . confift-
ing of right Lines, any- how interfeing one another, of which
I have feen fome Inftances. ~ This he did two ways, cither:*
by Pins fet in Rows, which ' exhibited the appearance of
pricked Lines; or by Pins placed only- at.the Interfections.
Then by winding a Piece of fine Thread or Silk about their
Heads, he could very well exhibit any continued ftrait Lines
at pleafure, or any Syftem of fuch Lines. . ‘Whether he had
palpable Letters alfo, fomething like Printing Types, to-di-
{tinguifh the feveral angular. Points; and to affift in demon-
ftrating the Properties of thofe Figures, does not now: appear.
If he had found any occafion for fuch Helps, his fruitful Ge-
nius would eafily have fupplied themt It ismot very difficult
to conccive likewife, how the fame Table might poffibly be
applied to the reprefenting all kinds of Algebraical Equations;.
and to the feveral Redudions of fuch Equations, efpecially
by the ufe of the Types aforementioned, or fomething like it.
And he might have Types, in the nature of Pins, for the
common Algebraic Signs, and to infinuate the feveral Ope-
rations; by which means his Table would- bear a near refem-
blance to a Printer’'s Form: which I queftion not but he could
have read by his feeling only, if he had ever applied himfelf
to it. I have been well affured, that he could fpell very
welly that he knew the Shapes of the Letters, both Small and

Capital,
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Capital, and would fometimes amufe himfelf, wheq.Oppo:. o
tunity offered, by reading the Infcriptions upon 1 Tomb—Stoncs?: e
with’ hlS Fmgcrs ~He has been ‘often heard ‘to tegret ve:y
much, -that he did not apply himfelf to learn to write in Ins s
younger Years, which (as he affirmed) he made no quefh?)n 5 f e .
but he could have eafily accomplifhed. None of thefe thmgs[ .. :
will appear incredible to ‘thofe, who have known him give =~ °  *
his Judgment with as much Accuracy upon’the goodnefs of - |
a Mathematical Inftrument, and the juftnefs of its Divifions,

by examining it only with his Touch, as the moft judicious -

Eye could have done and he was'often confulted on this:
Occafion. This at leaft s evident, that he could manage ,

all kinds of Equations, and other perplext Calculations, with
great Skill and Sufficiency ; but how far he relied upon the
Strcnorth of his Imagination, (which was-certainly very great,)
and when he had recourfe to Mechanical Contrivances to af
{ift it, I will not undertake to dctermine.

Frox what I have already defcribed, and from many
other ingenious Devices of the like Nature, which I have
feen, T hall conclude with this general Obfervation, that as
the knowledge and ufe of Symbols,+(or of fenfible and arbi-
trary Signs of mtclle&ual Ideas,) is of the greateft Importancc
and E\tcnt in all Parts of the Mathematics ; fo he had in-
vented a new Spccms of Mathematical Symbols, unknown
and unheard of before, which were particularly accommo-
dated to his own Circumitances. The fenfible Symbols, com-
monly received and made ufe of, to rcprcﬁ.nt Mathcnntic’hl
Ideas, and to convey them to our own,or to the Minds'of
others, are derived from two of our prmcqul Senfcs, and arc

either audible or vifible. ‘The audible Symbols, it is truc,
he made good ufe of; and acquired much of his Knowledge

bv conv u‘imﬁ with others, but chlcﬂ) by hearing ctixcrs rcad

all the beit Mathematical Authors to him. But lie was cn-
£ txrc_ly :
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tirely deptived 6FEhE 5T of vifible SBoK) whfoh to s we
find are {o abfolutely neceflary, as that weallg?ys“ jge
- the greateft and mioft valuable Part.'of; ourMagﬁegzau
Knowledge by. their Means. ° W}mt‘.did‘hedé;ﬁ%@q%@k
it.thould feem): infupgrable‘Diﬂiculty,"in\.gl"q_@?ﬁ. Afanin by
great Thirft after this kind of Knowledge !’th)"ﬁ‘EzEﬁ Nt
courfe to another of his Senfes, which he had mgzgg}r, Pere
fetion, and fubftituted Feeling in the place of Seeln%.;»xby
nventing a Sort of Mathematical Symbols; whlch\\‘.ﬁ%; ¥
call palpable or tangible Symbols. Thefe he made%@gto
convey thofe Ideas to his Underftanding, which were denied
entrance through his Eyes. © Thus by the afliftance-of thefe
Symbols, imperfet and inadequate as they needs muflibe;
and by the help of a quick Apprehenfion and obftinate Per-
feverance, he fucceeded in thefe Sciences to Adniiration.
Thefe were the Inftruments, as unfit as they may feem,: by
which he conveyed to his Mind the moft abfirufe andffublix‘x_jé
Mathematical Ideas, and by which he was enabled to deduce
from them the moft gencral and ufeful Conclufions. This we
muft all confefs, if we have any degree of Candour, as well

as Eyes and Underftanding, o be very extraordinary and fur-
prizing. I cannot but reprefent to my Imagination, during
the whole courfe of his Studies, the Idea of a great Mathe-..
matical Genius, ftruggling under the greateft Difadvantages,
and labouring under the fevereft natural Inabilities and Dif=
couragements. Yet whatever Difficulties he meets in his way,
by a happy Sagacity and ftubborn Induftry, he finds as many
Expedients to overcome them all; refolving not to relinquifh
his purfuit, but fteadily to perfift, till he is {uperior to all Ob-
{tacles, and till he has gratified the no mean Ambition, of
placing himfelf in the fielt Clafs of Mathematicians. |

A'.
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s e A Second Advemfem e
O aC S T\ T Y e 1 :
S:FNCE tbe utm qf tbe ﬂrmer Aa‘vertz/' i { 2 . *:za&&) ¥
“with the izjcqfan] ra?/Iatxmquapc:r'sBo?i mtdl_{dA e
fesiptioh of the admirable ‘Table of-Logarithmies, perufed and W@ > '
2bé Autbor: bimfelf; -and printed in. tbe year 1616.. From wbcﬁ Bwl‘ktrbpg-
pears, tbat He. meI s tmd not ‘Briggs, was lkazj& the inventer. g ofsthe. i
Svfern’ f gmtbm: now in ufe, as I bad before obferved. For tbu:bew:tes;, B
book 1. chap. 4. fe&. 9. pag. 19, 20. Butéecaujétbeaddztzouand ﬁ:&lz’!}r) Ehaptatn /8
“tionof thefe former numbers may feeme fomewbat painfull, T intend { R By, i
& fhall pleafe. God) in a fecond Edition, to fet out fuch Logarithmes asfbal.
« rm;ke tbg/e numbers aboue written to fall upon decimal. mlm&r: ﬁccp a6 TR
¢' 166 000 000, 200 000 000, 300 000 000, &Fc. which are ea_/?e 20 be ad-
“ ded or abited to or from anyot er number.” Asother quotation to “be ﬁ'ﬂk
purpofe, from the Author’s Rabdologia, publifbed it the year 1617, may b Jeep
indMr. Profeffor W ARD’s Lives of the Profeffors of Grefham Coll cgc, pi12%.

Amamrﬁ Profeffor SauNDERsON’s Queftions for Exercife i in the Rulc
of Three, there are fome which belong to the Double Rule o Zf Tbree, where frve
numbers are given in order 1o find a fixth; as in the t rt)'jécond queftion, .
pag. 13. If two men in three days will earn four fhillings, how- much-
will ﬁvc men ecarn in {ix days? Where the numbers given are 2, 3, 4, 5,6
the three firft of <which are akways in the conditional part of the guq/?zon anJ
the other tawo in the remaining part, awhich moves the queffion. It is alfo’to
be noted, that in all quefiions b:‘/ongmg to the Double Rule of Three, the nunt>
bers are [b to be placed, as that the firft and the fourth, the _/écand and the
Jfifth, the third and the number Jfought, ”}d) be of the fame denomination re-
(peively ; as in the queftion propojed : 2 men, 3 days, 4 fhillings ;" 5 men;
'6 days, ﬂullmos required.

Thefe things bmzo' premifed, the Profeffor's firft rule is this, pag. 14. I nt
all queftions of tlub nature, if the three laft numbers be multxplxcd toge-:
ther, and the produét be divided by the produét of the two firft, tl‘c quo-

x6
tient will give the number fought. As in fhe gac]hon propofe d Fieg

=20, the number fought. Again, in the !btrt)'f.b:rd guefien, If f{)r the

carriage of 3 hundred weight .,c miles I muft pay 7 fhillings and 6 pence,.

what muﬂ 1 pay for the carriage of 5 hundred “cught 6o miles? The.

terms are 3 hundred wetghe, 40 miles, -" : fhillings; 5 Tundred weight, 6o
cix gxE o

miles.  drjic. Si=-—— =18, rthat is, 1S fBiliings and g pence, :

f 2 i Tbsre'
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fﬂm-u anotba' ca_/e", wherein srverfe w barset
lbe thirtyninth yue{:m, pag. 16. If two acres of lgnd il

borfes four days, bow-long will five acres maintain fix-horfés L“,.H""':'" g5 o

lain, that inver|é proportion is concerned :_for the Jame qi  Jand
Ir’mmta:fz 7 fix borj'es but balf the time that 3t WH[ MMYZ!&-

fore for refoloing queftions ¢f this nature, the Profefir propofes u fecond rule, .' i

‘pag. 17,18, Inal qucﬁtonsﬂb:lﬁmg to the Doable Rufle: =

verfe, where the numbers are fuppofed to be ordered as mthe Double %;g; :

of Three direct, - if the three numbers be mulnphe& :
the produ¢t be divided by the product of the. two extremes; -

of this divifion will be the number fought, s 7 tbe tbxrtymtb gwéﬁmr i T,

the order of . £be ferms being 2 acres; 3 horfes, 4 days; «gﬂcrs, 6%
thercfore :4.): =g, tbemmberqftbedaysﬁuglvt. o Ty Ehed

‘..4 .l‘|

But bere it mz.;/} be objerved, that the terms of this queftion are tapable of
being ranged in a {?mzt order, thus : 1fthree horfes will eat np :ﬁd

of two acres of land in four days, how long-will fix horfwbe in atmg up ‘

that of five acres? Here the order of the ferms given'ss, 3 horfés,; 2" acres;
4 days; 6 horfes, 5 acres; according to which order mtber this rule nor
Ibe formt'r awrll _/blw the quefiion.

Wherefore, to clear this difficulty, and to_find out, in wlmt order the Pro-

Jeffor’s fecond rule requires the terms given fhould be placed it may be ufeful
20 inveftigate a general Theorem for r ohng all queftions in the Double Rule

of Three. This I [kall do in tbe metho pa ofed by the late Mr. WARD of

Chefter, in bis Introduétion to the Ma ematicks, part 1. chap. 7. fe&. 3
pag. 9 6, where be denotes the fix quantsties in qzleﬂwm belonging to the Dou-.
ble Rule of Three, by thefe fix ketters, P, T, G, p, t, g; the capitals P, T,
G denoting the terms in t conditional pa\-t of. the gmﬁxon, as the j'mall ot~

rers p,t, g da the other terms, of the [ame denomination awith their refpeitive .

‘tapstals. P,p Jign ify the pnncxﬁal terms, or caufes of the gain, Ioﬁ or ex-
perce mentioned 1n the queftion ; T, t the times (as in queft. 32 and 39) or
Jpaces (as in quefl. 33) wherein the _/a:d gain, lofs, or expence is produced ;
and G, g the gain, I ofs, or expence stfelf, arifing from the principals in the
G fm:/&ta' times or [paces,

Nww in order to form a Theorem for refolving qugﬁzom in the Doublé Rule _

of Three dircé, let us take any particular queftion, as for example, the f(btrty-
./uonl If 2 men in 3 days will earn 4 fhillings, how much will ¢ men

fumt 6 days? Where 2=P, 3=T, 4=G, §5=p, 6==t, and gis the

vamber fought.  This queffion then may be refoloed into tawo proportionalities,

thus : 1f 2 (P) men \» ill earn 4 (G) fhillings in a given time, ¢(p)men

will earn 10 ( ' ) thillings in the fame time. Again, Ifi in 3 (T') days

- 10
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in this order, P T, G, p, t; the. fermfougbtbang g-— P;l;:, it umﬁﬁ

that the term fought is found, by dividing the prodult of the. three laft tmif i
given, by the produtt of the two ﬁr_/}, atcordmg to the Pro gﬂ'ar’s ﬁrﬁ"" gy
Letisrioww take the thirtyninth quefiion; that we may wa,. B
orem for refolving gueftions of the fame nature wu‘b it, .awbich. 6: to ?b: AP
Double Rule of Three inverfe. If 2. (G) acres of land will mam g ST
horfes 4 (7") days, how long will g (f) acres maintain 6 A S
queftion 1 re_'/blfve into two proportionalities: firft info tbuw w 70 i %

nality, .If a certain picce of ground' will mamtam n‘P) horfs é,
it wall ma.umm 6 {p) double the number of ho

that is, 2 ( ) days: Secondly, into this direci.one, If2 (G) acres wxll

maintain this double number of horfes 2 (———) days, 51{g) acres wﬂl

T
maintain them § (g: s ) days. Therefore t; the number fought, R Go
And multiplying both fides by Gyp, wwe bave the fame Theorem as &ﬂre,
Gpt==gPT, which ther¢fore 1s a general Theorem jor jblt:dg all gueftions, in
the Double Rule of Three, whether direft or inverfe. e the order of
the terms given in the tbtmlmrt/.» queftion is G, P, T, %.P; anJ f nce a. j?) t,

the number fought, is_found equal to gPl')I‘ bmﬁre according to the Pro- =
feffor's fecond rule, if the produt of the three middle terms be divided by tbe

produtt of the two extremes, the quotient will be the term Sfought.

But 1n the pratifing (y' this fecond rule, care muft be always taken to mal'e
the term G the firft in order : and then, rf t be fought, as in the thartyninth
quefton, the order Qf the terms given woill be G,P, T, g,p, asbefore; but if

p be fought, the order will be G, T, P, g, t. And laﬂl) o 1 think I fcarce need
m ohferve, that if g be the term: /mo-bt ‘the vperation muft always be nade by
the Profelfor’s firft Y'dlr, wwhere the order of the terms is P,'T, G, p, t, asin
the thirty /»'cond and thirtythird qusftions ; or r?/i- g EL o G t, Ps wbzcb comes

to the _/umc' thi mng.

The’
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EF.ORE I enter upon my province, it may not be amifs to ac-
quaint my young difciple what preparations he mmmake;”md
what qualifications 1 'ex{)o& of him beforehand, that we may
neither of us find ourfelves difappointed aﬁmrds»l»é&k

then that he knows how to add, to fubtraét, to multiply, to-divide; ‘to

find a fourth proportional, and to ‘extra& roots, efpecially the fquare
root: nay I m(geé}t)o further, that he fhall not only be able 'toy perform all
thefe operations exaétly and readily, but alfo that he fhall be able to apply
them upon all commen occafions; in a word, I expe@ that he‘be
tolerably well fkilled in‘common Arithmetick, at leaft fo far as relates
to whoz: numbers: for this reafon it is that I have prefixed a few arith-
metical queftions, wherein he may firft try his ftrength and fkill beforc
he ventures any further ; they are for the moft part very eafy, I cannot
fay indeed they are the beft chofen, but they were fuch as laty in my way

when I firft begun this work and was haftening to matters of greater mo- -

ment, and I do not fee but they may, if ftudied with care and attenti-

on, anfiver well enough the end they were intended for: If he finds no

ditiiculty in thefe, he will have little reafon to doubt of his fuccefs after-
wards; but if he does, he onght then at laft to become fenfible of his
own defe¢ts and to endeavour to fupply whatever is wanting, and to cor-

o2

rect whatever is amifs before he enters himfelf under my conduét ; in

the mean time he has my leave to hope that I fhall be lefs upon the re--

ferve wich him when he falls more immediately under iy care.

N. B. The praxis of the rule of proportion, and of the rule for ex-
tracting the fquare root, not being (properly fpeaking) of the nature of
fiumple psfulata, but rather deducible from the four firft; I fhall not
fuil to demontirate thefe rules o foon as I fhall find proper opportunitics
for that purpofe,

7 e o . %
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2 QUESTIONS 185 "
- Queftions for exercile in Multiplication.®

Multiplication is taking any one number called the mt;l_tipligmdﬁ?éﬁ, i
ten as is exprefled by any” other number called the multiplicator, and the
number produced by this operation is called the produét: whence it follows,.
that the produc contains the multiplicand as often as there are units in

the multiplicator, and that if a number of a greater denomination is’to be. e s
reduced to an equivalent number of a lefs, it muft be done by multipli- & -

_cation.  As for example; Ina pound fterling there are 20 fhillings ; there- | i?,t‘*
forc in every fum of money confifting of even pounds,.‘there arc twenty. Lo
times as many fhillings as there are pounds; therefore if any number of SR
pounds be multiplied by 20, the produét will be an equivalent number:of iy
{hillings ; and the fame mutt be obferved in all other cafes. = V5 BN R

QuEST. I. - v

It is required to reduce 456 pounds, 13 fRillings and 4 pence into fbillings,
pence and farthings.

Anficer.  Shillings 9133
Pence 1096oo0
Farthings  438400..

O UES T, 2

A certain ifland contains 36 counties, every county 37. parifbes, every
parifh 38 familics, and every family 39 perfons: I demand the num-
ber of parifkes, familics and perfons in thh whole 1fland.

Anfacer.  Parifhes 33

Families 50616
Perfons 1974024.

QU:ES T3 <
. N

In 1730 years, 42 scecks and 3§ days, bow many miimtes 2 \
N. B. A year confifts of 365 days 6 hours, and an hour of 6o minutcs.
Hours in one year Sl 8766
In 1730 vears Y 15165180
In g2 weeks 3 days , 7123 v
In the whole . 15172308 ' '
AMinutes in the whole 910338480.

QUEST. °




MULTIPLICATION. = "t o
B is j} :A{&* v " ] ;
.@ESE.T. 4. : - -‘st‘.."yi{.—. I G
g . 4 '5 . ty I..’-, .
There is a’certain field 102004 feet long, and 102003 feet broad:<I.
| demaud tbf Mber ?fffna’?ft’tt tbfrfiﬂ mrdtjﬂld.ﬁ" '-"‘;,::,,. ' i {

¢ > Q‘.' "‘

Anfecer. 10404714012.. VT b, ol

1

CPUEST: K

There is a certain floor 24 feet, 4 inches broad, and 96 feet, 6 inches
Img : I demand how many [quare inches are therein contained.

Apfiwer. - 338136  fquare inches. ' ' gy
' o Wi
QR0 ', ik
A certain picce of wood 1 foot, 2 tnches thick, 3 feet, 4 inches broad, and PR
5 feet, 6 inches long, 15 to be cut into Jimall cubes like dies, each of B <
cchich is to bé a quarter of an inch every way : I demand into bow many %
dics the whole may be refolved. _ - : #9

A/gﬁe'e;'. The whole may be refolved into 2365440 dics.
@ EST. 7.. |

7 demand the nuniber of changes that n{zy be rung on 12 bells.
Changes upon 2 bells

on 3 bells
on ¢ bells

N = ROV

4

on 5 bells 120

on 6 bells =20 oy

on 7 bells jso40 At 3
on 8 bells 40320 \

on g bells 362880

on 10 bells 3628800
on 11 bells 39916800
on 12 bells 479001600,

A2 QUEST.
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ik sk % oa O e ;_'
How many different ways can four common dies come up at one throw? | :
Anfwer 1296 ways. ¥ o T
, : v - v SREDY § SRR 1,
QursT. 9. e
‘ - : RRLCAN Py o i ]
Suppofe one undertakes to throw an ace at one throw with four common 74 S }F )
dies; what probability fs there of bis effelting it? ro g S o
Anfiwer. By the laft queftion four dies can come up 1296 different -
ways with and without the ace; and by a like computation, they can =5
come up 62 5 ways without theace ; therefore there are 671 ways whereZ4, :
in one or more of them may turn up an ace; therefore the undertaker , © = ..,
has the better of the lay in the proporticn of 671 to 623. R
QUEST. 10. ' ‘
There are tawo inclofures of the fame circumference, that is, both inclfed - %

with the fame number of pales; but one is a fguare whofé fide is 125 *
feet, and the otber an oblng or ling fquare, 124 feet in breadth,
and 126 inlength: quere.swhich is the greater clofe, that is, which,
cxteris paribus, wsll bear moff grafs. :

Arfwer. The {quare: for that contains 1 §62 5 feet ; whereas the other
contans but 1 5624.

RQueftions for exercife in Divifion.

Thedefign of divifion is to fhew how often one number called the di-
vifor is contained in another called the dividend, and the number that
thews thisis called the quotient: whence, and from the definition of mul- -
. tiplication already given, I obferve 1/, That the divifor mu]tiplié-\l')y
the quotient, and confequently the quotient multiplied by ‘the divifor, will
always be equal to the dividend, provided there be no remainder after
the divifion is over; but if there be, then this remainder added to, or taken
inio the product will give the dividend, which is the beft proof of divifion.
2.fe, That as the divifor is fuch 2 part of the dividend as is exprefled by
the quotient;; fo alfo 1s the quoticiit fuch a part as is exprefled by the divi-
for. Thus 12 divided by 3 quotes 4; therefore 3 is a fourth part, “and
' 4
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4 2 third part of 12;  3dly, Hence may a number be found th¥tehall
divifible by any two given numbers whatever without r ‘ ainders, to
by multiplying the two given numbers together, = ‘Thus if I 'would :
- a'number, that can’ be divided by both 6-and ¢ ‘withiout any remainde
I multiply g by 6, and the produc 54 will anfwer both ‘conditions;

divifor. sthly, Hence if a2 number of a lefler denomination be to be
changed into an“equivalent number of a greater, as farthings into pence,
pence into fhillings &, it mutit be done by divifion, as.thg reverfe is done
by multiplication. 6¢bly, Whenever it is propofed to know how often
_one quantity of any Kind is contained in another of the fame kind, the
numbers reprefenting thefe quantities muft be reduced to the fame dgno-

18 be the leaft number of that kind. gbg,kMduphmummddxwﬁ%hn S
by_the fime number are the reverfe of each other, and fo maft neceffarily. . -

have contrary effe@s: for whereas multiplication increafes'a number. by -

taking it as often as is expreffed by the multiplicator, divifion (on the con-
trary) leffens it, by taking only fuch a part of it as.is expreffed by the

mination before any divifion can takeplace. Thus if I would know how" .

many thirtccnPcncehalfpcnnies there are in 20 thillings, I muft not only’
reduce the thirteenpencchalfpenny to 27 halfpence, but alfo the 20 fhil-

lings into 480 halfpence ; and then muft enquire by divifion how often 27 |

halfpence are contained in 480 halfpence, thatis, how often 27 is contam-
cdin 4%0 ; the quotient is 17, and the remainder 21, that is, 21 halfpcncc 5
for in all divifion, the remainder muft be of the fame denomination with’
the dividend whereof it is a part; therefore in 20 fhillings there are 17
thirteenpencehalfpennies, and 10 pence halfpenny over, ?

Q.U E§$'T, 1.
- o ‘ - - T
It is reguired to reduce 987654321 farthings into pounds, fbillings and
pence. :

Anjwer. 987654321 farthings are equivalent to 246§13 580 pence and
1 f.trtl:;ng; or to 203576131 fhillings, 84. 14; or to 10288¢6 poynds,
115, 84. 19. k3

Q0 e 5T, 12, . X3

One leands me 1290 guineas welon they svere’valued at 11, ¥s. and fixpence
apiece : kow mmany mull T pav bim wwhen thev are wedted at 1. 15,
/!A:_- . 2 ¢ 3 ; E

u[ 1¢CC 2

Anficer., 1326 guineas, 18 fhillings,

nyz X

WA -
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, QU B s T, 130 Ny o0

" A certain floor 24 feet 4 inches broad, 96 ﬂet'é mcbes is to 6e1md‘
at the ;gz of {;»pmce tbej?tmrefoot. I fat tbe wbok .3
charge will aniount to. ._

Anfwer. The floor contains 338136 fquare mches or 2348 fquaré
‘ ﬁ:ct and .24 fquare inches; therefore the whole ch:n'gc amounts to 117
pounds, 8 fhlllmgs and two pence.

mrzs'r 4.

‘IZere 1% a certain cooler 36 dnches deep, 42 inches wJe wm"yz mclm
Iong I demand sts folid content in. Engly /b gallon:

Note. An zle gallon is 282 cubic inches.. Y.

.dq/'wer The vefiel contains 108864 cubic inches, thatis, 386 gaI}ons y
and’ 12 eubic inches over,,

DU BT, 1L,

A cubic feot of water weighs 76 pounds, Troy or Reman weight'; and.
asr 55 860 times Iighter than water : I demand the weight of a cubzc

Seot of air:

N. B. A pound Troy contains 12 ounces, one olince 2o pennyweiglits,
and one pennyweight 2.4 grains,

Anfiver. A cubic foot of air weighs Troy‘iveight 10z. 1 pwt. § gr.

@zsr. 16

The secn time of a I'uf’:.dm‘, that 13, from new moon to neww moon,. 1s
29 davs, 12 Leurs, 44 minutes and 3 _feconds ; and a Sfulian year con- ;
/ /35 01‘ 6 5 days, 6 Lotirs : I demarnd then bow many /wzalmm are con- ‘
iined in 19 _fulm." years.

\ -
Hours in a Lunation. ~08 - A\ ‘
Minutes 42524 | |
_ Seconds 25514473 5
Ilours in 19 Julian years 166554 I
Minutes 0993240 i
Seconds 5995944c0.

Lunaitions 235; and 1 hour, 28", 15" over..
' QUEST.
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rue RULEOF-T HRE EX4
. QE B 5. 17 i G
In what time.may all the changes on 12 bells be rung, allowing 3 _/?f."g'rgiri3 e
= to every round 2 See Queft. the 7¢b. **/ "= Pesbl Bt s
: R ','. o ’ oSy ia e
The number of changes on 12 bells, 479001600 ™ *1 "%,
The time 1437004800 feconds,” .
or 249950080 minutes, 4
or. 399168 hours,

Or 45 years, 27 weeks, 6 days, 18 hours:.

QuEsT. 18,

A General of an army d.f/?ribukei 15 pounds, 19 fbillings and 2 peizbe balf- ;
Denny, among 4 captains, 3 lieutenants and 6o common b[o]diers, in the

manner follrwing: Every captain is fo bave 3 times as much as a lieutenant,
and every licutenant twice as much as a common jbld:er : I demand their

Jeveral fhares.

The fharc of a common foldier 3s. 4d.

1

. 4
of a licutenant © bs. 9d..;.
of a captain 1. os. 4d. %

Rueftions for e.rcrc.g/é in the Rule of Three.
And firf} in the Rule of Three Dircit.

. The rule of proportion, or rule of three, or by fome the golden rule,.
i« that which teacheth, having three numbers given to find a fourth pro-
portional, thatis, to find a fourth number that {hall have the fame pro-
portion to fome one of the numbers civen, as is cxs;reﬂ'cd by ‘the other
two: and therefore whenever a queltion is propofed w ercin ‘fuch a fourth
propartional is required, that quetiion is faid to belong to-'the rule O&%l;;o-
portion.  Now in quetiions of this nature, efpecially where the numbers
siven are not merely abitract numbers, but are applicd to particular
quantitics, three things are ulually required, towit, preparation, difpoli-
tion, and operation,

Firft as to the preparation, it muft be obferved that of the t]}.rcc
numbers given in the queftion, two will always be of the fame kind,

and muit be reduced to the fame denomination, if thev bz not {o already ;
and

2
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and if the remaining number be of a mixt dénomination, that alfo be
reduced to fome fimple ope. - - - PO Nt P | SR
Secondly, in difpofing the numbers thus prepared, thofc twothat'aro « -
of the fame denomination muft be made the firft-and. third numbers™, =" " ©
in the rule of proportion, and confequently the femaining number muft '
be the fecond. But here particular care muft be taken, that ofthe two
numbers that are of the fame denomination, that be made.the'third in the
rule of proportion, upon which the main firefs of the queftion lics,  orto
which the queftion more immediately relates, or which contains the de- ;
mand; and the place of this number being ‘once known, the: other two ok
muft take their places as above direted. 'This ordering of the numbers
for the operation is commonly called, ftating of the queftion. .
Laftly, having thus ftated the queftion, multiply the fecond and third
numbers together ; divide the produc by the firft, and the quotient thence
arifing will be the fourth number fought; which fourth number, as well /, -
as the remainder, if there be any, muft always be underftood to be of
the fame denomination with the fecond.  As for example, '

QuEesT. 19

A piece of plate wweighing 3 pounds, 4 cunces and 5 pennyweights, Troy
sceight, s valued ot 5 flallings and 6 pence amounce ; what is theva-

lue of the wlkale 2.

Asd
-

: - Y

-

’

Here we have three quantities concerned in the queftion; 27z, 3 pounds,
4 ounces and 5 pennyweights; one ounce; and s fhillings and 6 pence;
whereof the two firft, which are of the famc kind, muit be reduced to
the fame denomination, and the laft to a fimple one, thus: for one ounce
I write 20 rcnn_v\-.-eights ; for 3 pounds, 4 ounces and g pennyweights, 8o
pennyweights; and for 5 fhillings and 6 pence, 66 pence; and fothe num-
ters are futficiently prepared.  In the next place I enquire which of the
two numbers 20 and o3, which are of the fime denomination, is that
vpon which the main flrefs of the queftion lies, and I find it to be 8055
for the main bulinefs of this queflion is to enquire into the value of o
pennvweiahts of plite; the rett being no more than dafa ‘in order to dif-
cover this: So I muke o5 my third number, 20, which is a number of
the fame denomination my firth, and 66 my fecondy and ftate the quetti-
on thusy  Jr 20 pemmviccights of plate be wcorth 66 pence, what 1will 8o
fomnvesghies of plate be wort 7 Now to anfver this queltion, I multi-
ply So3 by 60, and the predudt is g2130; this I divide by my firft num-
ber 20, and the (Juoticnt 15 26 56, end there remains 10, that is, Jo pence;
therefore to render my quotient more compleat, I bring the remaining 10
pence
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ce into 40 farthings, and fo divide agmn!_)y,zéi ind findte

g?)e 2, that is, 2 ﬁrthing%’, without any,.rfmd_ndgr;f_
is 2656 pence, 2 farthings; thatis, 11 pounds, 1 fhillin

penny. | 2 SRRSO | o’

A demonfiration of this Praxs. - D s

Cafe 1/f. Now to demonftrate this mianner of :,pe.faﬁo,',‘; I hall fe c~ i
the forcgoingqueftion, but at firlt under a different fuppofition, as thus; If Y
one pennyweight of plate coft 66 pence, what will “807% - kafs cofi i

e

Here nobody doubts but that upon this. fuppofition, 805 pennyweights
will coft 805 times 66 pence, or 66 times 8og, that is, 53130 pence;
therefore in all inftances of this kind, that is, where the firft number in
the rule of proportion is unity, the fourth number mulft be found by -
~ multiplying the fecond and third numbers together. ' s
Café 2d. Letus now put the queftion as it was at firft ftated, to wits If
20 pennyweights of plate be worth 66 pence, what will 805 penny~
weights be worth? Now upon this fuppofition it is eafy to fee, that nei-
ther 1 pcnrzweight, nor confequently 805 pennyweights will be worth
above 2 20th part of what they were in the former cafe; and therefore
we muft not now fy that 8os pennyweights are worth 53130 pence,
but a zoth part of that fum, wsz. 2656 pence 2 farthings: d as this -
way of reafoning will be the fame in all other inftances, 1t follows now,
that In the rule of proportion, let the numbers given be what they awill, the
fourth number muft be bad by mnltiplying the [econd and third numbers to-

gether, and dividing the prcd}:éi by the firff. Q.E.D.

Qu Es T4 20.

Heze far «will ene be able to travel in 7 days 8 hours, at the rafe of 13
miles every 4 bours, allrwing 12 hours to a travelling dav? '

Anfieer. 299 miles.

UEST. 21, ' -
Qu | %

Jikat «eill 1296 yards of <walling amaunt {5, at the rate of 4 fPillings
and 5 pence a rod, a rod being 5 yards ‘and-a balf ?

Anficer. g2 pounds, 8 pence, 3 farthings.
B "QUEST,
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In the mir?o Enghhddfawdgf gald; that i.é, I qm;e;ﬁpé‘md:fk iy _'.;,f
“is at tbuf time coined into 44 guineas and an - balf: I demmJBm: ot Ay Se
much flerling a pound of pure gold is sworth; obferving that the Wy e
is valued at nothing. . : st N

Anfiwer. 50 pounds, 19 hillings and 5 pesice tpenny 1 R
- QUEST. 23 g C Ty e 5’,'

ot s the comual interefd of o8 pounde, 6 fillngs and 5 pence at th g

rate of 6 per cent? e . . . - ; :
| tnfcer. 59 pounds, 4 fhillings and g pence penny. . - it A
| QUEST. 54. : o \*

The circumference of the earth according fo the French menfuration is
123249600 Frenck feet : I demand the [ame in Englifb miles.

A B. A thoufand French feet are equivalent to 1068 Englifh feétt;
3 feet make a yard, and 1760 yards make a mile. :

Anfwer. 131630573 Englifh feet,
or 43876857 yardsand 2 feet,
or 24930 miles, 57 yardsand 2 feet.

QUEST. 25.

Suppofing all things as in the foregoing queftion, I demand how lng @
found will be in paffing from pole to pole, upon a [fuppofition that a found
palffes over 1142 feet in a fecond of time. o ~

Anfwer, 16 hours and 32 feconds. -
QuEsT. 26. o

Monfieur Buygens found that at Paris, the length of zfndulm that
Jfivung feconds, vas three feet, 8 lines and % : I demand if's length in
Englifhs meafure, : -

Note,
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ru: RULE OF THREE ‘.

Note. A line is % part of,an inch, and rooo French half fine:
* equivalent to 1068 Englith ; lines, as in thc 24th queftion,’s - ) P
Anficer. . The length in‘Enlifh meafise of a-pendulum. that fywings
feconds, is 941 Englith § lines ; or 39 inches, 2z linesand n - (\i’* s

: . pA is s
QU ESsT. 27, > S o R T g et Y
»n.': “'*..._.- r

1 demand in bow bong a time, -a pipe that difcharges 15 pints in 2 mibs o 7
nutes, 34 feconds, will fill a ciffern that 1s 36 srickes deep, 42 imches bt
wide, and 72 inches long. (fce queftion the 14th.) | ' :

Anfwer. In-31707 feconds; or 8 hours; 48", 27"

_For as eight p'inté make a g’alfon, {o alfo eight cubic half inches, t]:ai;{
is, cight {fmall cubes of half an inch every way make one cubic inchy
therefore a pint contains 282 cubic half inches, and fifteen pints 42303

but the whole veffel contaims 108864 cubic inches by queft. 14; which ”

are equivalent to 870912 cubic half inches; therefore this queftion ought X
to be ftated thus; : | £5)

7

If 4230 cubic balf inches be difcbarged in 154 Jfeconds of time, in what

time will 870912 cubic balf inches be difcharged? And the anfwer Is,

In 8 hours, 48". 275°. as above.

QuEsT. 28.
!

If a wall 6 feet thick, o fect bigh and 432 fect bng, coff 720 pounds
in building, wchat weill be the price of a wall: of the Jame ‘materials,
that is 12 fect thick, 18 feet bigh and 576 feet long?2 .

In the former wall are contained 23328 cubic feet; ip the latter
124416 ; therefore the anfiver to this queftion is 3840 pounds. :
s \ -

QUEST. 29.

A certain fleeple projesied upon level ground a fhadrw to the diffance of
{7 \‘.':.".,’\' when o /5::1'-:[50.’ Jl."‘l/]. j‘c'r["‘m/ft'ufm'/\' erelted l‘(_!/? a fhadewo

of 5 feet 6 tnches o achat wwas the beight of the flecple?

Anfaer. 41 yards, 1 foot, 4 inches.

B 2 ané'ré
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Que's 7,730, T 2N e

7 Gapa perfons. A and B make a joint flock; 'Aﬁ{iffi%ft‘ﬁ(b@%ﬁ o
49%”{011”&, for the fame times and they gain 114 pounds; 2-fhillings:

I demand each mans fhare of the gain, - e SRR The
Both their ftocks make 868 pounds: fay then, if 868 pounds ftock, bring
in xr4 pounds, 2 fhillings gain, what will 372 pounds: A’s partof theftock
bring in? Anfwer. 48 pounds, 18 fhillings for 4’s fhare of the gain; and -

this fubtracted from the whole gain, leaves 6 5 pounds, 4 fhillings; for B’s
{hare of the gain. . ; y

Note. If there be ever fo many partners, their fhares’ of the gain
muft 21l be found by the rule of proportion, except the laft, which may
be had by fubtration; but it would be better to find them all by the .
rule of proportion, becaufe then, ifall the fhares when added together, ’
make up the whole gain, it will be an argument that the work is rightly
performed. :

QU EsT. 3I.

Tiwo perfins A and B make a joint flock; A pufs in 496 pounds for 2
months, and B 620 pounds for 3 months; and they gain 456 potnds.

What <will be each mans fhare of the gain?

In order to give an anfiver to this queftion, it muft be confidered, that
it is the fame in the cafe of trade, as it is\in that of money let out to in-
tereft, where time is as good as money, that is, whoever lets out 496

unds for 2 months, is intitled to the fame fhare of the whole gain, as .
if he had let out twice as much, that is, 992 pounds, for one month: in
like manner, he that lets out 620 pounds for 3 months, has a right to the
fame {hare of the gain, as if he had let out three times as much, that is,
1860 pounds, for 1 month : fubflitute therefore thefe fuppofitions inftead of
thofe in the queftion, which may fafely be done without affecting the
_ conclufion, and then this queftion will be reduced to the form of the
laft, without any confideration of the particular .quantity of time, thus;
Two merchants A and B make a joint flock ; A puts in 992 pounds, and
B 1860 pounds for the fame time; and they gain 456 pounds. What will
be their refpective flares of the gamn?

Anficer. A’ fhare will be 158 pounds, 12 fhillingsand 2 pence; and
B's, 297 pounds, 7 fhillings and 10 pence, _ :
QUESsST,
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QUEST. 3’2'-.5- Ry ot ¢ 7

¥ two men in three days will earn 4. illings, bow much!wills
b ' carnin 6 AEys T nip . e

This and the following queftion belong to that ‘which they callithe

double rule of three, whercin 5 numbers are doncerned : thefe numbers

muft always be placed as they are in this example, that is, the two laft ©

aumbers muit always be of the fame denomination with the two firft &= .

fpectively,.and the number fought of the fame denomination with the

middle one; then may the queftion be reduced to the fingle rule of threc

two ways, either by expunging the firft and fourth numbers, ‘or the fe-

cond and ffth: if you would have the firft and fourth numbers expunged,

you muft argue thus; two men will earn as much in three days, as one

) an in two times 3, or 6 days; alfo 5 men will earn as much in 6 days,

- as one man in 30 days; fubftitute therefore this fuppofition and this de-

mand, inftead of thofe in the queftion, and it will ftand thus; If one
man in 6 days will earn four (hillings, how mbch will one man earn
in 30 days? Which is as much as to fay, If in 6 days a manwill carn
4 foillings, bow much will be earn in 30 (Lys 4 : iy

Anfwer. 20 fhillings.

If you would have the fecond and fifth numbers expunged, you muft
argue thus; two men will carn as much in three days, as 3 times two
or 6 men in one day ; alfo 3 m will earn as much in 6 days, as 30
men in one day ; put then the queftion this way, and it will ftand thus;
If 6 men in one day will earn 4 fhillings, how much.will 30 men earn
in one day? That is, If in any quantity of time 6 men will earn 4 Jbillings,

bezo much «will 30 men carn in the fame time 2
Anfier. 20 {hillings, as befores

Whofoever attends to both thefe methods of extermination, will cafily
&1l into a third, which includes both the other, and in pradtice is much
better than cither of them; for at the conclufion of both operations, the
number fonght was found by multiplying 30 by 4, and dividing the pro-
duct by 6: ‘Now if he looks back, and traces out thefe numbers, he will
find that the number 30 came from the multiplication of the two Jaft
numbers 5 and 6 together, that 4 was the middle number in the qglcc-‘

rs

ftion, and that the divifor 6 was the product of the two firft num 48
2 an
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and 3 multiplied toiczhcr ; therefore In all queftions of this ‘mature, if

?bc tbrgz laf? ngmbers multiplied togetber, dekW&edw;&éé 7

' the produi? of the two firft, the quotient will give the m&erﬁugbt,rmj I |

outm‘f;l‘rtmm&p o AgR ..‘. Yo ”.u_'_. o ‘

Qt_f _ﬁ 5T -33'.

| If for the carriage of three bundred weigbt 40 miles, T ;mylpq - /]xﬂ. x8
) {:lgs and & pence, what muff I pay for the carriage of 5 Zmdfed '
weight 60 miles ? :

Aﬂfw 22 5 pence, or 18 fhillings and g pence,
Quefions in the rule of three Inverfe. ' {

Hitherto we have inftanced in ‘the rule of three direct; but there is
alfo another rule of proportion, called the rule of three inverfe; which
as to the preparation, and difpofition of it’s numbers, differs nothing from
the rule of three dire&;" but only in the operation; for whereas there,
the fourth number was found, by multiplying the fecond and third num-
bers together, and dividing by the firft; here it is found by multiplyin% '
the firlt and fecond numbers together, and dividing by the third. All *
that remains then, is to be able to diftinguith, whena queftion belongs fo
one rule, and when to the other; in order to which, obferve the fol-
lowing direStions: If more requires more, or lfs requires lefs, work by
the rule of three direft; but if more requires lefs, or lefs requires more,
awork by the rule of three inverfe. The mqaning whereof is, that if, when
the third number is greater than the firft, the fourth muft be pro-

rtionably greater than the fecond; or if, when the third number’ is

efs than the firft, the fourth muft be proportionably lefs than the fecond, -
" the queftion then belongs to the rule of three dire@ : But if, when the
third number is oreater than the firft, the fourth muft be lefs than the
fecond; or when the third number is lefs than the firft, thic fourth muft
be ereater than the fecond; in either of thefe cafes, the queftion belongs
to the rule of three inverfe, and muft be refolved as above dire@ed>. .

As for example,
QuesT. 34.

If 12 menwill eat up a quantity of provifion in 15 days, bow ling awill 20
men be in eating up the fame? . )
This
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) n? efbon is of fuch a nature, tlntmore equ = ’- _}
will confume the fame provifion in lefs lefs tim¢ than ng*'
jon belongs to the rule of three inverfe; fo I
cond numbsers together, anddmdcbythctlnrd,
is, o days, is ananfwerto the qudhon. .

e
A demonﬁratwn of  the il of tbree Imzr_-/é 7*: i ’ =
Ui e

s Y TR 7
. If I was to anfwer this queftion dmt of thou without
any rule to dire&t me, I fhouqﬁl r&fo:z'hggfwhatevu quang of provx- SV
ﬁonlaﬁs 12 men 15 days, the fame will laft 1 man 12 times as.
that is, 12 times 15, or 180 days; but if it will laft x man 180 days, . at _
will laft 20 men but the zoth partoftha.ttxme, that is, 9 days hetet.bm
the fourth number was found by multiplying the the firft and feoond num- -

"\’ . .

bers together, and dividing the product ¢ third ; and thé'reafon is
-« the fame in all other cafes, whercver the rule of three inverfe is concerned. - -
3, E. D. |
QUEST. 35.

Orne lends me 372 pounds for 7 years and 8 montbs, or 92 months; bow
Jong muf? I lend bim 496 pounds for an cquwalcnt? '

Anfioer. 5 years, 9 months.

QyES‘r. 36.

If a fquare pipe 4 inches and 3 Imes wide, will difcharge a certasn quan-
tsty of water snone bour’s t:me in swhat time will another _/Quare prpe,
1 tnch and 2 lines wwide, di fcbarge the fame qmmt:ty Jrom ¢ j'ame~

current 2

The orifice of a {quare pipe 4 inches, 5 lmes or 53 lm&s wxdc, oon'tams
2809 fquare lines; and the orifice of ap , or 14 lines

wide, contains 196 fquare lines.  Say. thcn [f an orzﬁce f zSoZafqum'e

lines <eill difcbarge a certain quantity of vwater in one bour 5 in Twbat time

will an erifice of 196 fquare lines difecharge the Jame?

Anfawer. In 14 bours, 19.54 -

QuEesT,
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16 QUESTIONS In i ;
. QUEST. 37- |
\ S

IF 2 menor 4 women, will doa piece of work in 6 day: bm long
J3 & man and one womﬂa(zbe'in doing't ﬁme’?

.

Y
- >
¥

Becaufe of the 3 men, or 4 women, fome number muft ‘ befound"ﬂ'nt ]

.

is divifible both by 3 and by 4 without remainder ; fuch a one is the -
number 12, which is the product of 3 and 4 multiplied t@ﬁ’ (fee'ob-

fervation the third upon the definition of divifion :) make then’ 3 men or
4 women cquivalent to 12 boys, and you will have ‘1 man cquivalent to
4 boys, 1 womanto 3 boys, and 1 man and 1 woman to 7 boys, and
the queftidn will ftand thus; Jf 12 boys will do a piece of work in 56
days, bow long will 7 boys be in doing the fame? i3

Anfwer.” g6 days.
QUES T, 38..

If 5 oxen, or 7 colts, will cat up a clofe in 87 days, in what time will 2
: oxen and 3 colts eat up the fame? ’

.'."

Anfizer. In 105 days.

QUEST. 39.

If 2 acres of Jand will maintain 3 borfeq 4 days, bow long will § acres
maintain 6 Lorfes?

This queftion may perhaps at firft fight, be taken to be {fomewhat of -

the fame nature with the 32d and 33d queftions, which belonged to the
double rule of three direct ; but when it comes to be examined intomore
narrowly, it will be found to be of a very different nature? for we can-
not {ay here as we did there, that 2 acres will laft 3 horfes as longas 1
acre will laft 6 horfes; this would bea very unjuft way of thinking, and
" wherever it is fo, the queftion ought to be referred toanother rule, which
they call the double rule of three inverfe ; the propriety or impropricty
of this thought, being an infallible criterion whereby to diftinguith, when
a queftion belongs to one rule, and when to the other.  All queftions

onging to this rule, as well as thofe belonging to the other, may be
reduced to the fingle rule of three two ways; either by expunging the
ficlt and fourth numbers, or the fecond and fifth ; but then the methods
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"of extermination® are different. In ‘queftions: ofthxsimiuré'ﬁ fithe
and fourth numbers are to be expunged; the'2 firft nurnbers arcto b
ggied by the fourth, and the 2 laft by the firft;: butiif.the fecond

numbers are to be expunged, then the two firft aumb S
IR DR ‘

multiplied by the fifth, and the two"laft by'the. feconds s ’
" queftion before us, if we would exterminate the firft and fourth num |
we muft multiply the two firft numbers, that is, 2 and 3, by, thefodrth, =~ |
that is, by 5, and fay, that 2 acres will laft 3 horfesjuft as long as 10 a-" - S <
cres will Taft 1 5 horfes ; we muftalfo multiply the 2 laft numbers, towat, ., =
5 and 6, by.the firft, thats, by 2, and fay, that. 5 acrés will laft 6 horfes e
as long as 1o acres will laft 12 horfes: ufe now thefe numbers inftead of. o e
thofe in the queftion, and it will be changed into this equivalent one; If

10 acres of land will maintain 15 Borfes 4 days, how long will 10 a-
cres maintain 12 horfes 2 Strike out of the queition the firft and fourth -
numbers; which being equal, will be of no ufe in the conclufion, and
then the queftion will ftand thus; Jf 15 borfés will eat up a certan piece
of ground in 4 days, bow long will 12 borfés be in eating up the fame?

Anficer. 5 days; for this queftion belongs to the rule of three inverfe. . A

If we would exterminate the fecond and fifth numbers out of the
ueftion, we muft multiply the two firft numbers by the fifth, and fay,

that 2 acres will laft 4 horfes juft as long as 12 acres will laft 18 borfes ;
we muit alfo multiply the 2 laft numbers by the fecond, and fay, that
5 acres will laft 6 horfes as long as 135 acres will laft 18 horfes: ufe
thefe numbers inftead of thofe in the queftion, and it will be changed in-
to this equivalent onc ; If 12 acres will mgintain 18 horfes 4 days, how
Jong will 15 acres maintain 18 horfes? !’Bmt is, (ftriking out the fecond
“and Afth numbers) Jf 12 acres of land =il maintain a certain number of
forfis 4 davs, boto long awill 15 acres laft the fame number &

Anficer. 5 days, as before; for this queftion belongs to the rule of
three direct. 4
~ In both thefe operations, the number fought was at laft found by mul-
tiplving 15 by 4, and then dividing the product by 12: now whofoever
looks back upon the foregoing refolution, and obferves how thefe num-
bers were formed, he will eafily perceive, that the number 4 was the
middle term in the quetlion ; that the number 15 in both operations
was the produét of the numbers 3 and s, which lay next the mud-
dle term on each fide; and that the divifor 12 was in both " cafes the
product of the exireme numbers 2 and 6: thercfore T all quefiteas be-
" C lonzing
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longing to the double rule of three inverfe, where thesn hﬂ:?zey S0
pofed to be ordered as in the double.rule of three direct, if-the threeimid-_' .
dle nitmbers be multiplied. together, and. the product be dsvided by Yiespros
dui of the two exitremes, the. quotient of: ;tbg:ied:?tﬁor_x{gqg_ll _ ;kbﬂﬁ&.
ber ﬁugbf,‘ And thus may - a . the trouble Of c.qung;ng,bé'av%ﬂcd’ i3 i
though I thought it proper to- explain that methodin the firft pldce, inor- - *
der to let the learner into the reafon of this laft theorem which -is found- R o 7
ed upon it. : - it RETLr P

: £

Queftions wherein the extraltion of the Jquare root is -
concerned. :

" QuUESsT. 40. »_‘

There is a certain feld whofe breadth is 576 yards, and whofé lmétb 7s
1296 yards : I demand the fide of a fquare field equal to it.

Anfer. This ficld will be equal to a {quare whofc fide is 864 yards.

QUEST. 4I. | )

There is a certain inclofure 3 times as long as it is broad, whofé area 1s -
16128 fquare yards: I demand its breadth and length.

The breadth multiplied into the length, that is, the breadth multipli-
ed into 3 times itfelf, is 46128 ; thachorc the breadth multiplied into it-
felf is 15376 ; therefore the breadth is 124, and the length 372,

QU EST. 42.

A certain ficiety colleeF among themfekves a fum amounting fo 13 pounds, -
s fLillings qnd a farthing, every one contributing as many farthings as -
there weere members in the awhole fociety: T demand the number of
members. . : e ‘

Anfawer. 121 members,

THE
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Concerning Vulgar and Decimal Frattions." "~ =

-

DEFINITIONS.

-

Art. 1. FRACTION fimply and abftractedly confidered; ;s

that wherein fome part or parts of an unit are exprefied :
as if an unit be fuppofed to be divided into 4 equal parts, and three of
thefe partsare to be exprefied, it muft be done by the fraction three fourths,
to be written thus 1: here the number 4, which fhews into how many
equal parts the unit is fuppofed to be divided, and {o detcrmines the true
value, magnitude, or denomination of thofe parts, is called the denomi-
nator of the fraction; and the number 3, which fhews how many of
thefe parts are confidered in the fraction, is called the numerator : thus
in the {raction ® or one half, 1 is the numcrator, and 2z the denominator ;
in * or two halves, 2 is both numerator and denominator, &e.

When a fraction is applied to any particular quantity, that quantity is
called the integer to the fraction : thus iny?of 2 penny, a penny is the in-
teger; in three fourths of fix, the number 6 is the integer; thus in three
fourths of five fixths, the fraction five fixths is the integer ; -for though
in an ablolute fenfe it be a fralion, yet here with refpect to the fraction-
¢hree fourths, it is an integer : and thus may one and the fune uantity,
under different ways of conception, be both an integer and a fraction ;
as a foot is an integer, and a third part of a yard is 2 fra&ion,. though
they both fignify the fame thing.  When the mnteger: to 2 fraction is nQt
exprefied, unity is always to be underftood : thus 1 is 3 of an unit;. thus
when we fay, & and : make -, the meaning, is‘, that if * part ol an-unit,
and ! part of an unit be added together, the {am will amount to the fime
as if that unit had been divided into 12 equal parts, and 7 of thofe parts
had been taken; thus again, when we fay that } of § are cquivalent to
£ we mean, that if an unit be divided into 5 equal parts, and 4 of
them be taken, and then this fraction ¢ be aguin divided mto 3 equal

: C 2 - parts,
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26 OF PROPER AND IMPROPER FRACTIONS,

~

>

unit had at firft been divided into 15 equal parts; and 8 of them Had béen - =
taken; and whatever is true in'the cafe-of unity, will be-equallytruetin’
the cafe of any other integer whatever: thus if it be true that _}:md"i

of an unit are equal to L of an unit, that'is, if it be true in'gener

_:.'E"v":;.;" o
Thteod,
and 2 of them be taken, the refult will be the fame, as if i

-‘ ! ‘.

that * and £ added together arc equal to. 7, it will be as true of any par-

ticular integer; fuppofe of a pound fterling, that 2 of a pound, and _:_kof

2 pound when added together, are equal to % of 2 pound ; -again; if it

be true in general that £ of # are equal to -, it is as trize in particular
that ? of # of a pound are equivalent to -%- of 2 pound, &c.  ~

Of proper and improper frattions; and of the redulion
of an improper fraltion to a whole or mixt number.

2. Fraltions are of two forts, proper and improper ; 2 proper fraction
is that, whofe numerator is lefs than the denominator, as {; therefore an
improper one is that, whofe numerator is equal to, or greater than the de-
nominator, as %, i, &e.

OB J-ECTION.

But is there no abfurdity in the fuppofition of an improper fra&tion, as

in three halves for inftance, confidering that an unit cannot be divided
into more than two halves? _Anfiwer: no more than there is in fuppo-
ting three half pence to be the price cf any thing, confidering that a pen-
ny cannot be divided into above two halfpence. Thefe fractions therefore
arc called improper, not from any abfurdity cither in the fuppofition or
in the expreffion, but becaufe they may be more properly and more in-
telligibly expreffed, either by a whole number, or at leaft by a mixt
number confifting of a whole number and a fraction ; as for example, if
the numerator of a fraction be equal to the denominator, asf, that frac-
tion will always be equivalent to unity, as £ of an hour, that is, four
“quarters of an hour, are equivalent to one hour, ¢ of a penny, that is,
four farthings, are equal to one penny, &c: and the reafon is'plain; for if

an unit be divided into four equal parts, and four of thefe parts be ex=

prefled in a fra&tion, the whole unit is exprefled in that :fraction, that is,

fuch a fraction muft always be looked upon as equal to an unit : there-

tore if the numerator be double of the denominator, as 2, the fration

muft be equal to the number 2, becaufe ! contain # or 1 twice; in

e

like manner ¥ are equal to, and “'may be more properly exprefied by, the

number 3; ¥.by the number 4, &¢: and univerfally, as often as the-

numerator
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pumerator of a fra&ion oonumst.hedmomimtor, £omnny‘

‘ ~

« fraction equivalent to: but wEndhOWOﬁ@tbe :

denominator, is to divide the numerator by - the den s tHerefore” | LA
if the numerator of ah improper fraction’ be divided: by the denominz- ' - i
tor, the quotient, if noth_in% remains, will be the whole numberby ' which =~ ..
the fraction may be exprefied ; but if any thing remains. of thisdivifion, = A"
- then the quotient together with a fraction whofe numerator;is that re-
mainder, and denominator the divifor, will be a mixt number,

e p
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the fration propofed : thus % are equivalent to the wholenumber 8, but- - =
% are equivalent to the mixt number 8 1% to the mixt number 8 2, faa:
juft as 24 feet arc equal to 8 yards, 25 feet to 8 ‘yards and 1 foot, 26 feet Y
to 8 yards and 2 fect, &¢ - and this is what we call the redu@ion ofan = ol
improper fraction into a whole or mixt number. &

The redu&'ion of a whole or mixt number into an improper
fra&ion. ' :

4

3. As unity may be exprefled by any fration of any form or deno-
mination whatever, provided the numerator be equal to the denominatar,
as 3, &, 4, &c; fo the number 2 is reducible to any fraGion whofe nu-
merator is double the denominator, as 4, &, %, &¢; and fo is every num-
ber reducible to any fraction, whofe numerator contains the denominator ~ «
as often as there are units in the number propofed: therefore whenever 2
whole number is to be reduced to 2 fraction whofe denominator is given,
it muft be multiplied by that given denominator, and the produ& with:
that denominator under it, will be the equivalent fragtion; thus if the
number 3 is to be reduced into halves, thai is, into a fraGion whofe de-~
nominator is 2, it muft be multiplied by 2, and fo you will have g cqual
to ¥, juft as 5 pence are equivalent to 1o halfpence; if the number §
is to be reduced into thirds, it muft be multiplied by f3, and fo you will
have $ equal to %, juft as 8 yards are equal to 24 feet;’ laftly, if the
number 2 s to be reduced into fourths, 1t will be equal to §, juft as 2
pence are equal to 8 farthings. If the number to be reduced be a mixt
number, confifting of a whole number and a fraction, the whole numbes |
muit always be reduced to. the fimé denomination with the fraltion an-
nexed, and the rule will be this: multiply the whole number by the-dé-
nominator of the fraétion annexed; add the nurherator to the produdk,
and the fum with the denominator under it will be the equivalent frac-
tion: Thus the mixt number 52 is equivalent to &, juflas 5 pence half-
penny in money is equivalent to 11 halfpence : ‘This operation carries
It's own evidence along with it; for the number g itfelf is equal to 2
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as above ; therefore 5 i muft'be equiva!éntﬂto%:l 7ain, |
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daftly, 23 is reducible to ¥, juft as 2 penceand 3 fartl Ingsare
-ble to 11 “farthings. b 0 il fo208 e .;-’:;F«, 7
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4. If any integer be affumed, as a pound Sferling, :and alfo any’frattion, =~ -
as 3, I fay then, that 3 parts of one: pound, amount'to" the ‘fame as'y
partof 3 pounds. . - i ok

To demonftrate. this Lemma (which fcarce wants®a demonitration)’ I.
argue thus: If any quantity, greater or lefs, -be always divided into the

fame number of parts, the greater or' lefs the quantity fo divided is, the

greater or leis will the partsbe ;- thus | of a yard is 3 times as much as ®

of a foot, becaufe 2 yard is 3 times as much as a foot; ‘and for the fame*.

reafon ; of 3 pounds is 3 times as much as ¢ of 1 pound; but : of 1 pound

are alfo 3 times as much as £ of 1 pound; therefore 1 of 1 pound are equal

to : of 3 pounds, becaufe both are juft 3 times as much as ! of 1 pound.

How 10 effimate any fractional parts of.an integer in parts
of a leffer denomination, and vice versa.

5 This may be done various ways; but the fhorteft and fifeft, as I
take it, is that which follows: Suppofe I had a mind to know the value
of 1 of a pound; I fhould arguc as in the foregoing lemma, that § of one
pound, are the fame as ? of s pounds; butthe latter is more eafily taken
than the former; therefore I apply myfelf wholly to the latter, to wit, to
£ind the fixth part of ¢ pounds, thus: 5 pounds, or 100 fhillings, divided
by 6, quote 16 fLillings, and there remain 4 fhillings ; again, 4 fhill-
ings, or 48 pence, divided by 6, quote § pence, and therc remains no-
thing ; therefore the value of 1 fixth of § pounds, or § of 1pound, is 16
thillings and 8 pence.  Again, fuppofe 1 would know the value of £ of 2.
pound, I find the value of ! of 6 pounds thus; 6 pounds, or 120 fhillings
wdivided by », give 17 fhillings, and there remains 1 fhilling; agaim; 'y
thilling, or 12 pence, divided by 7, give 1 peony, and there remain g
pence; again, s pence, or 20 farthings, divided by 7, give 2 farthings,
and there remain 6 farthings; laflly, a feventh part of 6 farthings s juft
as much as { of 1 farthing, by the lemma : hence I conclude, that ¢ of a
pound are 17 fhillings, 1 penny, 2 farthings, and ¢ of a farthing: But
the value of ¢ of a farthing is fo near to one farthing, that if I wo;:ld

rather
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rather admit of a finall inaccuricy in my accounts than a fraction,

smake the value of ¢ of 2 pound to be .17, fhillings, 1"penny: 2
things. Laftly, fuppofe I would know the amount.of:} parts of 17
and fixpence, . I fhould arguc'thus ; } parts of .17 ﬂ'ulmgt: and

are cquivalent to  part of twice as much, that'is, to 1 part of 35 fhill- o

ings: but ¢ partof 3 5 fhillings is 11 fhillings and"8 pence; therefore s parts
ofgj 7 ﬂlilfings and fixpence make 11 {hilli gsand 8 pmoc Rt el T

OF the reverfe of this reduction, one fingle inftance will fffice s Let it
then be required to reduce 1 fhilling, 2 pence, 3ﬁrthings, to frational -

parts of a pound: here T confider, that in x pound are g6o farthings ;

and in 1 fhilling, 2~ pence, 3 farthings, are 59 farthings; therefore 1_far-

thing is % of a pound;; and 1 fhilling, 2 pence, 3-farthings, arc % ofa pound. .

Preparations for further reduftions and operations.

£

of frattions. ke

& All the operations and redu@ions of fractions, are mediately or im-
mediately deducible from the following principle, which is; that I
the numerator of a fraftion be encreafed, whilft the demominator continues
the fame, the value of the fraftion will be encreafed proportionably 5 and
vice versi. .On the other Fand, if the dencminator be encreafed in any pro-
portion, sobilf the numerator continues the jame, the value of the fraction
swill be diminifbed in a contrary proporfisr; and vice versi. Thus } are
twice as much as I, and } is but half as mach.

From this principle it follows, that if the numerator and denomina-
tor of a fraction be both multiplied, or both divided by the fame num-
ber, the value of the fradtion will not b affected thereby ; becaufe, as
much as the fraction is encreafed by multiplying the numerator, juft

“fo much again it will be diminithed by multiplying the dénominator.; .

and as much as the fraction is diminifhed by dividing the numerator,
juft fo much again it will be encreafed by dividing the dénominator .
Thus the terms of the fraction ! being doubled, produce §, a frattion of
the fame value; and on the contrary, the terms of the: fraction § being

halved, give . v
Hence it appears, that every fralion is capable of infinite varety of
exprefiion, fince there is infinite choice of muhtiplicators, whereby the
numerator and denominator of a fradtion may be multiplied, and fo the
expreifion may be changed, without changing the value of the fraltion :
thus the fraction ', if both the numerator and denominator be multiplied
by 2, becomes 3; if by 3, 1; if by 4, §;if by 5, %5 and {o on ad infini-
tum ; 2l which are nothing elfe” but diffcrent expreflions of the fame
» fm&ion -

ey
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24 REDUCTION o * ' '
fraftion : therefore in the midft of fo much varicty,-. we muﬁ":no_t"' et e
that every fration we meet with thould hlwa{s'be mn it’sleaft or'loweft . L &
terms ; but how to reduce them to this ftate whenever they happen‘to be - :
otherwife, fhall be the bufinefs of the next article.” - g ..

The redullion of fractions from 6z;g-ber 20 lower ter;/;.s:.‘-

- 7. Whenever a fraltidn is fu‘fﬁ&ed not to be in it’s leaft terms, find
out, if poffible, fome number that will divide both the numierator and
denominator of the frattion without any remainder ; for if fuch 2 num-

ber can be found, and the divifion be made, the two quotients thence

arifing will exhibit refpeively, the numerator and denominatorsof a
fraltion, equal to the fra&ion firft propofed, but cxprefled in more fim- ,
ple termis: this is evident from the laft article. As for example ; let the b
fraltion 12 be propofed to be reduced : here to find fome number that

will divide both the-numbers 10 and 15 without any remainder, I begin

with the number 2, as being the firft whole number that can have any

effedt in divifion; but I find 2 will not divide 15; 3 is the next number

to be tried ; but neither will that fucceed, for it will not divide 10; as

for the number 4, I pafs that by, becaufe if 2 would not divide 1 o

much lefs will 4 do.it; the next number I try is 5, and that fucceeds ;

for if 10 and 15 be divided by 5, the quotients will be 2 and 3 refpec-

tively, each without remainder ; therefore the fraction ®, after being re-
duced to it’s leaft terms, is found to be the fame as 5 that is, if an unit

be divided ‘into 1§ equal s, and 1o of them be taken, the amount

will be the fame, as if it had been divided into 3yequal parts, and 2 of -
them had been taken. Secondly, if the fraction propofed to be reduced

2E20: paagiias : : 1260 ..
be ——, divide it's terms by 2, and you will have the fracion —= ;- di-
75 37 ’

- > . 630 oine . .
vide again by 2, and you will have T divide again by 2, and you
- 31
will have 233
: 945
~ . 1C3 . . . £
thefe laft terms by 3, and vou will have —; divide again by 7, and you
315 5

; therefore all further divifion by 2 is excluded : divide then

-~ - 0 \'-_
will have -‘d‘;_; divide by 5, and you will have 7 ; and laftly divide by
2520 )

: i 7360’ ”
flon by 2, 2, 2, 3 3 $5» 7, 15 found at laft cqual to i, Thirdly, the

fraftion 3, after a continual divifion by 2, 2, 3, becomes 3. Fourthly,

§ ~ S < 1
i3 after a continual divifion by 2, 2, 7, becomes :. Fifthly, ﬁ after a
. L4 > - 1

=, and you will have t5 {o that the fraction after 2 common divi-

conti..
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continual dxwﬁgn by.z, 2,3 3 beco‘ ms;«,?} g T

nual divifion by 2, 3, and 77, becomes f Se tbly_ﬁ o ,'
divifion by 3, 5, 7, becomes§. Eighthly, 25 after a continua

continual divit

L Nt —— '..-.'.)v,(;‘;" R

fion by 5 and 7, becomes L Ninthly, %: after FiSntndal i'"'[i’:'" ,b,y,
‘ o e R O

W S

5, 7, 7, becomes 2, or 3.

gais " ' X ey (s s
Some perhaps may think themfelves helped in the pm&iceoftﬁi;‘@i;;‘

by the following obfervations :

Firft, that 2 will divide any number that'ends with ar even umbery .\

¥ 2 LRIy e

or with a cypher, as 36, 30, &¢. and no other. == _
Secondly, that 5 will divide any number thatends with a s, or with:
a cypher, as 75, 70, &¢. and no other. - gl
. Thirdly, tgat 3 will divide any number, when it will divideithe fum
of it’s digits added together:: thus 3 will divide 471, becaufe it will di-
vide the number 12, whichisthe fum of the numbers 4; 7and r. =
Fourthly, if both the numerator and denominator have cyphers an-

nexed to them, throw away as many as are common toboth : thus -—.~s”°°'
35 7 &
11

1s the fame as % O .

. 4

After all, there is a certain and infallible rule for finding the greateft
common divifor of any two numbers whatever, that have one, whereby
a fraction may be reduced to it’s leaft terms by one fingle operation on-
ly. Ifhall be forced indeed to poftpone the demonfiration of this rule
to a more convenient place, not {p much for want of principles to pro-
ceed upon, as for want of a proper notation ; but the rule itfelf is as
follows: Let @ and & be two given numbers, whofe greateft common
divifor is required ; to wit, a the greater, and 4 the lefs: then dividing
a by 4 without any regard to the quotient, call the remainder ¢; divide
agaie & by ¢, and all the remainder 4; then divide ¢ by 4, and call the
remainder ¢ ; then divide 4 by ¢, and call the renninder £ and fo pro-
ceed on, till at lait vou come to fome divifor, as' £, which will divide the
preceding number ¢ without a remainder: I fay then, that this laft divi-
for will be the greateft common divifor of the two given iumhers # and
b, As for cx.unPlc; let 2 be 1344 and & §82: then to find the great-

)
l'ﬁ:" ‘
¢

eft comumon divitor of thee numbers, I divide @ (1344) by 4 (582) and -

there remains 180, which I call ¢; then I divide 4 (582) by ¢ (180)
and there remains 42, whichI all 4; then 1 divide ¢ (180) by 4 (42)
and there remuins 12, which I call ¢; then I divide 4 (42) by ¢ (12)
and there remains ¢, which T call £ latly I divide ¢ (12) by f- (6()1 |
D : an
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26 4.
and there remains nothing : whence I conclude that 6 ‘l§" ateft
common divifor of the two numbers 1344 and 582; and as the quatients.

: : IS R
" to i’s leaft terms, will be ;9214. If no common divifor can be found but
unity, it is an argument that the fradtion is in it's leaft terms already. -

by 6 are 224 and g7, it follows, that the fraGion S ;thl’mtiﬁo‘éaf e

cEDTCTIoN e N

From this and the laft article it follows, thatall fraGtions that are re-

ducible to the fame leaft terms are equal; as 4, §, 12, &, which are all
reducible to *; though it does not follow & conver/s, that all equal frac-
tions are reducible to the fame leaft terms; this will be demonttrated
in another place. (Sec Elements ¢ Algebra, Art. 193.) s
For the better underftanding of the following article, it muft be ob-
ferved, that this mark x is a"fign of multiplication, and is ufually read
into » thus 2 x 3 fignifies 6, 2 x 3 x 4 fignifies 24, 2 % 3 x 4 % § fignifies
120, &c; and in fome cafes it will be better to put down thefe compo-
nents or factors, than the chara&er of the number arifing from their con-
tinual multiplication, as in the following article. It ought alfo to be
obferved, that it matters not in what order thefe components are placed;

for 2 % 3 x 4 x 5 fignifies juft the fame as 4 x §x 2% 3, Ge.

The reduction of frattions of diflerent demominitions, 10 others
of the Jame denosnination. '

S There is another reduction of fra&tions, no lefs ufeful than the
former: and that is, the reduction of fractions of different denomi-
nations to others of the fame denominagion, or which have the fame
denominator, without changing their values; which is done as follows :
Having firft put down the frations to be reduced, in any order, one
after another, and beginning with the numerator of the firft fraction,

multiply it by a continual multiplication, into all the denominators but’

it's own, and put down the produ&t under that fraction ; then mltiply
in like manner, the numerator of the next fraion into all the denomi-
nators but it’s own, and put down the produét under that fra&ion ; and
{o proceed on through all the numerators, always taking care to except
the denominator of that fraction, whofc numerator s multiplied. Then
multiplying all the denominators together, put down the product under
every onc of the products laft found, and you will have a new fet of
fractions, all of the fame denomination with one another, and all of the
fume values with their refpeétive original ones.  As for example ; let it
be propofed to reduce the following fraftions to the fame denomination,
145 10 i/, The numerator of the firft fraction is 1, and the denomi-

nators

-
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nators of the reft are 4, 6 and 8, and 1 x4x6x 8 gives'192 ; |

fore I put down 192 under ;. 240, The numerator of thefecond frac- - fpor
tion is 3, and the denominators of the. reft are 6, 8 and'2, and" W6 i)~
x 8 x 2 gives 288;; therefore I put down 288 under 1. ‘3dly, §x8%x2 =
x 4 gives. 320 ; therefore I put down 320 under §.  4tbly;.7% 2% 4%6

gives 336 ; therefore I put down 336 under 7. Laftly, 2% 4% 0%, -
or the produné& of all the denominators lai{84 this ‘therefore I put NIRRT
down under every one of the numerators found, and fo havea new W RN
et of frations, viz. =, =, 2oy %g-i all of the fame denomination,

as appears from the operation itfelf ; and all of the fame value with their

refpective original ones,-as will appear prefently ; but firft fee the work:

r . n OB 3

388 384 384 384 R o

A demonfiration of the rule. ' e
All that is to be demonftrated in this rule is, to prove from the na- o
ture of the operation itfelf, that the original fra&ions fuffer nothing in | \

their values by this reduction: in order to which, it will be convenient 3 At
to put down the components of the new numerators inftead of their pro- -
per charatters, as in the laft article ; asalfo thofe of the common deno-
minator, and the work will ftand thus :

3 3 < -
% e o* L M
1 x4x06x8 1 x6x8x2 gx8x2x%x4 mx2%x4%0

2x4_x-6‘:<‘13' 4x6x8x2 6x5 xAX4 b‘xzxq.xb..

By this method of operation it appears, that the numerator and deno-
minator of the firft fraction !, are both multiplied by the fame number
in the reduction, to wit, by 4 x6x38; and therefore that fraction fuf-
fers nothing in it's value, by art. 6. In like manner, the terms of the fe-
. cond fraction 1 are both multiplied by the fame number 6 x 8 x 2; there-
fore that fraction can {uffer nothing in it's value; and the f2ame may be
{1id of all the reft. Q. E. D. -

N

Other examples to this rulé. .

] 3 T T . ] b . ' v

B 8 + $* S 3" + s* é
160 240 10 123 120 120 9o 72 Go >
— — — —— - — — o N ——
2:0 720 o8 730 =20 160 300 360 360

w)
)
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 The ufe of this rule will foon appear in the addition’and fubtri@ion of

fra@ions : in the mean time it may not be amifs to obferve; that'it would: -

be very difficult, if not impoffible, to compare fractions of 'différent’ de-’

nominations, without firft reducing them tothe fame, | As’for'inftance;

fuppofe it fhould be asked, which of thefe two fractions is the greater, 3,
or §; in this view it would be difficult to determine the queftion;-but
when I know that 3 are the fame with 2, and that fare the fame with 22,
I know then, that 1 are greater than { by a twenty eighth part of the whole.

We now proceed to the four aperations of frattions, to wit, their addi-

tion, fubtraction, multiplication and divifion:: and firft, .

: 3i¢ g
Of the addition of fraltions.

9. Whenever two or more frations are to be added together, let
them firft be reduced to the fame denomination, if they be not fo already;
and then adding the new numerators together, fPut: down the fum with
the common denominator under it. In the cafe

of mixt numbers, add

firlt the fractions together, and then the whole numbers: but if the.

fraCtions when added together, make an improper fra&ion, reduce it by

the 2d art. to a whole, or mixt number ; and then putting down the'

fraCtional part, if there be any, referve the whole number for the place
of integers. : :

To this rule might be referred (if it had not been taught- already in
the 3d art.) the reduéion of a mixt number into an improper fracion,
which is nothing elfe but adding a whole number and a fraction together,
and may be done by confidering the whole number as a fration whafe
denominator is unity.

Examples of addstion in frafticns.

17, & and % when added together make 7, for juft the fame reafon
as 3 fhillings and 4 fhillings when added together make 7 fhillings.

2dly, The fraflions * and ! when reduced to the fame denomination
by the laftart. are & and 31, and thefe added together make Z; therefore
the fractions % and | when added together make up the fracion 7. '

For a better confirmation of thefe abftract conclufions, but chiefly to
inure the learner to conceive and reaforrdiftinétly about fractions, it ‘will

be

.-




Art.g. . FRACTIONS. ' . ¢
- be very convenient to apply .thefe examples in fome particular.
for inffance, in the cafe of a pound fterling; and if we'do' fo here,fwe . 7 S
arc to try, whether ! anid  of a pound when added 'to‘gethér, amo‘uni“to LAY Lired e ¥
z of a_pound, or not: here then we fhall find by divifion,’ that the third-
part of a pound is 6 fhillings and 8 pence, "and the fourth’part ¢ fhillings; A T
. and thefe added together, make 11 fhillings and’ 8 pence ; ‘therefore ¥ i

and  of a pound when added together, make 11 fhillings and 8 pence; = =
but by the sth art. it will be found that z of a pound are alfo 1t fhil~ -
lings and 8 pence ; therefore I and i of 2 pound, when added together, 4,
make % of .a pound ; and the fame would have been true in 2ny other
inftance whatever. - ~ : ; ey :

adly, tand }, that is, 1 and 5, when added together, make ¥, which
will alfo be true in the cafe of a pound fterling ; for by the sth art. 2 of
a pound are 8 fhillings, § of a pound are 7 fhillings and 6 pence, and
their fum is 15 fhillings and 6 pence; which will alfo be found to be 4
the value of 2 of a pound ; therefore % and } of a2 pound when added to-~
gether, make 3! of a pound. . ' :

4thly, tand 4, that is, 22 and %2, when added together, make %, an im+
proper fraction ; which being reduced to a mixt number, by the 2d art,
1s 1 and X: let us now try, whether 2 of a pound, and # of a pound
when added together will make one pound and % of a pound over, or not:
now :.of a pound, or 13 fhillings and 4 pence, added to £ of apound,
or 16 fhillings, amount to 1 pound g fhillings and 4 pence; and 7 of a
pound, are found to be g fhillings and 4 pence ; therefore 2 and ¢ of a
pound when added together, make onc pound and 7 of a pound over. -

sthly, 1and 3, that is, 1* and 2: when added together, make &, or 17,
which will alfo be true in the cafe of a pound fterling. '

Othly, % 4,5 4, &4 that is, ~3~6—°, e -'39, Mt 2 when added toge-

720" 720" 720’ 720" 720 -

: . 1044 . y e .
ther, make it that is, 12: try it in money.

-

doi
......

. 360 480 540 576 Goo
~fhfye -t 2 3 4 C s JO s e e R T dstird
~thly, %, %, 3, 4 and §, that is, Sn i G and ot whcn added

2556 ;
Y 55
together, make = that is, 3.

f

8tbly, The fum of the mixt numbers 77 and 81is ¥57%; for the funy
of the fractions is 2 by the fecond example, and the fum of theavhole
numbers is 1. e

otbly, 5% added to 74 gives 1375 for the fum of the fra@lions is 1 7,
by the fourth cxample ; and the whole number 1, added to the whole
numbers 5 and 7 gives 13. ’

tothhy,
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rotbly, 81, 9%, 10}, 114 12§ added ‘together make s
fra@tions themfelves make 33 by the- feventh example, and"the whole- ©
number 3 added to the reft makes 53. R e T

112bly, The whole number 2 added to the fraftion 1 gives %5i forthe
whole number 2 may be: confidered as a fraction, whofe' denominator is
unity ; now % and } when reduced to the ‘fame denomination, are’$ and ~
3, which added together make ¥. it i T T R

Thus alfo may unity be added to any fraction whatever, when fub-
traction requires it ; but better thus: unity may be made a fraion of «
any denomination whatever, provided the numerator be equal ‘to the de-
nominator, by art. 2d: fuppofe then I would add unity to 2;-1 ﬁ;‘gpéfc
unity equal to i, and this added to - makes § : agaip, unity add to3 "
makes §, becaufe § and # make . e '

- Of the fubtration of frafr’z'om. |

10. Whenever a lefs frattion is'to be fubtracted from a greater, they
muft be prepared as in addition ; that is, they muft be reduced to the
fame denomination, if they be not {o already ; then fubtra&ing the nu-
merator of the lefs fraction from that of the greater, put down the re-
mainder with the common denominator under it. In the cafe of mixt
-numbers, fubtra&t firft the frafion of*the leffer number from that ‘of
the greater, and then the leffer whole number from the fgrcater: but if]
as it often happens, the greater number has the lefler fracion belong-
ing to it, then an unit muft be borrowed from the whole number and
added to the fra@ion, as intimated in the clofe of the laft article.

Examples of ﬁzétr&é‘iiorz in _fratlions,

1/, - fubtraGed from £ leaves 1, juft in the fame manner as 3 fhil-
lings fubtracted from 4 fhillings leaves 1 fhilling.
2dly, 3 fubtracted from 3, that is, 12 fubtracted from %, leaves 2 or L,
So : of a pound, or 15 fhillings, fubtraited from §of a pound, or 16
fhillings and 8 pence, leaves ; of a pound, that is; -1 fhilling and 8 pence.
3dly, 71 fubtratted from 8!, that is, 73 fubtra&ed from 83, leaves 1},
4tbly, 7% fubtracted from 81, that is, 71 fubtrated from 74, leaves £,
or }; for here the greater number having the lefs fraction belonging to
it, I borrow an unit from the whole number 8, and fo reduce it to 73
and then this unit, under the name of 4, Tadd to the fraction ;, and fo
make it £, )

sthly,
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conclufion, and we fhall then have 9y—rr=0, ind J’=-£,

=§-:~‘- thus then at laft we have found the ultimate rano Qf:

y S ,.
rfoe, which.

€

i b : . pis AN R e s L5
is that of r to 5, that is; of 3 to 1, and the ultlmane-,nngmtud_c'of'tbe.- s
e DML ‘- 8 [ § 798 “ '*- g‘-.
fraltion ::- is —‘:— or 3 : this bemg known, we fhall ]i?vc g < orf=.__ _:_;uw&:;
S . , 3

4

and — O g=—1, and the equations derived from this fuppéﬁﬁon' : | G
of e==0 will be xx—g=—0, and xx—1—o.

How others may relith thefe mathematical myiteries I know not/; but
for my own part I muftsown, it is not without the utmoft pleafure and s
furprize that T obferve, what admirable fhifts pature hath to bring her- s
felt off upon all occafions when (ke feems to be farrounded with infupe- - ¢ -
rable ditficulties; fhifts fo far beyond all human contrivance, that it is t
not always in the power of human underftanding to trace out her fleps }
and follow her, much lefs to preferibe to her: but the fublimer parts
of Mathematics, and more particularly the do@rine of Fluxions, furnifh -
us with flill more frequent and pregnunit inflances of this kind, infomuch = " 7
that the ancient Sage (whether he knew it or not) had a great dezl of -~
reafon on his fide when he cried out as he did, P

Magna off weritas, et pracvalcbit,

The Metaphyficiins tell us, that the material world is nothing clfe but
an emanation from the ideal: and it may be fo, for ought I know ; butin
the mean time I cannot but be furprized to hear Gentlemen talk at this
high-flown rate, who know fo little cither of one world or the other. It
3s in Mathematics only that truth, thac is, rational truth, appears moft con-
fpicuous, and fhines in her firongeft lufire: in all other fciences fhe s cicher
felf-cvident, or lies fo near the day as to afford but little pleafure in the
difcovery ; or if {lic lies deeper and muit be dug for, The is feen for the
moft part through fo much drof, obfcurity and confufion, that filfhood
herfelf under a plaufible difguife often paifes for truth. W hofeever then
would be thoroughly acquainted with the nature, beauty and harmony
of truth; wholoever to the utmoft of his finite capacity would fee truth
as it has actually exifted in the mind of Ged from all cternity, he muit
findy Mathematics more than Metaphyfics : in Mathematics there ap-
pears an wmnterrupted vein of truth, which the fearcher s at liberty to
purfue, or any particular branch of it, as far as he pleafes, making every
Fnown truth fubfervient to the difcovery of fome other: but in n}oit ?

other
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Art. 469. The neceffity of Matbematics in Natural Phil fo;’by’ ',
other fciences, all that beautiful analogy, -all that harmonious con
and confiftency is quite loft; and thofe truths that are- difcovered,
fo faattered, and fo very, independent onc of another, that they feemito.
have no manner of relation one to another, though it is certain’ ihadﬂll~
truths have : upon all thefe accounts it is no wonder that' much greater -
advances have been made in and by the Mathematical fciences, than.inalls ¥
the reft put together without them, : T N 0 e

As to the material world, if nature be not governed by conftant : o

fleady laws, all Philofophy is vain and freitlefs: but if on the contrary ~
flie be always confiftent with herfclf, if fhe will fooner produce a monfter
than deviate in the leaft from any of her own laws, fhe will then fubmit
in all cafes to be examined and tried by thofe laws: whether they be fuch
as fall immediately under common obfervation and experience, or others
lefs obvious that are only by reafon deducible from thefe, we fhall always -
find nature as much obliged by her own laws, as truth by the neceffityand _/,
reafon of things; fo that we never need to doubt of our following nature,
if we reafon juflly from things known to things unknown, whether it'be

S

from cffects to their canfes, or from caufes to their effe@s. But then we o
onght to be cautious in the feveral fleps we take, and enquire firft, whe- ' \GoL
ther the caufes fuch and fuch Pleenoyiena are to be aferibed to, have them- ; ST
felves a real exiftence in nature or not; and if they have, fecondly, whe- ; LA
ther they are or can be naturally productive of thofe effects ;- and if they ‘s i o
are, laftly, whether they be efficacious enough to produce them in fucK g AL
quantitics and degrees as we find them in nature: by this means we fhall % e 8

.

find many cfiets that were volgarly aferibed to different caufes, adtually
soceeding from one and the fame canfe; and as our naturzl knowledre
uproves, the number of natural caufes vwill bé reduced, and nature, every
flep we take, will appear more fimple and uniform.  But then thefe de-
duftions, thefe enquiries cannot pollibly be made to 2ny degree_ of cer-
tainty without a thorough knowledge of quantity. and proportion: and cry £
hence arifes the very ereat ufe and even necefiity of the Mathematical AR
fuiiences in natural Philofophy ; and T doubt not but this was one main
end of the allwife Author of nature in befowing fo ineflimable a gift up-
on rational creatures; for this method of reafoning, if dugly cultivated
and purfuad, would bring us nearer 1o 2 true krowledzoof God in his
arcation than all the metaphyeal argon of the fchoals, “T'his was the me-
thod the eredt Newzan teok; znd how he facceedgd in it is - fafficiently
known to 21l the fober and thinking part of the lexrned world.
It is not to be denicd fudead bet that Mlathematicians may, and very
olten do fail in their selvarches after natere, fometimes from a too rafh and
mconfiderate application ol thar principles, but oltener [rom the di_ﬂicnlty -
of their fubjeéts: but what then? becwufe thefe Gentlemen fometimes 'f:Eil
in
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in their attempts, muft other minute Philofophers, that are wholly®ali
. tute of thefe main qualifications,’ think they have nature more qt'hcu'
power ? Sure I am that thefe, as they have no foundation, fo ncithercan '+,
they have the leaft colour of pretence to any fuch enguiries: all that thefe -~ ™

can do to kecp their ignorance in countenance, muft be feemingly to de-

{pife and heartily to rail at what they do not underftand ;' as if they vo-

luntarily declined 2 part of learning, which their want of application and.

genius have rendered them altogether unfit for. : g : ; i

But the undoubted experience of this and the laft age have fufficiently 3

cftablifted the ufe of Mathematical Learning in Mechanical and Natuoral y \ f
Philofophy beyond all that has been or perhaps can be faid againft it, Nor ‘-'
have the Moderns, efpecially thofe of our own Nation, ftopped here ;
for they have endeavoured to the utmoft of their power to purge it from
all thofc metzphyfical difputes and fubtilties wherewith it hath fo long!
been overrun, poifoned and flifled in it's growth; fubtilties which at beft
amount to little morc than a fort of legerdemain tricks, contrived by Phi- :
lofophers purcly to cover their own ignorance by bewildering the minds e
of others, depraving their taftes, and often giving theny fuch an unhappy '
turn of thought as utterly to difqualify them for all fober and rational en.

quiries : but as the evil we are here complaining of, and the malign in-

fluence it has upon the minds of thofe who arein any meafure tainted with , _
it, begins now (God be thanked) to be pretty well known, it is to be x
hoped that all wife men will guard againit a diftemper fo eafily catched, .- L
and fo very difficultly cured. I do not know whether my zeal for truth

may not have carried me too far in this digreffion: but I thought too much

caation could not be given to all fober and ingenuous Youths, efpecially

at their firft fetting out in their ftudies, againft a falfe tafle, which has

done fo much miichief in the world by extinguifhing that exquifite and

refined pleafure which mankind naturally feel in the contemplation of
truth, where it is genuine and uncorrupted by a falfe alloy ; a pleafure
not founded in our appetites, paffions or humonrs, but belonging to us
purcly as thinking, reatoning creatures; and if ftrictly. enquired into, and
1's abfiructed nature thoroughly weighed, will perhaps be found the only
on¢ the prefent ftate of Man is capable of in common with fuperior Beings,
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R. Abrabam de Moivre having with great fagacity not, L4 —.&E o

o=
B et b

vered a method for extracting the cube root of an impoffible bi~
nomuial, fuch as a-4-/—5, but alfo rendered that method univerfal, !‘? -
fhewing how to extraét any other root of the faid binomial, and likewiie
how to extrat any root out of any given power thereof, hath been pleafed
to communicate-it, in order to it’s being publifhod'\z way of Amdix
to thefe Elements. This important difcovery is a frefh inftance of the. pe-
netration and fkill of the ingenious Author, and cannot but be very ac-
ceptable to thofe who defire to improve themfelves in Algebra. Dr. Saun-
derfon had formerly confulted Mr. de Morvre upon the fubject of extradtir
the cube root of an impofiible binomial in the following Letter, - whi
Letter was principally defigned to return him thanks for the folution of
the latter of his two curious problems about proportionals, and for con-
fenting to have them both inferted into his book ; whereby alfo it arpm:s,

how highly our late Profeffor cfteemed the great abilities of his learned -

Friend.
To Mr. Abrabam de Moivre.
Dear Sir, Cambridge, Septemb. 26. 1738.

This is the firft opportunity I could get to acknowledge the favour of
your's, and to thank you for your folution of your fecond problem, and
for your having fo frankly and without the leaft referve, confented to
have them inferted into my book, which will certainly be- the greateft
ormament it can receive, and the greateft recommendation of it to the
world. In this lait folution you have fhewn (if poflible) more art and

netration than in the former ; but they are both mafter-pieces in their
kind, and do a great deal of honour not only to yourfelf, but alfo to the
art in general, by whofe irrefiftible (and I had almoft faid, unlimited)
power, fuch great things can be cffeled, beyond the compafs of all other -
{tiences, <fpecially when applied by one of your extraordinary ﬁgnglty ?.n_d
genius. 1 find you and T have both hit upon the fame thought in divi-
ding one equation by another in order to gbt:nn a more fimple one;
though you have made a much better ufe of it than I have done, of in-
deed had oceafion to do. Pray, when you write next, be fo goed as to
lct me know, whether you have any thing by you relating to the eXtrics

: tion

v,
A~
.

-
- —

b
g :

-
r .
-
oo
‘



-

; : : B e, -
744 ' Myr. De Moivre's method of extratling . .,‘-" AP
tion of the cube root of an impofiible binomial, fuch as -—’5-}-(‘/__9?’ ore
~—¥—,/—2, or whether in-your reading you have met with'ary way.
of doing this with the fame certainty as in the cafe of a poflible binomial:, . 't
for my own party; I have met with nothing to the purpofe about if, notie, ~ ™
even in Wallis himfelf, who attempts it, Iam : -1 o :
' Dear Sir, et
moft affe@ionately your’s, RSN | |
NSaundcrﬁn oA A X : _‘ﬁh.
P. S. T would not for all the world have been without this laft folu- ' a L
tion, becaufe they both together more compleatly illufirate your method, N B
than would either of them alone; a method wherein you have {o well 1
fucceeded, and which I am fure every one muft make ufe of, that intends : :
to penetrate any further into thefe difficultics. |58 R s E B

To the Editor of Dr. Saunderfon’s Algebra, >
Sir, ' . . |

Among feveral letters which T have received from my late worthy
Friend Dr. Saunderfin, there is one wherein he was pleafed to put 2 que- : L
flion to me, which was, whether I had any method of extradling the , WREEERS | L.l
cube root of an impothible binomial, fuch as a~-,/—#, adding, that what ; '
Dr. J¥allis had writ upon that {ubject, did not fatisfy him. - I do not ex- .
atly remember the terms of my anfwer ; but it was to this purpofe, vrz.,
that I had long ago demonfirated, that the rule given by Dr. 2allis was
no more than a getitio principis, or at beft, a trial which could not fuc- -
ceed in many cafes ; yet, that as my demeonftration lay in a heap of many
other papers, T could not readily come at it : but now that I have rece-
vered it, I hereby fend it you. :

But it is neceffary to premife one thing; which is, that the Doéor's
defign was to fhew, that in cubic equations there is no cafe inexplicable,
notwithftanding the common received opinion of the contrary. QOne of
thele cafes appears in the equation by him mentioned, r'—63r=162;
wherein if we take the value of r according to the rule commonly afcribed

.-
.

[}
*

s 3 3 :

to Carden, we {lll have r-_—.\} 814/ —2700~4/ 81— /—2700 ;
which value confifls of two parts, each of which includes the imaginary
quantity /—=2700. Now Dr. /allis in order to prove the rafhnefs of
thofe who had afferted, that in cubic equations there are fome cafes irre-
ducible, or (ashe calls them) impracticable, fays, that the cubic root of .
81-4,/—2500 may be extracted by another impoffible binomial, w7z,

i

-~
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Append. the cubic roo of the binomial 2=t/ —B.
by 245V —3; and in the fame manner, that the élbig:‘i'
V_:/bo may be extracted, and fhews it to be1—3y/~—=3 ; Fom whenoc
he infers, that 34-1,/—3, -Hi—iv/—3, or barcly g, is one of the roots
of the equation propofed, viz. r—b63r==162: he alfo_findsthe other
two roots, —6, —3. . : NS
It muft be owned, that 3-4-1,/—3 is the cubic root of814-y/—2%00, . - o
and that "his inference s true : but thofe who will confult his Algebra .
page 190 and 191, will plainly fee, that the rule he gives is nothing but =
| 2 trial, both in determining that part of the root which is out of the ra- W, "L BT Ak
dical fign, and that part which is within ; and that if the original equa~ -~ 4
' tion had been fuch, as to have it's roots irrational; his trial would never EI el . 2
have fuccceded.  But farther T fhall prove, that the ing the cube R o
root of 81-+4,/—2700 is of the fame degree of difficalty as that of ex- = it
tracting the root of the original equation ri=—63r==162, and that both re- R
quire the trifection of an angle for a perfet folution : in order to which, gt
Iet the folowing gencral problem be propofed. : [

’
.y

A

To extrall the cubic root of the binomial a—/ —-b. 7 .

SorvT1IoON,

Let the cube root of a—+,/—& be x-t-/— : therefore the cube of - e
x-+y/—y is equal to a+,/—4; but the cube of it is X XK gt T g,
3%—y+/—y : make the rational parts equal to a, and the irfational equal
to 4: hence we have thefe two equations, '

XT3 Xy=—gq,

XXX\t == )y
and by fquaring both equations, we fhall have
K —ObxYy+-gxxyy=aa,
and — Xy ~4-bxxyy—yl=—=—b : ' : A
then taking the difference of thefe two equations, we fhall have ‘ RLAE
X3y 3 XXy ey =—aa--b ;

3 =
and extracting the cube root on both fides, we fhall have xXxy==yaa--b:

e .
let (for fhortnefs’s fuke) /aa-+5 be fuppofed =m ;~"we have therefore
y==m—xx: but from the firlt equation, =iz, x'—3¥y=a, we have

Xz -
— 3 wherefore m—xx—
v ax X
b

—3mx=a: but it is known, that if  be the radius, I the cofine of an -
arc, and x the cofine of the third part of that arc, then the equation ex-
pretiing the relation between £ and x, will be 4xt—3rra==r/: which
cquation is of the fame nature with th% preceding, as appears by fuppo-
< img

, and . gme—j3at==x'—g  or 4
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746 Mr. De Moivre's method of é’:tra&ihg the czf&if, by
ﬁﬁgn‘.—:,vix, or r=/m, and r}1=a,"<>r m{-;:-a,. or I_—.’gzand che r 'j iy ;
- we may now draw this conclufion, that if with a ""‘fl"'}f =‘/m, we' et w :. L AR

fcribe a circle, and‘t;xkc'an are, of which the cofine ﬂlﬂlfbe.ihhm;ﬂmx"'_:;. i
the cofine of the third part of that arc be the value of %3 Which:‘ialucz R
being known, the value of y will alfo be known, it being always equal to
m—zxe, as we have fhewn hefore. . =S g

Still we cannot be fure that the equation 4x'—3mx=qa depends u

the trifeétion of an arc, unlefs we know previoufly that the cube of z.is. . ‘b

“greater than the {quare of .z : but we may foonzc fatisfied of it, if we Py’
SEAL . ;

confider that m has been fuppofed =, /2244 ; therefore m=aa4-b, y B

which by infpection appears bigger than aa. -~

But before-we proceed any farther, it will be proper to obferve that " - :
there are three different values of x, and as many of y: for let C repre- y:
fent the whele drcumference of the circle, of which the radius is =y'm,

A C—A4

. . a
and A the arc, of which the cofine is = then the cofines of —, ——=
C4-A

] - i

will be fo many different values of x; and therefore there will = : " < :FT._
be fo many different values of y, it having been proved before that y is

always =—m—xx, -
But to apply this to the cafe propofed by Dr. Wallis, which was to ex.
tract the cube root of 814-/—2700; make =81, and b=2505;

3
therefore aa--b=g¢261, and confequently m=y/9261=21, and therefore

a 81 2

S : A e
ourradius isy/21. Again, the cofine w21 = - nowitwillbe found by

2n eafly trigonometrical calculation, that if /2 1 be'the radius ofa circle, and

-~

~Z the cofine of an arc, then this are will be 320, 42’ near] ¥, reprefenting the

are A; and therefore C—_4 will be 327% 18, and C+A=392°. 45"; then
the thirds of thofe arcs will be jce 545 109”0, 130% 547; whercof
= the firft being lefs than a quadrant, it’s cofine, that is, the fine of 7g°. 06’
muft be Jooked upon as pofitive, and the other twa being greater than
quadrants, their cofines, that is, the fines of 19% 00" and 40°, 54", muit
be looked upon as nezatives, This being laid down, it will be found by
the rules of trigonometry that the fines of 79" ol', 19°. o8, 40 54', to
vadius /21, will refpectively be 4:4999, —1.4999, —3 .0000, or 9,
—% —3; and confequently that the three values of y, which (as we have

, thewn
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Append. T or any other root of the binomtial 1+J-——b

ﬂlcwnsbcfore) are univérfally exprefled by m—xux, wsll re@e&m:ly
e S OX

§

21—, zt—% 219, ori— 145 12; of which the [qaareroo& I
V3, £/3, 2v/3 5 and therefore the three values of V=3 wxllbc 3}/::3

,/—3, 24/~3;- from' all which we may coficlude, tIiat the three roats
of B V/2700 are i/, —TEI/H, <gifge
and by the fame way ofargmng we mayprovc 3ttl.;zthre::rootso :
\/81—‘/-2 00 are f—i,/—1,

But to nlnﬂZatc what I have l\:t it bc pmpo(gd to ﬁn_-tie equa-

tion wlnch would refult ﬁ'om the addition of the two binomials Va-i-"/

+/a—¢—b in order to free them from their radicality which to
find, let us fuppole o

1°, Zi=—g--/~b;
25 vi=a—/ — 3
35 2v=x. _
By the two firft equations it appears that 2t 4-o—24; by the third, that

] p A 2a b A Sl
D P—X wrerore —— ut
5 R x 4=y

Z—4v
2a Z
therefore we may conclude that 55—z v+4vv=—; but fquaring

=xz—2v-+v, and

the third equation, we have zz4-2204-vv=xx; then {ubtrading the -

. 2a
firft of thefe two laft equations from thefecond, we (hall have JTV=NN— 3

but if z*be multiplied by ¢ and a-+y—bby a—;/—-ﬁ we fhall have vz

==aa--b ; therefore vz=¢aa+b, and ~¢vz=3,/aa+5 or fuppofing

\/mz-i-/::m, then 3um==73m; but we had found hefore, that jvw==xx

24 2ad
e therefore IN—=TTE=3M, Of Xie—2a=—3mx, O X'—3jmxs=24;

which to refolve, the trifeétion of an angle is required, it being of the fame
pature 2s the {ormer w as, IS, .;\’-—3”1.\‘:4 for if in the equation ,
xi—amx==2a, inftecad of x we write 2x, we fhall have 8x'—-—6mx_2a |
Or jX'—3mx=sa. .

But to a0 {1 farther, let it be propofed to extralt fuch root of the bi- ‘
nomial a— /==& as may be denominated by n, wiz, Ja-{—/—-& Let e

x4y —y be t}mt root : then fuppofing / au—+b=m, let a circle be de- » b ; 1
- feribed : '




‘748 _Mr. De. Moivre's rule Jor extradiing. any root out of AM '

any given power of the binsms by b o P

fetibed of which the radiis ffall be' équal-to g/ : ‘moreover fuppofing.
g ?'—"P,' (no matter whcthg:- 7 be an oddoran even nun;bcr, proviq'éé 3

it-be an integer,) tike, in that circle, an arc, of which the cofine fhall be
-,:,-, and let that arc be fuppofed =—4; Iet ¢ reprefent the whole circum-

ference ; then the cofines of the arcs %I-, C:A’ C':A, 2C"—‘A,QC:A
&e to the fame radius /m, will be fo many different values of x. But
it'is to'be obferved, that f many of thofe cofines are to be taken as there
Are units in », :and no more,

‘1 have but one word to add, which is, that if it be required to extrat

be raifed to it’s fquare, and it will be @ad=—bt-2a, /5 ; then fuppofing

may be done as before., g

I think it would be needlefs to fay any thing more upon this fubject ;
wherefore I now fubferibe myfelf

Sir, &,
April 29. 1740, A. De Moswre.
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150. Prob. 16. Onedrases a cerfain quantity of <wine out of a full
weffel that beld a certain number of gallons equal to a; and
f!‘a"l ey !’.'u‘.'l".'s the 'IY://'TI with sealer, takes ﬂjémﬂd dl‘dl[gb} _ 3
of : :
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152,
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yfmmbuimmfwderiogdbmdséﬁ-gbgb winz;

«and fo be goes on for four draughts oné after: anathéP®al.

-----

crusting the weffel with water-; i -tbct't_d.lé/?,.'tﬁ-'

ways taking the qaantity at a drasght, and- fben re- .
Boad
number of gallms of pure wine lft in tk‘uﬁlwqw@ e e

| equaltoh: 1 demand bow much ke took at vvery draught. 234

Prob. 17. What two numbers are thofe, the duét of whofe
M:Zﬁmtim is p, and the quotient of the greater divided
by the lefs is g2 :

’ e sS3 2
Prob. 18, Ler x and ¥ be two unkmown quantities, and
Db, ¢ &, ¢ f known quantities: It is required to find
2be values of X and y by the belp of the two following equa-
Yions, fo wit, ax-+by=¢, and dx+cy—f. 23y

Prob. 19. Tuws perfons A and B were talking of their money :

s A to B, giveme q o 7m0 and I fhall then
{5?".': T times a:gjmutb a:q}o{ {moz.bnv’:glt;ﬁ é fq}fbﬁ A,
&ive me q of sour money, and I fball then have.s times as
much as you will bave Ieft.  How much money bad each? 239

Prob. 20. It i5 required 1o find two numbers x and y of fuch a
natare, that if” both be multiplied into ¢, the Sfirf?
Jball be a fguare, and the fecond the fide or “root of that

Sauare; but if both be multiplied into s, the SfirfR product fhail
é & cube, and the fecond the root of that cube. 240

. Prob. 21, What two numbers aret /¢, whofe difference being

multiplied into the difference of thesr Squares will-make a,
and schefé fum being multiplied into the fum of their fquarcs
will make b? 241

- Prob. 22. Out of a common pack of fiftvtwo cards let part be

diftributed into feveral diftiné? parcels or beaps in the man-
ner following : upon the loweft card of every beap let as
many others be laid as are fufficient to make up it's mumber
swelve ; as if four be the number of the loweft card, let eight
otbers be laid upon it ; if fve, let feven ; if a, let 12—a,
&c: It is required, having given the wumber ,of beaps,
which we fall call n, as alfo the number of cards fiill re-
maining in the dealers band, which we fball call r, to find
the fum of the mumbers of all the bottom cards put together. 243

. Prob. 23, It is required to determine the values of three un-

Rrown quantitics X, y and z by the belp of three equations
of the following form, to wwit, px+4-qy--rz=s, where
the

36
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2{: quantitics reprefented by p,.q,t, s areall  fuppofed. !5’., N
ol ‘b.“ wnt, E RS o s o kW %
158. Brob. 24. What two numbers are.thofe, whofe fums i< ' ¥ o8 -
> the produli of whoefe mltiph'mtiméb? fj % @4;46"}:'.« Ten
159. Prob. 2 f What two numbers are thofe, whofe fum is‘a, and. ~
the fum their [quaresb? v < 1 ibadE T
160. Prob. 26. What two numbers are thofe, whofe fumisa and %
the fum of their cubes b : 247 L&
161..Prob. 27.. It is red to two nambers whofe differense
Sl Rl R e s S
two quotients whofe difference is b, " 248
162. Prob. 28, Wkat number is that, <ohich being added to it's
Jquare root will make a3 250
163. Prob. 29. It is required to find. three numbers in continual '
pty;operhon, whofe fum is a, and the Jum of their fquares 3 J’{, i
ab, : 251 R, 7
164. Prob. 30. It is required to find four numbers in continual pro= 2 oy 3 4:.((‘
portion, and fuch, that the Sum of the extremes may be a, (7 N
and that of the mddle terms b, - 252
165. Prob. 31. M'bat two numbers are thofe, whofe  fum added to the : . }< e
Jam of their fquares is a, and wwhofe d:’[:/rmc: added to the ’ (Win
difference of their fguares is b? g 253 el ",
166. Prob. 32: What two numbers are thofe, .the fum of whofe , g
Jquares is a, and.the produd? of their multiplecationb? ~ 2 57 ;
167. Prob. 33. Let a flone be dropt into an empty pit or-well = It =
15 required, baving given the time from the firf} dropping of
the flone to the Learing of the found from-the bottom, to affy
the &‘!‘h“b qf “the well, .

259- o, ;
The Solution of two Problems by Mr. A. de Mosvre.

Prob. 1. Tle fumn of four continual proportisnals being given, as
alfo the fum of their fquares, to find the fraporrimals.' 263

Prob. 2. The fum of froe proportianals, and the Sum their fauares
besng grven, to find the proportionals. i 20E

~
-

2 BOOK V. : : \
s08. In swhat cafes a preblem may admit of many anficers. . 268
16g. Defizitions of @ multiple, and of @ common wmdtiple, <oith a
corollary. 270. .
17¢. Lem. 1. Leta and b be any tawo. quantities whatever.achofe 2
leaft common multiple is ¢ 2 I fay then thit this leaft common
multiple: -

A IS
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IanecMmﬁbrmy athrmmmlhﬂed iy A
fame quantities. . 271 PRE Rt 1 o
171. Lem: 2, It is required, Lu-wnggrvmaytwumgﬂdm- B, b Sobn b T
B¥s 2 and b, mﬁ;dtbmlmﬁmmmdtxple 272 Vi
172. Lem. 3. It isr red, bavr grmtbmw‘morem&m, * :
to find their leafl common ¢ TONIEY . 273

173. Lem. 4. Letaandb&eagtwowxegualqm’ntftz’a,'ibb}vy‘"
¥ c and d are multiples refpeltively = It is required.to fnd as
more multiples as we pleafe gf tbe ame quantities with “
the fame difference, that is, that a's mu may always ex-
ceed that-of b by c—d if c be greater tband or elfe that

that ©'s multiple may always exceed that of a by d—c 1ifd

be greater then c. 274
174. Lem. 5. Lefaandb be amy gamhtu: whofe greatefl com-.
men meafure is ¢ I fay tbm t unequal multi-

ples of a and b be taken and compare 7:19(1;' difference can
never be lefs than the greateft common mm_/bre C 175
175, Lem. 6. It is required, baving given tws numbers a and b,
scheregf a 5s_fuppofed 70 be the greater, to find two une al
mults fla of thefe numbers <chofe difference (Eall be the le
poffible, that is by the laff article, schofe difference fEall h' th
greateft common ﬂ'c'q/&r: of a and b. ibid.
176. Ll‘m 7. If in any of the equations exbibited in the Iaff artick,
the coefficients f_‘)‘ a and b be multiplied crofswife into the cacf
ficients of a and b in the (9:1::!:07: next 1t, whether above or
belore, ©'s cocficient being confidered as zﬁ'rmatx"e ) ¢
then that the difference o/ the two produlls thence arifing
will chreys be equal to urity. 278
177. Lem, 8. .Sufpc/:'zg al! things as in the two lafl articles, if the
coefficients of a and b in the feveral equations exbibited in the
,{d’o]::m to the 175th article be turned into fraliions, by
making the (xf(':r's ¢f b the numeraters, and tboft of a the

the demominaters ; I fay then that the jfralfions %, %,
P RS
- (L,r—, o tI serll all be sn their /e(jl ferms. 279

178, Lem. g. Suppefing ell things as in the laff article, I fay that

o1 P (.LR S 1
‘b e b E, - - - s e .
..rf;..‘f..cm L P’ Qs are of fuch a nature

Cas



‘4 4 e
/ Thc CON T ‘E N T S
A as fo be alternately Igf: and greater tlmz tbe ﬁa&
but yet fo as conflantly t converge towards if. e 80 .
179. Lem. 1o. Suﬁoﬁngag things as in the fmgmngmwh; I;; 2 /3
RST e

that the fraétions 5 (qu ey exb:b tbe ﬁag:':,' t.
a h.‘\. “‘

. more accurately than any otker fractions wbatc'vfr of kﬁ
dencminations can do 5 and particularly I fay, that tbe_}"ra- TS

T
Son — appmacbc: nearer £ the ﬁa&:m 5 than ‘any fm-

&tion. can do whofe d:nominator 3s lefs than t. 281
T exprefs a given ratio to a given digree of exalinefs, exmpI{ﬁed n
the proportion of the circursference of a circle toit's diameter. 284
Of primary and fecondary converging ﬁ'aﬂmm .+ 28¢

Co. Lem. 11. Let there be tuo fm&zom and = j:':cb that if

a continual dr}:ﬁm be made from a and b, accordmg to the
metbod for finding the gre ateff common mea_'fure the quotients
thence arifing fPall be ja.m to be the fame, both in quantsty,
order and number, with the quotients arifing from a continual

d:'-{/.'on made _/rcm cand d: I fay then that the fraétions ; 'g
E a.-:d' 9% swill be egual one to the c.‘lw-. 288 3 i3
Hence, a g("{n.:' definition of proportionel; [ity. 280 : : 34

OF INCOMMENSURASBLES.

181, Ax apelogy for introducing the ds&rine of Incommenfurables : g« 2
u:.’a 14 If't'au. ' 290 . e
182, Definitzons wwith ‘src.‘l‘":ri.s. and Axiems. 291 X
183, Pmp All co memenfirable ?Uol.'fl.-('s are fo eie auother as
...:-,"’:u o number ; ond vice verfa, all quantities tiat are
£5 o u:ct’w esn .m.&r £0 ).'thbcr are (omm(r nfuradle: - 292 N
184, Prop. 2. Jne auirmienf: urcble qua antities are not 19 each other as '
. number to number y and vice verfa, guantitics that gre not
13 euch sther o5 ru v:!'c-'- 20 number are incommenfurable. 293 _ e °
18z, Prop. 3. If four quantizies a, b, ¢ and d be prcporttorm[rfr /o
Y m.r amsobascrad: J/‘n' !/w: that if the tweo fir, ? 2
cud b b2 comn: r'r.r.:'z’.', the two Jeft ¢ and d <eill aljo be o
commeniiarsble o but i ”.' t9 firft a and b be tncommenfiera- - iy
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ble, the two loft ¢ and & will alfp be incommenfirable. - ibid,
186. Prop. 4. If #wo quantitics be commenfurable to-a third, they,
will be commenfurable to-one anotber. kL izgg
187. Prop. 5. As incommenfirable quantities cannot be equal to one
anotber, Jo neither can any multiple, part or parts of one be
equal to any multiple, part or parts of the otker. 195
188. Lemma. Jf of tewo bomogeneous finite quantities a and q, from'
the greater a be taken more than it's kalf, and from the re-
mainder more than it's balf, &c; I foy then that this fub-
fraffion may be continued to a remainder Iefs than q. ibid,
189. Prop. 6. Let aand b be any taco bomogeneous quantities; and
i B BB AR L% h Jrom thefé twco quantities let
o oot wis Bl pontenal divifion be formed
etpisieds 30 O in manner following : divide
a by b, andlet the remainder be ¢; then divide b by ¢, and
let the remainder be 4 5 then divide ¢ by d, and let the re-
mainder be ¢, &c: I jay then that the feriesa, b, ¢, d, e &c
may be contimued o terms lefs than any affznable quantity, asq. 296
1go. Prop. 7. Suppefmg all things as in the loff propofition ; I fay
then that <ckatever quentity <oill mecfire any two terms of
the foregoing feries that lie next 5 one enother, the fame will

meafure all the roff botd befire cnd after them. - ibid.
191. Prop. 8. Suptefing all 1} Ings G in the two jar«gc:’ng frefofi-
X - i

troms, I fov that if the criginal terms a and b be commen-
fureble, the firtesa, b, ¢, d, ¢ &cwill ret runon ad infini-
wm, bus wrll break off, 6 that the loft term of the feries weill
be the greateff commen mecfire ¢f 2 and by and vice verfa,
e {0 “termis a, b, c,d, e &¢ &% rmer run on 2d infinitum,
{ fov then ther the erigingd terms a ond b <oill be commers-
jurabie. 7
so:. Propog. It s requircd, Paving given three commenfurable
grantizies a, bend c, t7 pnd their greareff commen meafure, 268

[ )
O
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terms, beceme ene and the fame froSion. 299

195, Prop. 11, Iftlere be tlree numbers 3, b and ¢, wheregf ais
prime 1o b, and b ss o maltiple ¢f ¢ 5 1 fay then thet a <ill
é :
be prime to-c. 5 301
P : : B T G oy e %
;5. Propoaa, Irews mumbers 2 and b be both prime 12 ¢ third
vnmber 3 I fav then that their produlab aill alfo be prime
to the firie third mumber ¢ ; or (which amounts to the fame
thing) rlat the preduli ab and the number © will fove no

CCrRrmats Jdfure ool wnily, 302

196.

e
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196, Prop. 1 there. be three. i,omg%,‘,. ,,,:‘:‘*
? x?zpcomg:maq proportion, andif themiddle- tm
ble to the extremes ; I fay then that the Teaft i
. propertion of the extremes will be both Jquares.
197. Prop 14. If there be three bomogeneous’ s | ,
b and ¢ in continual proportion, whofe extremes a'and ¢
are commenfurable to each otber, and if tbﬂe@?&m&ers 172 P
the proportion of thefe extremes be not bothfquares ; Ifays
then that the middle quantity b will be mmmmey'w'a&le om0
both the extremes. [
108. Prop. 15. If there be any whole number as n, <wbofe [yuare
Fool cammat Be expreffed by any other wwbole nmnhr i§ fay
then that neither can it be exprgﬂ'ed by any ﬁafhan what- |
e Sibid, < SRS
199. Prop. 16. If there be tawn numbers a and b the leaft in tba{ Raraet.
proportion, and fuch whsfe fquare roots are commmfura&lem :
to the other 5 I fay that the numbers a and b muft be both .
fquares. 305 /F 40
200. Prop. 17. If taes incommenfurable quantities as 2 and y/3 be P
put 22 gether, jo as to conflitute a third quantity 2-+-/ 3 ; et
I firy then that the quantity fo conflituted fball bemcommm_/il- e g 2 \‘
rable to both the ¢ ':"?".Jerrr parts. 306
1. Prop. 1S, The fide and diameter of a fquare are incommen-
rable. - ibid,
ch;:xm If a fyuare number be even, not only if's root, but it's /.
balf wiii be f5 225 ibid.
. Schol. A I O.ﬁ:}".ﬂ".-:.':'9:1" upon the sobole, ' 307

L]
[
8]

Problems adrnittin" many anfivers.

Prob. I_(. a and b be tws incommenfirable quantities, a a -
g'_.;.'f.r andba .’m nd fuppsfing a contiiial divifion to be
made frem a and b, acc Ju.’u'( to the method for _/mdmg the
grecte .' cammic meafire, ket the 9'1012.’1{::': thence arifing be
crtiin numbers alw, ._.; r;. rnt ug in the fame order adinfni-
com: I i re quirsed ro detcrmine the "a/':e of the fraction -
t: s or (wiich is the fame thing) 1 l,.’fc'l'lli!”:" the propartion M

]
(¥
v

fash """:": 5 '.j\' approximation, admitting fird numbers %
20 the exprels 308 :

L.\.lmpks. 211~

254, Prob. 2. Jouwea friend e fhilling, or fome number Qf:/])l”ll!‘"}

-

arnd e have narding but zuincas and loutflors about us; the
s 2 gt{:l{m:‘

.-
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206 Prob. 3. It is required to as many, mber: aswe Ie i
of this t c&am&teqrx,‘ 10 wztji’llr‘:t if any one of them be dx d ' -. 2
? two given divifors, 2 a greater and b a 7(/.':, they jbdll e TR 77
ave two given remainders d and’c rg/'peﬂmelj I 16 ,
Examples. -~ 320
Examp 6. Suppofe the prefent year of Chbrift 2o be'1739, and
that there was a year not above 200 years ago wherein the
eycle of the Sun<was 8, and the cycle qf the Moon 10 : What
was the number of the year? 322"
207. Prob. 4. To find as many numbers as we pleafe with this
property, to soit, that if any one of them be feverallydivided
by three given diz vifors 3, b and c, whereof a is fuppofed the

greatef and c the leaft, the remainders jl*all be three given _ a-
numbers d, e and f refpelisvely. : 323
Examplcs 324 R 43

Examp. 4. Lef it be required to affign in<wkat year of Chrift : :
the cycle of theSunscas 8, the cycle of the zWaon 10, and-the S e
¢ycle of the Indicion 10. 327 , ‘

To fnd in <cbat glace of the Sfulian Pericd ¢ any year is, for - ' :

which the tbreeoc/e:cj the Sun Meen endIndiiFienare given. 328
208. Prob. 5. Of rauo  given numbers a and b, whereof a is the
greater, 12 find tsco multigles swhofe difference flall be any
given number < la.mrr r’ hat 55 divifble by tbe gn’atrﬁ
ccmmen meafure of a and b, 329
2¢g. Prob. 6. Haewving S-t. n twwo pumbers a end b wwhofe /c(.'
crt.:r'r m../’:f e 15 ¢, anm !alfo a third number ai d that'is.
divifible by the greate)t F common meafure ofaandb; It isre-
¢uired to j::.‘. .j J; _‘j':c/:', foro mu! !:/,I:s q/ aandb. 'ch_/e /am , : < ;
Jrallbe that given number d, or (which ss !Zefame thingj: 't‘ e
o5 required o divide the grven number d into two fuch paits,
iat ene fart frcll be o n..d::f/: efa, and the other amul-

"-J( j b 3 331 : 3
- .
a - ” S : '
210. Lem. 12, Ler - i exgrefs any fraftion inif’s leaft terms, and . N B
lez tZis frofiion be multiplicd by fome whole number d, fo
J /4
3 IR o;.,' g PR 7y - e in - 7
$rar rie preduct o= may be alfo asvkole (zumbtr. Ifay then

that p
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 that the multiplicator d muft. hg‘;
multiple of the defiominator b. < =
211, Probl: 7fL!tba;,F‘3;H¢,d,c, &c b:rma;r}u ber'iof bandsi bikes
thofe of @ clock, all turning uniformly upon the fame centers &
_a, b, c,d, e, &c reprefent alfo t ",,‘-é,,gm; ¢’ peri Rt
times, or rumbers q;ortim le to tbef.;n {Wfat d’i)li'é'?bél;i‘
[fynodscal period q,‘i;Ze whole fyfiem, that is, fuppofing ‘thefe %
bands to flart all togetber from the fame ;5:'11:1&? s, bow
Long will it be before they all come tegether again for the
firft time, wwhether this conjunétion ba in the point Sl
or in_any other part of the circle w ein thefe motions
are performed ? JE. 3 34"
Prob. 8. Let there be three unknown quantities X, y ‘ém} ;
z, whefe relation to each other is expreffed by the"two fol- 7o -
loring equalions,X—-2y—+-32==20, an, 4xX4-cy+6z=47: 4¢ - W
It is required to find the walues of X, y and z inintegrgl = .
and afirmetive numbers. 1337 v B >
Lem. 13. Let a, band cbetbree fixed or determinate whole &
numbers, whereof a and b are prime to each other; and let : i
x and v be any two variable or indeterminate whole num- - S
Eers,wchofe relation to each other is confantly expreffed by the fi PG 2
couation ax==bv=c: F¥bat will be the next whole number ‘
wailues of x and v, whsfe relatien to cach other can be ex- ;
crelied ‘b_'.' the fame equation g 339
. Prob. g- Jt:38 regxired 19 divide 1co into three fuchparts

-
P

[ ]
-
12
.

ayn
213

x, Y ard z, that gx--15y+-202 may make 1 500. 340
s ip be required to divide the number 24 info TR
i x, v oand z, that x-p-Sy—+12z may g

. Prob. 10. L«
f':""l';‘ .r{-:.‘.";:' ! | 3
¢ 2C1. 341

ey -
[feea NS -
»

-
. v
g ooed o

a6, Veob. 11, Susreeone wonnd buy 3o birds, confifting.of par- RO L
rridees, tarss and guails for 93 pence, ;a}'mg_zbreejmce e
c iece for gartridges, Daificive duece Jor larks, and four
perce G iece for quasls s dbe gucftion is, Hrw many mzjl

2 - ..’ 5,-‘-&'..;\ ['_i:-"f? S ’ 34.3
<3=. Prob. 12, Suppofe o swould buy 20 birds for 20 pence, to :
' Qurl, ucRs & LWopEnse agiece, partridzes at balfpence aprece, &
G geeje ar threepence aprece How, many muft be bave ; 5%
B8 55 4 : X

S
ety perfins confiffing of men, women and chil- o

e each ford?
A - 'y oA
~18. Prob. 13. ¥ . : : nd cl
: Te g coliation paid 20 fiilings, toe men payin? Sfour ; )
Shillings SRR, -

Tan

dor,e -
s.-'h:: .



' dren fourpence apiece : How man
v220. Prob. 15. It #s reguired to divide the'

LD 1
- P: i rgprenttaan
three =

Juck integral parts x, y and 2, that 2X+0y+-T'5z may

_ A general problem.” 5% T
221. Prob. 16. To find, if poffible, three mumbers, all integral and. .. e
ﬁfrmati::e, wkofe fum is not only given, but alfo the Jum.of ___‘,m

their produfis when multiplied by three given multiplicators. 350 - .
Examples, > Lo JB522 BN

Of the Magic Square. . - LT
. - Gis'®

222. Prob. 17. Let any odd fauare mumber as 49 be fr@oﬁi, whofe ;
fquer ¢ root i 73 :mAt any [quare figure be divided into 49 ‘it 113

leffer fquare cells, to wwit, into Jeven ranks of cells, and every ' .

rank into feven cells : Tt 15 required to diffrsbute among. thefe . i
cells all the natural numbers from ome to 49 mnclufvely, fo that 13 ¥
the fumof allthe numbers in every row, swhether taken borizon- e !
tally, perpendiculerks or diagonally, may be the fame; which
Sigure thus confirucied is commonky called a Magic Square. 354

BOOK VL -
Of fuch problems as ufually pafs under the name of Dio-
phantine problems.
3- Of Diophantus and bis writings. : 55 36
s. Lemma. If all the three JSodes of @ right-angled triangle be in-
cregfed or diminsfbed in the Jame proportion, there will be
Sirmed ansther right-angled triangle fimilar to the former. 36 s

223. Prob. 1. It is reguired to divide a fnw:  fquare number into two
Juch ports, tkat md:(n:rt may

e a [quare. number, 366
226. Prob. 2. Ir 4 required to divide any fauare number confifting :
of tus fpuare numbers into tre other Square numbers. - " 364
27. Prob. 3. To frd feur right-angled triongles exgrefled in wokole
rumbers, sobich bave gl the Jame bypotenufe. 374 -
228. Lemma. Ir cxery right-angled triangle, if the double produs

of the legs be eitber added to or Jubtralied from the ‘4'9:1411 of

the Bvpeterufe, both ehe Jurm and remainder will be fpuare
rembers, S L Pt

229,



229. Prob. 4. To ﬁzd

231. Prob. 6. To find two numbers whofe fferm’jh-.,' 4
number, given, L Wie80

232. Lemma. Ifaandb 6eam'twogmntrt‘1e: cabereofaa s grea-
ter than b; I fay then, that a muf? éegreata- than +/b
ij.ftbﬂn—\/b 383 ," :

233. Prob. 7. o find a"number, which bein fmralb- added 5 two ",.""’
given numbers, will make them htbfqmr % Mibid S

. Prob. 8. 7o ﬁ'zd @ number, which being divided into any two R
parts whatever, the _@zmre of either part, togéther witha #‘ T
bundred times the other part [ball make a fquare mumber. 386 "

. Prob. 9. To find 500 numbers fuch, that the fquare of each
Mng added 1o the Jam of them both may ‘make a fguare .
number. 387

. Prob. 10. T2 find tz00 numbers fuch, that if their fum be ei- - < _
ther added to or fubtralied from the produ? of thesr multipli- . . i AR 0y
cation, both the fum end the remainder fFall be fquare num- Ry ” Y ‘.‘};;';‘;'
0.&7'5. 88 . ; ."l e

=_Prob vi: o find three numbers fuch, that not only the fum3 5

of all three, but alfi the firms of every tawo of them be fquare » S
niumeers, 389 L A
S. Prob. 12, To find three numbers fuch, tbdr if to the produ& S
of every two of them a given number be add. .J the fums may B ;
oc all jauars r.m.lru.‘ . 390 v, S

39. Prob. 13. T2 fnd four rum “('.f/':f" that if an wnit or any

otier [pucre mumber be ai 10ed 15 the prodult '/ every two of
tica, the / ')., m.ay be olf juares. 396 L

Prob., T5 fund )‘.. o numbers Sfuch, that if 2o the prodult of e NG S Y

every 2505 of 2een any given number os ¢ be ade the fums' :

A "o( il fjuare numbers. 398

e ald

2+0. Prob. 13, It is !“;(ll‘:u to find threz numbers ﬁ.lcb that the el

L]

l.,‘

i Aroildi? ,f every ws of them 97etber 'w'!b.t t:m(: tbarflm Fary ..T"f.'

e
ey 1maRe & fFuare number. 399 et

241. Prob. 15. T5 find three numbers Such, tbat if 9 the produl? e
of e n tuo of them be added ¥ tim:s the third, the fums b et

shence grifing fhall be oll juores. 24:3 el
o il o )



z4z. Prob, 16.- To Mymm&r}
being feverally added fo the produtt of th¥ir multipi

:2be three numbers thence arifing fball be all. fguares: ¥
243: Brob. 17. To find two mumbers fuch, that if 1o the fqu areig
. the firft number and to it’s fide the fecond be 2dded,There fbail
arife the fquare of a third number and if’s fide. '

‘vx
o

/ Ve
244. Prob. 18. To find trwo numbers fuch, that i 1o the fitare of

e e A R S

the firft and it's fude, the fecond be feverally added, there

arife two numbers, whereof the firft is the fide of the fecond
being a [quare. ) RN, (o}

2 ) ; -4
245. Prob. 19. To find trwo numbers fuck, that the fquare of the firft
*"" being added 1o the Jfecond may be equal to the fquare of the fe-

cond when added to the firfs. 409

246. Prob. 20. To find two numbers £Cb’ that not only each num

<

ber, but alfs their fum and their difference, being increafed d{‘& o

by umnty, be all fguares. 410

247. Prob. 21, %d tbree numbers fuch, that if to. the fauare of
cach be added the fum of the other tewo, the numbers thence

arifing fball be all fquares. 411

248, 249. Two Lemmas,

250. Prob. 22. To find three numbers fuch, that the excefs of the:

greatef) above the middle number fhall be to the excefs of the

middie mumter alove the leaff in a given ratio, fupﬁojé as 3

10 1; and moreover that the fum of every tawo of thefé num-

bers fball be a fquare.

251. A Lemmatical problem. 77 Z/:”d two [quare numbers with a
wen difference, and fuch, that the leffer of them fhall be giea-

ter than any alfigned number. - 420

52. Prob. 23. A?]”% jmj three numbers in continual p?ort—ian, and

Juch, thet ccch with a certain given nuniber added to st fhall

bz a fguare. :

253+ Lemma. (Sec Plate i. fig. 1.) JFABC ée a plain triangle,
sckofe twco fides AB and BC comprebend betzveen them an an-
gle of 120 degrees, and aregiven ; I fay then that the [quare
of the third fide AC may be bad by adding “the reélangle or
| preduld of the towo fides AB and BC to the fum of their
Jquares,  But if ADC be a plain triangle whereof the tws
Sides AD and DC comprebend betaween them an angle of 60
.degrees; 1 fay then that the fquare of the third fide AC may
be bad by fubtraling the reflangle or produét of the two

JSides AD and DC from the fum of their fquares. 423

Sare

Rosi % '

: ” ": sl :. ;.'r
8 e ;)}’*
3 gt y .IJ

414

¥ *ﬂ"
e
IR

ke

415

421



. G

'y ) : ,'

= s ’
o | 'I'bc co'N'rﬁN"rg{ ,
2 angle. t‘z
.255. Prob 25. % wéb’cmg

Iexbavd?gdlltbe ame area. e N

256. ?rob 26. To find ¢ mém'ﬁcb mm%f
&addedtoorfubtra&dﬁvmtbeﬁibefe&rﬁf‘p scularty
number, the numbers thence [Ball be

257. Prob 27 Tj{:”dtbﬂe mmunier:_ﬁzcb tbattb?j?n’fg" i
fuwo o

29
258. Prob z8 manbersfucb that the fum o f4 9 e
.'bexrfgumjbdlkaﬁa gua-ember % - ‘43!"‘:;:}
259. Prob. 2g. One buys in two forts of wines, a better fort attbc
rate of 8 1. per bogsbead, arzdawor_'/éattberateqfs, :
price of the wbhole amounted to a [quare mumber of ' S
which oith 60 added made another fquare rumber, wbo_/eﬁde Wb
oas the number of bogsbeads o htb orts put tog etber, 1 de- g
mand kow many bogsbeads ke bought n g/' each _/'ort and what )
be paid for tbm 432 S
260. Prob. 30. To find a monber <which being favcm”j multiplied -
by 8 and 18, and g bemgaddedtotbefmerpmdu&and LS
Jubtra&led from the latter, both the _/am and remainder fhall T
be [quare musbers. 436 oy 4 %

BOOK VIL Or PrRoPORTION.

261. Of the neceffity of refumirg the doirine of proportion, and re- P ., -' ’
mo'vm'r Jome difficulties which _/?rm to attmd it as delivered PRERARCE)" "

Z‘

J
1
=

in the Elements. - 437 B gles
. A indication of the fifth definition of the fifth book of Eu- ol 51
did's Elements. : 439 . . R
. Of the feventh definition if the fifth book of Eucid. - 446
. A quefisen arifing cut of the foregoing article, : ibid.
, &c. Thke fifth book of Euchd s Elements. ~ 448

"
(=]
l)

NN
>N On
'J| 4- (P8

Of the Compofition and Refolution of ratios.

. Def. 1. In comparing ratios, that ratso is Jfaid’ fo be greater
than, equal to, or 1[:'/3 thar ano:&r whofe antecedent bath a
greater, or an equal, or a lefs pm;»crtum 24 its confequent, than
the other's antecedent batb fo it's confequent. 467

293. Def. 2. In a feries of quantities of any Rind whatever increa- |

fing ord 'crmﬁnq from the firfl to the laft, the ratio of the ex- 1Y

tremis s faid to be compounded of all the intermediate ratios. 469 s

LR 3 2 9 4, e el ; {
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. The CONJI‘EN'&&
394.De£3 Aobma_ﬁmu&'gxdd 0 @
parts, the whole kne 35 faid 0. b e

- of thefe part. :asuW
{;ew/;ok :sm

arzamtber " and con m ecomiwr‘ﬁxﬁ“ 2t ﬁ-’“;
differently repre, the rato of the exmwﬁ:d Talatss s
tobefucbam]hﬂeo tbucommraho astsw A
the mumber of ratios from one extreme to the other. =~ 470"
295. Of the addition of ratios. : 471
296.- Of the fubtraion of ratios. P s : 474 " -
297. Of the multsplication and divifion of ratios. A7 S S

298. Another way of multiplying and dividing fmall ratzo: that 1s;

whofe terms are lorge in comparifon of their drferm 476

299. Def. 4. If towo variable quantities JRkoﬁcbana- :
ture, that R cannot be mma[ d or diminifbed in any -
tion, but Q\mﬁ neceffarily be increafed or dmmu in the

Jame propertion ; as if R cannot be cbenged into any other
value t, but Q muf? alfo be changed into fome other value q,
and fo cbanged that Q_jEall akways be to q in the fame pro-
portion that R istor; tkenis Q_[aid to be as R diredtly,
or fimpl as R. - 479
Corollaries. ibid.

300. Def. . If two variable quantities CLand R be of fuch a na-
ture, that R cannst be increafed in any proportion whatever,
but Qmuﬂ neceffariky be diminifbed in a controry proportion,
or that R cannst be diminifbed in any proportion whatever, .
but Q_muft rzaﬂ.nl\ be increafed in a confrary proportion
i ¢ werd, if R cammot be changed in the pmpfrrzar of Do
E, but O\rmg/.J neceffarsly be changed in tée proportion of E

to D then is Q faid ro e as R smverfely or reciprocally. 48t
Corollaries. 482

. Def. 6. If any ..a:‘ Ly (.J depends upon feveral others as
R, S, T, V, X, oli indeperdent of sne another, fi that an
6rie oj thems rrm be changed fingh switbout gé’cﬂmg the refi ;
end if nore of the gz.anr:t:zs R, S, T can be changed fingh,
but Qr.:/ be ckanged in the _/amt Lftpartzon nor argr of the
ouantities V', X, but Qumuff be changed in-a contrary pro-
portion; then s Q faid to be asR and S and T dircélly,
und as V and X reciprocally or imverfély, 483
.B. I (L[v as R and S and T direltly, without any reci-
procals, then it is faid to be as R and S and T conjun-

&tum, m. *’

A

484

302.
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¥ The CONTENTS §
o2, A Theorem, If%aRmdSméT d‘:re&b axfa'
aitd X reciprocally ; amiftjm s R, S,15V
be chan dmtar,,s,t v, X, Mq,%If g a4
tbaz‘tberatmqf to Ilhtgmltvtbtex_aji_'q?. b
dxre&ralxartekmtoef dooeaﬂtbemiprﬁf s taken
together : a:gftbemtzosg'Rtar of S'to s;and of Titot. '

(wbich I call diresF ratios) when added tfogethér make the .. .
ratio.of A to B; and sf the ratios of V toiv, andof X fox e
(which I call reciprocal ratios) when added fogether make -
the ratio of C to D; I fay then that the ratio qf to q will

s e egmzl to the excgﬁ 0 tbe ratio of A to B above ¢ ratxo g

of C to D, : ibid,
Corollaries. - 483
23. Examples.to illufirate the foregoing theorem, swhere direét ra-
tios are only concerned. 486
>4. Other examples, wkerein dire& and reciprocal ratios are mixt ‘
together. 490

. Another way of treating the examples in the two laft articles, 494

BOOK VII. PART L

The application of Algebra to plain Ge&metry. B

>6. Reguifites for applying Aigebra to Gesmetry : and bow nume-
ral expreffions of gametrﬁ‘al magnitudes are to be underfi feed. 496
»7. Prob. 1. It is required, baving given 2 ernd b the tuo I 5; of

a right-angled triangle, ub(re'c_/ a fs the greater, to find it's
anotmu/? without ¢ 47!b of the firft Element. . 497
S. Prob. 2 . To find the area of a tria nﬂl' swhofe three fides are
given in numbers. 498
Examples. 500
9. A Lemmatical problem. Tz find in ratimnal r.ru'm[‘:r: t0
right-angled triangls, lm:rg- one leg the fame tn bo 501
s. Prob. 3 To find as many c&lzqur-u:gfad triangles as awe f/(q/?
i lf/e ides and arecs are all n/*r{//'b/( by rational mumbers. 502
1. Prob.d. h.::mq gnm the three /u.<: ¢f amv triangle in num-
bersy to find the femidiameter of an injir: ibed circle. ibid.
"Corolhrb : S
2. Prob. ;. Havuin given the three [fides of any triangle in numi-. "~
bers, ro find the dmw!(r of a circum cr:onrr circle. 504

L,J

A Lemma, Ifina trmrgl( a line be drawn from any aigle

to the oppofite baje, st sl diccide all lines parallel to the bafé
i the Jame proportion as it divides the bafe stfelf. 503
L e 2 2 3 x4‘
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14< Prob. 6. To_find the cmter dﬁr mgles, 14
W bt i q;a;ﬁ’fd:ﬂ mb% iamgloas
gf«pmmwm:_:ww g
ﬁgmN&emaqtlﬂx e

: b o
¥ ~Prob o+ It is required, Bovin given the cBCgf ytrie
aie mgle tvgt!‘btr with the aﬁftmt angle:gymdc, toﬁld:t’r"
cular altitude. 506
316. Prob. 8, (Fig. 10.) - Let ACDB, AEFB and AGHB -be
three given right-angled aﬂdograw, all fituate upon the
Jfame bafe AB, and all the fame way, fuppofng the.reiangle
AGHB 10 be the greateft, and the regtmgb ACDB 10 be
the legft = It is required to draw the line KLMN parallel to
AG or BH, cutting the lines GH in K, EF in L;
CD in M, and AB in N ; Jo that tZ/{im qftbe re&angl:s
AKardeM 2{ baal;:tbea”ﬂ:; reétangle AF. - - 507
317. Prob. 9. In a triangle w afe and perpendicular are given,
*"" toinferibe a_right-angled parallelegram <whofe bafe frall be 3
part of, or mmndmf with the bafe of the triangle, and whofe : ;
v0 contiguous fides fball beto each otber ina givenratic. 509
318. Prob 10. (Fxg 13.) Let AB and CD be two turrets, 471115
BD & korizontal line paffing from the fost of ome.to the foot of
the other : It is n xrtf baving given in numbers the
beights and banmn'al dt/?cmc: of tlv 2 two turrets, to find g
place as E in the line BD, upon <cbich tke foot qf a ladder
being Jixed, the ladder may equally ferve fo reach the top o
each t.:rre. 3 or (which amounts 1o t ame thing) let 1t be
reguired. to f.rd a pont as E in the line BD jrom whence:
the lines EA ard EC being drewn, fRall be (gual ¢ne to

tlhe ctler.
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319. Prcb. 1. ]: 1y r(g.ura la""'fg given in rumbers the radiuns 9/5 o

eny cl rcl a 16y (’Zer awith the fungent g/ ary arc fl‘rr(oj that 15 .
I2i5 2kan Ld[[ a quadrent, 10 find the trrgmt of tawice that arc. 16

Tz ': are fue fq_/ﬁ‘g(s ,.'ar: uhrnat:on e r(gafx./n fo 'zcz{

tlrougl natbing, ard .brwgb infinity. © . §1Q
320. Prob. 12. Do divide a given Line into twao /f(cbpan 5y that the
T s reSongle :.{rr(cj may be egual, if pofiible, to a given fquare.. 525

321. Prob. 13. 7o dizu ez given line into t4c0 _/ucb parts, that the
fum of their /?m.r(s MGy ;vcg ualto ¢ given [quare. 526
322. Prob. 14.70 dizs. ’r a given line in extreme and mean prcporl:on 528 5
323. Pru‘\ 15. To ,.;. t’ ree lines tn centinual pPref rortion, ba'wng _ .
gEven 632d ."ur/.w and ¢ bz_/z": of.‘:..r Jzueares. 529
q24. Pr b, 1€ o T3 find four Enes in continusl proporiion, whereof

foth
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“. . both the fum of the extremes and the fum of the m

.~  aregiven. - YR e TR

325. A Lemina. Ir every redilinear figure, all the angles taken to— <.
gether art equal - fo twice as many right ones, except fou

ot I ¢

as the g '8 bas s, - ) Rt ;"-_"'.‘:..’..'_7' ‘“h
326. Prob, 117;% a g:'(-eo&;n Jquare to inferibe a leffer ﬁmﬁ’gf as':s'%*f' .“
givenarea. ek Caabad :”- g
327. Prob. 18. It is required, baving given the difference between . Raite e
the bypotenufe of a right-angled triangle and each leg fepa- R
rateb, Mﬂd the triangle. b 5 i Faat o

534

328. A Lemma. If “four lines A, B, C, D & proportionable, “and ShE - '

four others E, F, G, H be alfp proportionable, fo that A is - B

to Bas Cis 10 D, deIéEi:toFasGisto'H;Iay g

then that the reGangle will be to the reftangle BF as

the reiangle CG is to the reffangle DH. c g ke R
329. Prob. 19. It s required, baving given the Expotenufe of a K

right-angled triangle, cnd it's ares, to find the triangle. 536
330. A Lemma. If four quentitiesA, B, C and D are proportionable,

farbatAi:toBasCisraD; I fay then that as A-+B R el
is to A, fo is C+D 10 C. : 539 NS
331. ALemma. (Fig. 26, 27.) If ABC b¢ a triangle whofé bafe is : e |
AB, and whofe werticel angle C is equal to any, given acute ) 1 - ‘
angle DEF, or to 3£’ complement to two right omes; and if Qs |

from any point as D in the line ED be drawn DF perpendi-
culer to EF 5 I fay then, that as DE s 2o EF, o wrll 2ACB,
the double reclangle under the legs of the propofed triangle, be
5 AC-BC'—AB:, ¢r to AB—AC—BC, the diffe-
rence between the fquare of the bafe and the fum of the [quares
of the kegs: the former cafe bappens coben the '::.»"rrim] angle . e/
ACB ‘s cqual to the acute angle DEF, aud the latter-bappens ‘ e
coten the wertical engle ACB fs equal to the complement of : - P
the angle DEF fo tie right cnes. ibid, g ' s
I jav Liewife e converfo, that if DEF J¢ amy acute : :
augle sckatever, where DF is perpendiculer to EF, and it
DE é¢ 20 EF as 2ACBus 20 AC'4+BC—AB, or 10 AB*
— AC'—BC; then the wertical angle ACB il be-equal

* o the engle DEF in tic former caje, or to if's complement to.
soco right eresin the latier. B

> 540 e
32. Prob. zo. I reguired, baving given the bafe, the fum of the :

3
: B I o ha hal? it anv irs, :
legs, and the angle oppafite 1o10¢ bafe in any triangle,. to find %
the irigngle. ibid. - S
333~ ' B
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3. Prob\ 21. Iisrequired, brving given tuw
ks fbgdber ‘U{‘f‘b.;t'{’_a’rm, to ﬁlde‘?:? o
334. A Lemma. Jf froor tan groen points A

ned beyond the points C and D e

- but at an infnite diffanve’; 1 fay tber;, that amy o
3 1y .

Jors G T

as AC and BD of thefe infinite lines, ought 2o b tiken {1 v A
purdl;lx,tbatigtbgwﬂ;g'nx all the ey of parallel -
fines, fo far as thofe properties canbe fed im frste terms. 545 o, -

335- Prob. 22. 7o divide a given triangle sm 7 2 a .- Vs
kne paffing through & given point &0 -

. v 546 ki
336. A difeourfe concerning infinites of both kinds, (that is, quanti- ;
- ties infinitely great % snfinitely fmall) on occafon of the .
Joregung problem, ~ | 554 T
Of Geometrical Places. .- = =~ **
337. Dehinitions. (Fig. 39, 40.) Let APB be 2 line given in :
7 Sitson, and let PgM an i,?fdetemrinate line making any gz't,;:-n RN
angle APM «oith the line AP : let this indeterminate line e
PMée ed to move along the line ABin a pofition always : '
paralldf ??f/_/-é_lf, Jo that aIIgtbe PMs may &ﬁ{fxﬂd to :;)z'e
arother 5 and at the [ome time that the'line PM is carried
along the line AB, Iet the point M be :g& Juppofed to move
along the line PM, f6 as by this e motion to defcribe
Seme fireight or curve line : lafiky, let there be a conflant re-
lation betsveen the lines AP and PM, and let this relation
be expreffed by an equaticn imvokving thofe lines, or any po-
wers of them multiplied or divided by known quantities * then
i35 the firesght or curve line deferibed by the point M Jaid to
be the locus of that equation ; the indeterminate line PM i
called the ordinate, and the indeterminate line AP, compre-
bended betaween P, the foot of the ordinate, and the point A,
scbich is fuppofed o be a fixed point, is called the abjesfe of the
¢rdinate PM. Ry 561
338. A Lemma. (Fig.41.) Suppofing all things as in the laf article, let
the angle APM be chrays a right one, let P, qandr be given
lines, and let the relation betsceen and y be expreffed by tbz':
CGHALICT, XX=m2 DX y—2qy-4+qq=rr. Upon the
Iine AP (;'ra!uczs if rzfme);and _fqrim A towards I{’;;’Et off
AB equal 2o p, and perpendicular to it dravo BC equal to q,
en the fome fide of AB «with the line PM: I fay then that
*ke locus of the foregoing equation Xx—2px—+ PPH+yy—2qy -
~++qq.
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340. A Lemma. If in a right-angled tri.
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. Van Ceulen’s mumbers expreffing the arcumﬁrmce of a circle
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+qq=rr il Be Iﬁtan*l:@"" ence 0 "'&\“:' x
'tox:CmdwbjE~md!usur. : 2 L
Ptob zﬂi (F'g'44)7t:: rqmre)rhwn“ X 20
‘B, to_find a third, a:M,l‘wb the lines A

BM 6emg &mﬂuﬂhmamra&o #"?'Q:E B
, “BOOK VI PART/I VHi
Prifms, Cyhnders, Pyramids; Cones and S pheres.

- a-(

v Ieontgftbeaadem—
ees, or a third part of a right one tbeoppg‘ite
/id:mll&:tqmltobaftbe 5 =

fenufe.
. A Lemma. (Fig. 409, 50) L(tABébearx bt-ang
angle, right-angled at B fimilar

oA

gt:beg,o

and the otber to be inferibed in it, I(t the angle BAC 6e
equalto bal _/ the anglt aft the center _ﬁz&tended by a fde of ei-
ther polygon : 1 [ay then that AB will be 1o BC as the diame-

ter of the circle s to the  fide of the circumferibed pobjgon; and

that AC will be to BC as the diameter of the circleis to the -
Sfide of the inferibed pohigen.
A Theorem. Tke circumference of cvery circle is fomewbat
more than three diameters,

cumference will be fomewchat lefs than 38 . and fomewhat grea-
ter than 3. S
Tke moft compendious way of cbtaining the numbers in the laft

article.

':rb)e diameter is 1.

4
Wby the circle cannst &¢ fquared geometrically. g; _,
Cﬂrc:’.r"n; drmu: from are. 343. . 576
Prob. 1. T2 find 2the proportion beitsoeen the diameter gf any

c.rcle ‘,m! .'1( /n.:' of an :a'ml _/y:mre 577
Prob. 2. To fi d the /:'rm tamcter of a circle that will, compre-

bend arithim if's cir .mJ‘rrn':( the gua.':{:!y gf an acre qf

land., 57
Prob. 3. Let a firing r/ a given length be J{'@cﬁd int‘o the

jfr-n ._f a circle: It is reguired to find the area of this

circle. ibid.
Prob. 4. It is requzred to divide ¢ geven circle into any num-

ber of equal parts by means of concentric circles dra':wz with-

in it . 576

3352

"and
equtlateral lfobgom one 1o 6: arcum J abauf a circle,

ibid,

570
2, A Thcorcm If the diameter of a circle be called 1, the cir- !

571
573

e
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The' C ONTEN,
452. Prob. 5 Wbol‘:;rmk:atw
ta}za er compafs bead. than,w
ﬂ'z #s, -bow much Iaj&}? R G,

qffk&aﬁgfathadvcbloeﬂe?toﬁ?:g o

954 Prob 7 To meafere a_frufium of @ cone; %
altxtudeaudtbrd:mfmgftbetwbaﬁsa'?gm
355- A Lemma. s -;582‘
356. A Lemma. . 532. ey }‘f :
357- A Theorem. Al ifofceles cones qfegud bexgbt: are as tbm* i
dz'x, that is, the folid content of any mgﬁbléeles cone is fo
folid content of anyotberququdbexg as the bafe of )
the ormn-mnn:totbebaj?qftbelata'. ibid; AR
358. A Theorem. Every ifofeeles pyramid is equal to an yﬁ[c&: Sy
cone of an equal bafe-and beight. : 585 i
59. A Lemma, If from the center of any cube fireight lines 6: F L O
smagined o be drawn to all it's mgle:, the cube will by this Fau !
means be diftinguifbed into as many equal ifofceles pyramids
as it bas _/des, to wcit fix, whofe bafes will be in the fides of .
the cube, ard wkofe common vertex will be in the center, 586
360. A Theorem. Exery ifofceles pyramid or cone is a third part of
an ifofeecles prifm or cylinder baving an equal baje, and an e- ;
qual perpendicular beight. §82
361. A Lemma. If & pyramid of any kind be cut by a h’zepa
rallel to 1ts ba_/? the quantity g/' the j?&:on, or (which is all’
ome) the quantity of the bafe of the pyramid cut off,-will al-
acays be the fame, let the figure of the pyramid be what it
will, fo long as the bafe and papmdmdar altitude of the
<obole pyramid, and the jm?mdxcu]ar altitude of the ;p'ra-.
mid cut off continue the fame: in which cafe, the
cular diffance of the plane of the feétion from the plane of tbe
bafe wwill 2lfo be the fame. 88—~
. A Theporem. If a prifm or &linder m/ any “nd be deferibe )
by the motion of a plain figure, aft uniformiy in a bori-
zontal pofition to any given beight, fbe qammty of the folid
thus generated will be the fa am: whether the defersbing plain
afcends direilly or obljquely to !be ame beight ; an con_/?.-
uently all pnfm: and cyi nders of ‘wbat hnd Joever, that
zﬁ v equal bafes and equal perpendicular bagbts, are equal,
swhether they fland upon tbofe bafes erelt or reclining. 589
163. A Theorem, Al pyramids and cones of what kind foever tlutbm_ .
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- 364. ALcmma. Fxg 60) Let ABCD&J'. ” 2 f’ﬂ;‘a;
AD and @ is AC; and upon the cénter Ajand
- " aoith the ra usAB J:ﬁnk the' quadront or quarterefia
" dircle BAD; drm-a_lﬁ.tbe'lxm FGHYo “BGEHaeny
" ahere within the [quare, to the bafe AD) cutting
the fide AB in E, tbe BD:_nF;;'Ee :
(zaazbdetbe S’Bm H, and join’ <
that the [quare of EF the fguare of EG put together
‘:mllnkoa;'@sbe egu']:Ito tbefgmrefgo}EHf M ot 3
365. A Theorem. Every fpbere 1s two thirds of a aram:j'mbmg ;
oylinder, that is, a cylinder that will juff contain it. ,ibﬂ.
366. AThcortm Euery fphere is equal to a cone or pyramid, whofz

bafe is the fwface of the Phere, and 'wbo_jé pcrpmaxcular altx- it

tude is sts femidiameter, 59T iy, 58
367. A Theorem. The furface of cvery [phere is equal to ﬂur great B o
circles of the fame [here. 502" A ¥ e
368. Corollaries. £03 . .
369. Prob. 1. To find fonw many acres the furjbce of the whole iy
carth contasns. £92 gt H
370. Prob. 2. What muff be the diameter of @ concave fphere that ~ - . 4
<vill guff bold an Englifh gallon? 5§95 . ‘

271. Prob, 3. ‘T o find the weight of a globeof water of an inch dia-
meser schen sceighed in air, upon a_fuppofition that a cubic
Jost of commen rain-ater awhen < weighed in air at a middle -
lagl,. of the barometer, sweighs juft 76 pounds Troy. abid.”
. Prob. 4. To find tke diameter of a globe by wes bmg it firfl sn
air, arzd then in water, <without any regard to 1t's <oeight - | o,
in vacuo. . 596

Of the Sphcroxd

. Def. Ira /ﬁun be refelocd into an uy:mt. > nuenber qf' uyfm!c/y
thin n:’ sndric lamine, and then thefe l.mun:r, retaining thetr
cireulsr - figure, be all increafed or all dimimifbed in the: fame
propertion, they seill conflitute a figure called a Spheroid s and

2 13 faid to be prolate or oblong, according as thefe conflituent

. hmm:!: are increafed or d:m:mj/vd 598

Corol. 1. Exery fhersid is to a [phere upon the _/bme axis, as
an ene amina in the Jormer is to a like lamina in the latter

from wwhence it is derived; or as any number gf lamina: 7
‘ehe former 55 to the fame number of the like lamnina fn the lat- -
rery 0t i5y as any portion of the former comprebended betwcen

-v *pw [‘; oy
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taw0 parallel planes pérpendicular to i8's axis isito'a ke por- Pk
tion of the Latter.” . " % . Liiio Lo Sibid
- Corol. 2. Every fba;md as well as every fphere, is two thirdst8 1
|  of @ circumfersbing eylinder. 1 TC o o i
374 A Lemma. Tke chord of any circular arc.is & mean propors i1

tional between the verfed fine of that.arc and the dizmeter. hid. v
375- Prob. 5. 7o find the folid content of a Mﬁ*gfﬂb’em%-g% G

or. bemifpbervid comprebended between a great circle
dicular to if’s axis and any other leffer circle parallel to i, ba-

- wing thefe twooppofite bafes and the besght of the fruffum given. 599.

376. Prob. 6. To find the convex furface of any fegment.of a fphere. * -
whofe bafe and height are given. - 6oo
577~ Prob. 7. To find the folid content of a cafk, when it is a portion
of a fphere or [pheroid, terminated at each end by two equal
and parallel circles at right angles with it’s axis, having gi-
wen the diameter at the bead, the diameter at the

’

and the length of the effel, 6oz
BOOK IX. PAR T I

378. Of powers and their indexes. _ 603
379. Obfervations. ~ Coq
380, 381. Of Newton's theorem for the evolution of.a binomial, or

rather the powers of ¢ binomial, into [eriefes finite or infinste,

as the nature of fuch power will admst. 606
382. Examples to the Joregoing theorem. ' 608
383. I any power of a binomial be to be multiplied by any given

number as n, this may be effefled two ways ; to wit, either

by multiplying every term svkereof that power confifis by n,

cr elfe by multiphing enly the firff term, which will always

te knonen, by 0, and then (cclling that produst A) deriving.

¢ il the orber terms from it os before. Gog
V4. By rke belp of this lapf erticle <we imcy exprefs b a fries any

m
given power of awy binomicl <wbatever, as pq, by confi-
dering the binomial p-q as the produt? of tavo Jacters, to
arst, 1+§ and p. ‘ ibid.
393, From ket bas been kere-laid down it may be obferved,
shar ifw, the index of the power to which the binomial
14X is f0 be raifed, be integral and affirmative, the feries
exbubiting that pocer <cill at lafl break off, and fo confift but
of @ finite number of terms ; otherwife the feries will run on .
ad infnitum, 610

386,

w’o p
#4,
“ .
\
s
-~ )" .'[' -




Of Logarithms, their uf¢, and the beft mcthods of compu | !

“;Vf?, [é':
. : .. k”' i
- 5
’ The corf‘TaE‘N'rs"' »:,,
386, 387. At 1 isthe mdac,y‘tthk}om f
-w:ll k the mdexvf

1+x i
388, 389\4: aﬂpown of a binomial a-bg('e
ive may be obtained'by mizmﬂél'
o al thofe whofe exponents are integral and n
bad by continual divifion.

BOOK IX. PARTIL

Un dlefn » 616
390. The defimitioh of logzmtbms and confectaries dravwn from it.” ibid. .

391. Logaritbms the meafures of ratios. Y ) (
392. Of Briggs's Logarithms. : 620
393. Some aa‘vantagts of this fifiem. : " 6zr
394. 0 find the charalteriftic of Bnggs s logarithm of any rmmber 622
393. Another idea of logarithms. ibid. if A
396. Precautions to be ufed in working by Briggs's logaritkms. 623 . L7
397. How 1o ufe Sherwin's Tables. 624 LB ‘\‘
Of Logarithmotechny, or the conftruction of Logarithms; S B
o And how to make the beft ufe of Viaeg's CamMagna LY Sl
39S. Prop. 1. In the fame fiftern, the r.mrfcmf logarithms of all S el %
numbers gn.JuaIl) approaching towards unity are as the dif- e i
ferences of thofe numbers from unity. 627 SRR -
399. Prop. 2. To find Napeir's Iogar:rbm of any whole number or :
fra&ion whatever, 62 :
400. Prop. 3. Tz compute Napeic's logarithm of 10 &y the belp of - 1507 b
the jaregomz propofitson. 632 SR
sc1. Prop. 4 . To find Briges's logarithm of any whole number or :
g alfion whatever. 033
s02. Prop. 5. To confirué ¢ tadle of Briggs's Iogrr:lb”'.r of all the -
raturad rumbers frem 1 19 10c0C0. - 636 .
323. Prop. 6. To find the naturcl number to any of Napars logari- . . e
T thms given, 6 o
424, 403 Prop. 7. Tofind the logarithm of any nember ot exceed- 4
1ng ten places &y Vlaeq's Canon magnus. b11. ¢ ,
105, Prop S. To fin 1d 25 ten places the abfolute n.m:b:'r 6elongu"r to g
ary Isgaritbm in Viacq's canon magnus.” 645
BOOK IX. PART IIL L h R SR
Of the invention of divifors. 617 PR
. Ts fud the divifers of a_fimple quantity. " 648 O A Hi 3 5.
9";_;'. 2k /f..*.f/ Jivifors of @ compar und quantity, ibid. R R
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4vo. 1be quentities propofed in the laft article will not admsed

s other divifors, fbd?lf Juch as ‘are obtained. bf the

serbod.. Lo WP i SR

409. An-enquiry, whetber a mzmd \quentity, after baving
© divided by Gl it's fimple divifers, mﬂa&;:t{fi:,’?u -

. o of e diocs T T R

410, n explication of themetbod alreddy defossbed. ||

411. If the quantity propofed rifes ot to above three di “and

15 0f a compound divifor-of two, it muft 1y bave:

another divifer of one dimenfion, to. be found by the forego |

+

K }:
! i‘;

ing rule. 654

" An enquiry, whether a compound quantity, which rifes to.above L
three dimtenfions, and bath no divifor qf lefs tba.7/z~t'zbo,,ui11 >
admit of any compound divifor of two dimenfions. ., . ibid.

412. An explication of what bas been delivered in the laft article. 656

413. Hew ta find the t?owzddiw'ﬁrqfaguénfity made out of the -

powers of two different letters, when all it's terms are of the
fame number of dimenfans. ' : _ ibid.
414. The reafon of the foregoing rule w:ll appear upon tryal. . 657

BOOK IX. PARTIV.

Of the Arithmetic of furd quanéides. ibid.

415. Definitions. | : 658
416. To reduce furds of different roots to others of the fame roof.  ibid,

417. Of the addition and jubtration of furd quantitses. 659
418, Of the multiplication and divifion of furd quantities. ibid.
419. To reduce reots from bigher to lowcer denominations. 66o

420. To reduce furds, when pojfible, from bigher to lower terms. 661

r~

421. To free the denominater of a fraltion from all radicality, awhere

—

the fquare or biquadrate root, or both are concerned. . ibid.
322, To extrald the [guare root of any binomial, whofe two parts
wwhken fquared are commenfirable to each ether. : 662
Examples, 3 663
How to preceed, «cken smore radical quantities than ome are
concerned :r: g given trinsmial or quadrinomial fquare. 665

. Lemma, Jfa and b be twco tncommenfurable quantities, but
Jizch whofe fquares a2 and bb are both rational ; I fay then,
réat ab the produfl of their multiplication seill be srrational. 666
A demenfiration of the rule given at the latter end of art. 422. ibid.
$24. Tte amlyhs in art. 422 applied to the refolution of fuch bi-
guadratic equations as fall under the name. and form of qua-

drazics. : - 667
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Ié‘q{bmtbat tbempartsqflbemkw
fmﬁzr&a:tbetwme

na of “ the c
greater part of the ruot, andtbeé}f: gftkwk t‘b |
tklgﬂ'erpm'toftbuwt Andeeverfa. AT 668*s
426. To extraii the third, fifth or feventh root &cd‘a bmomal 28! g
awbefé parts swhen [quared are both mhmal 28 - hid. R
Examples. 4 . H72 L0558
BOUOK: X. PAR T R '

Of equations in general, and their roots. - "6}6 '.
. Definitions. . ibid.

. Exery equatizn Fath as many roots, poffible and lmpoﬂle as

there are dimenfions in the btg:b(ji }m.m' of the unknown
quantity.

i

.
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677
Of the generation of eyua*iom.,

229. To firm an equation that fbcll kave any rzzmber of given
rosts. ibid,
Whenezer an equation may be whelly divided 6)' the fimple power,
o by the fquare, cr the cube of the unknuen quantily wwith- :
out & remainder, it is an infollible argument that one or two "
or three of the reats of fuch an equation are equal to nothing. 678
4+30. I any number of Z tions <chofé parts on one fide are equal to
ro.'bng or the otber, be multiplied together, they will produce

én equation of a fuperior form, wbo/e roots <ctll be the fame -
svsth thesr's,

679 . ieadElE

flmrc -: 13 that :rr:&/‘/xél( rects cre<p info equations g/' all orders f; TS
arnd u(gr(f.t whatever, ibid. B “vr; v ,’0'"'
331, Jf ey equation of a [uperior form be pmpfﬁ‘ , whofe partsom . R s
cre. .‘.: are all equal t5 noth: ing on the ather, and if the quan- : R

tirv wokich in the eguation it Juppofed (q.zal to nothing, can PR

. lr(' refitoed ints more funple jg.élars in all which the un- "L ¢
Anoen guantity 15 mere or lefi concerned, and lafily, y‘tbee ' T
sors be made Cuf.)c?'l(” s rsrivmg, you wwill then bave a fet R

o}‘ equations of an inferior rank, wwl bich all together <oill bave ke ‘ T

the fame roces with -qu ¢f the equation propofed.: but thefé a L
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433. Of the c3 of he terms of equations. < L f‘?s,,
434- tkm&aqfﬁmfnxaﬂnqgmm&mmqmwz
e ¢ 4l the roots are poffible. %

. It often bappens, efecially in geometrical problems, that the mfs
3 Jﬁ(guatmarepo e, and yet the [ to which they res
e may exbibit them xr@oﬁk on account of Eiciatam

or other in the problem which does not enter the equation. 683

436. Of the transformation of equations in frve particulars. 687
437. Anotber transformation of equations, whereby the fecond term of
any equation may be taken away. . 689
A general theorem for taking away the third term of an
equation. 691 g B

BOOK X. PART: IL

Of Cubic and Biquadratic cquations : and firft of
cubic equations. 692

438. If all the roots of a cubic equation be recl, that is, none of ; : : ‘
them impoffble, and if all the parts of jxcb an equation be : - '
placed on one fide according to the dimenfions of the unknowen
quantity, and fo be [uppofe d equal to nothing on the other fide;

I fay .'bm that as often as unlike figns follnw one another in
paffing frsm the firf} term to rl*e laf}, fo many roots of this
equation seill be affirmative, and as ¢ften as Iike figns follow
one another, fo many roots <will be negatizve 1b1d

439. If the fecond term of a cubic equation be taken away, and fo the
equation be reduced to this form, X'==px===q; I Jay then,
that schatever quantities be the rosts of the equation Xiz=
pX=-+q, the fome <cith their figns changed will be the roots
of the eguation X'==pX=—9 ; and vice verfa. - 7693

440. Eviry cxzxc equation may be reduced to this form, to.wit,

X'==32ax=x=+=2aab. 694

44 Pr?amtwn Jor enquiring into the roots of a cubic equation of
tbis form, x*==jaax====2aab. ibid,

+42. Every cubic rq.mtxorx of this form, x’—-—*anx:::z:mb wsll

44
bave all it's roots poffble, provided that b be not greater than
a or kfs than —a, but l res betsecen t.60/e two limits, 693
443. Serzing afide 22 c..jf of the laff article, I fay that in all other

cafés, ¥
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' - cafes, the equation xi==33ax=—=-223b can bave e
- "’“fﬁ”‘; which root will be affirmative or negative aC=%.  I%
“cording as b is_fo, that is; according as + or —2aab.is

f -696 ey
Of the refolution cubic equations. ~ .~ “6gg s
445. To refokve any cubic equation that bath but one pofible root. ibid. -

- -

- cmmd%,n_tbc e;uatxon. : k| SN 4
444. The {:‘mx of the two laff articles, fuppofing.the feveral-c
cubic egations under the form of X*==32ax—c=2aab

reflored to their primitive form Xim=pX=—xtq.

xamples. | “ 702
446, Another way more Jimple and direit. 704"
Examples of this metbod of refolving cubic equations. 705
Extratiion-of the roof of a cubic equation by the belp of O
logarithms. T - 706
447, All cubic equations might be refolved this way, if we could
extrad the cube root of an impoffible binomial. ibid,
44S. The laft cafe of cubic equations confidered, witharule for - find.
ing the roct true in three of it's firft figures at leaft. " 708

449. Definitions. i 710
450. In every quadrilateral figure inferibedin a circle, the reffan-
le under the diagonals is equal to both the reffangles under.
the oppafite fides taken togetber. N
451. A Lemma. (Fig. 61.) Let ABC bean equilateral triangle
inferibed in a circle; and from any ene of it's angles A,
Jet a lineas ADE be drawn, cutting the oppofite jfide BC in
D, and the circle in E 5 and joyn the ckerds BE,CE : I fay
then that cord AE will be egual to the fum of the two chords
BE snd CE put together, _ 712
. A Problem. (Fig. 63, 66.) Lez ABCD be an arc of agrven :
circle wokofe diameier is AF, and let the arc ABbe a third
part of thescbole cre ABCD : I i« required, baving given

the chord of the arc ABD, to find the chord of the arc AB;

1

RN
LR

!
and thet, wwhether the are ABD be iefs than a femscircle as-
in the G5th figure, or greater as in the 66tb. ~-ibid.

A Problem. Allowing the trifediion of a circular arc, it is
Y required to-confirusi o cubic equaticn of this_form, X'—px

here the cube ¢ ij is fuppsfed to be greater (or
2

v

S
4y
L

pot lefs) than the fquare of . 713
454
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'455 AProg;cm To Mm:a)zpr;;;wfxamk&twmmy s
5 8’1’0(’1 mm a"i 7 55 \".’.__‘ WL fe
456." Mr Cotes’s method qf r _/blwng azhc eguahm mﬁJereJ i

- demonfirated. . N T 1718 e \ g,(
457. Another metbod of of ¢ efolus. ic eguatxom wbhich finds a

the three roots at me ’lz Mr. Colfon = with examples. 7206
458,459, 460. Newron’s method of a”ro:aamm applied to the »

refolution of cubic equations, i 722

Of the refolution of biquadratic equations: and ﬁr_-/Z
401, 462, 463. The refolution of a biquadratic equation of this

orm, X—pax’--Qqaaxx--paix-at=o. 728 R
464, 465. A furtber illufiration of the ﬁregomg r{/‘ola!:on by a 15
geometrical problem out of Pappus. 730 o
466, 467. Of the refolution of all forts qf biguadratic equations A7 W
Z ‘the mediation of cubics. 735 s 3
468. Tbe compofition of @ biguadratic equation whofe fecond term : 5
55 wanting. 737 . o "

409. Tbe refolution of a biguadratic equation (according ¥o the : O
- foregoing method) swobofe fecond and fourth terms gre both ' B
wanting. . 738

Tbis article concludes the beok, with a digreffon upon the ex-
cellency of the Matbematical  [eiences above all otbers {)r the
difeovery of truth ; their ufe and neceffty in mechanical
and natural Pb:lg/bfby ; whence the fiudy of them is re-
commended preferably to Metaphyfical difputes and Jub-

tilties, 740 AN

APPENDIX, : !

A Leter from Profeflor Saunderfon 26 Mr Abrzham' de | ;
-Moivre. 743

Mr de Moivre's metbod of nrra&mg the cubic or any otber
rm’ of an i jfaﬁil ¢ binomial, fuch asa--/—b; withan
0

pppcation method to the txtraﬂ:on qf any root out
g‘ any givem power of the faid 6m~'zmal \ : 744
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