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T H E

BuirLpers Complete AsSSISTANT,
OR A

Library of Arts and Sciences, &c.

PART L

Of ARITHME TICK.

Stet. 1. Of the feveral Parts of Arithmetick, and the Notation
or Art of exprefling Numbers by Charaéters, and to read their
Values. _

P What i: Avithmetick ? "
o AL Arithmetick is a Greed Word, and imports an Art or Science, that
teaches the Ules and Properties of Figures, or right Art of numbering.

P. What dath right nambiring confift of 7 .

M. Tedenote any given Quantity wich proper Charallers, and to exprels
them by Wards, whichis called Notation.

P. Hoavamany are the Kinds of Notation ¢ -

M. There are many Kitids of Notation by which Quantity is exprefled, bat
the moft ufual are Literal and Figural.

P. What ix Literal Notation?

M. The exprefing Numbers by Letters, and is therebors called Literal, and
which was aneiently madc Ufe of by the H:breavs or Jeavs, Chaldeant, Syrians,
Arobians, Perfians, and others of the Ealtern Nations. The Greedsalio exprefled
Numbers by divers of their aiphabetical Lettcrs, and initial Capital Leteers of
fome of their numeral Wards, as II 2z, Five, A Azga, Ten, E Ekajiv, an
Hundred, X Xizror, a Thoufand, M Ms'erez, Ten Thoufland.

P. Pray avhar Kind of Letters are afed noav for Notation @

M. Divers of the Raman Capitals, which Method it is very reafonable to be-
lieve the Zatin: fisft took from the Greehs, as is very evident from the initial
Letters of feveral of their numeral Werds, as follows 3 ez The Capital C which
is the initial Letter of Centam, the Latin Werd for 2o Hundred, is nogw ufed of
iifelf to fignify an Huondred.

P. But pray bow is balf an bundred exprefs'd 2

M. By the Capital L.

P. Pray awbyis ba Fan Hm.’d.'-m'(-’:.'praﬁ'::' '."’_v anlL ?

. You muft underitand, that the ancient Form of the Capital C, was thus
written I ; and 23t then (ignificd an Hundred, therefore the Ancients fignified
half a Hundred by one helf Parc of it,as thus 1, which beinglike unto the Ca-
pital L ; thervefore Printerssake the Liberty to denote half a Hendred by that:
Letter, '

B _ P. I




Of NUMERATION.

]‘ f"[)-:»ﬂ' you, Sir; pray procied.
Uwill : The Capital Lecter D, which is the mitial Letter of Decesn {the

I.arm for Ten) was ancientdy ufed by the Latins to dc::mtt. ‘Ten, and one half
thercof, as thus rs, didallo denote five. Now as this half Letter hath more of
the Likenef: of the Capiral V than of any other Capital, ‘herc‘fo ¢ Printers an
athers have wled the V wle:.d of the hali Letter 1) for Five ; and to denote
‘i en, inficad of uling the Capital D, 25 the Avcients did, they join together two
Vs ar their narrow Eads, the oue opright, the other dowungbhu, in manner of
tire Capital L etter X, which now 1s ufed to denote Tex.

Again as Miflis Latin§ L, therefore the Ancients ufed the Capi.

for a “Ihoufa
tal M to. denote a thoufand, as it is now ufed avthis D: ay; and as the ald (,ha-
ratter.of the Capieal M was this g, whofe Right-hand Side being lile unto the
Capital D, therefore Princers, {Fe. denote Five hundyed by the Ldplldl D. Youn
are 2l{o to note, that as this'ancient M @ bad fome Refemblance of the Leteer
1 plac’d between-two C's, of which one is turned the wrong Way, as thus €l
therefore thofe Leters are now ufed by fome to denote a 1houfand, jultead of
the Lewer Pu, and Iy to d C.h{}lt.. Five hundred, intflead of the Letter D
P, Pray by a br.t Charaltor did the Ancionts ufe to denote Oupé
5. Both Greedo and Lamﬂ denoied Opz by one fingle Siroke, as being the na-
turzl and mofk mnpltthamé‘cer of one fingle T hing ; “and therefore One s repre-
fented by the Letzer I. Now from thefe feveral Lhdrdd’.-.rst e followsng Num-
bers are e*puﬂt_d by the Romans or Latins, wiz, T One, Il Two, IIl Thiee,
1V or TI Four, V Five, VI Six, VII Seven, Vill Kiche, 1X Nipe, X' i'en,
XTI Eleven, X1t Fwelve, XV Fifteen, XX Twenty, XXX Thirey, XL Forty,
L Fifty, LX Sixty. LXX Seventy, LXXX Eighty, XC Ninety, C a Hundred,
CC Two Hundred, CCCThree Hundred, CCCC Four Hundred, Dor I, or In
Five Hundred, DC 8ix Hundred, DCC Seven Hundred, M or Clny, or cl3, a
Tnnuﬁ: d, In Five Thoufand, CCIyn Ten Thoufand, I:\;);)Fi:’zy'rhﬂni";nd,
CCInnn an Huondred Thonland, I13n3n Five Hundrec unui'nrd
LCLL[’)'T‘)") a Million, and fo MDCCXXXVII or CIHDTLC \.\\ 11 de-
notes the Date of the Year One tho.l"md Seven bundred and Thi e*;}t.

}) E T fu "ay Sfr, au L)- is D,,?zn' and f‘ fesurn demoted :’J\, .f_l.‘/d';:f,‘i}c' L:‘.‘i,‘,

AL Asthe I, being {et after the X, adds One tothe X and makes it
on the contray, when the I is fet before the X, asinNine, itleflens iss Value
one, and thercfore fionifies but Nine. For the fame Reafon the I placed befare
the V Five, lefiens its Vialne one, and fignikes but Four, The h.ln.. isalioito be
ob h.rvcd of Forty, and Nincty, where the X, being fet before the L Fifty, leflens
is Value Ten, und fignifies but Forty, and being pl.ﬂei bcr'*u‘ the C, a Huon-
dred, leflens {ts Vs alue Ten, and lwfm‘x“a bot I\muy And iz is furthe rto be ¢b-
{erved, that fome ufe 11X for to denote Eight, and XXC to.deuoce Fighty, as
being more concife  The V and L are never repeated, nor ave any of the other
Charadlers repeated more than foar times 5 the I repeaced fou ::;'::.. s, thas TIIE,
figoifics Four, but the Vis Five, not LI, So likewife 4 C's, thus CCCC, i'za
rilies Four Hundred, but Five Hundred is denoted by D or I 7, as aforefaid, and
aot by CCCCC. Now as by this Method the Notation of Numbers by Letters is
very tedicos, the Figural Notation was invented, as being more evpudite.

P. Bhat & Figaral Notatisn:?

M. The Maneer of expreffing Quantities by the Ten Arabick Charallers, wiz
12345067860, w 1.";&, fiznify as follows, wiz. T ane, 2 twa, 3 three, 4 four,
g five, 611\, 7 feven, 8 eight, ¢ nine, o nought, C .ph( orn
P. Pray boww fong mey :f-w Charaitors bavie been ufed in Lni‘]ﬂl d ?

Dr. 1 in s Treatife of Algebra, Page 12, fays, they wers intros
duced akoit the Year One thouland Om: .mu]r :d and T m:\ , which s S1x hun-
dred and Thirty Years fince.

P. Hows many dF 20 Parts is drithmetich dividedinte 2

M. Three; Twe of which aie properly called Natural, and the Third Artificial,

Y. Whai are thofe aobich you call Natural ?

A, The




Of NUMERATION. 3

‘T""f The firh Pare is that Kind of Arithmetick which is called Pudgar, and
whichiis the Do@ttine of whole Numbers, and the mott plain and ealy, becaude
every Unit or One {which is called Iniceer) mf.-rc%fnr; or fignifies ope entire
1 biog or Quantity of fome Kind of Species, as a Nail, Lazh, |
{c':'?ml Pars 15 the Dodtrine of broken Quaniities, or Parts of Wuits or Intebers,
which is called Vulzar Pra@ioms, and wherein the Unit or Enteger is divided lato
a certain Number of evenor uneven Parts.  As for Example, if a Footbe the
given or propofed Unit or Integer, | Le divided into twelve Fnchiess they ene
dnch beconies a Frattion, or twelfth Pare thereof. two [nches ane fixth Part, theee
-Im_I]“cs one foarth Part, four Inches ene third Part thergof, &« This Part’of
Arithmetick may be confidered cither as pure, confilting of fraciional Pacts only,
cach lefs than a Unic; as Quarcers, Halves, 50 or of [ntegers and fradtiona
Pa.rts intermix’d, as one and a half, 1wo and one third Part of ong, {Fe.  The
third Past, which I ¢all dreificial, is alio called Decimal Arithmetick, which
13 an Artificial Method of working Fra®ions or broken Numbers in a much exfier
Manner than that of vulgar Fractions, and which differs very lizzle from valgar
Arithmericic, :

B f"r:;}‘ r;x_-,!.u

isthis artificial Kind sf Avithaetick called Decimel drithmetich ?

M. From the Larin Decem, "Ten, into which every Integer is fuppofed to be
fubdlvi-ﬂ;cd_ and indeed, in many Cafes, every Subdivifion is fubdivided again
o 1o lefler Parts, 5. Suppo’e one Foot in Length be an tuteger or Unit
given, and ler it be divided.into 10 equal Parts; then, we fay, the Lootis de-
cimally divided, and if every tenth Part be decimally divided agam iu the like
M%"‘ﬂfn then the Foot wiil be divided into one hundred Parts, and is then faid
o be centefimally divided,

P. Iund, rftand you, Sir, anddofire v kisws in'the next Place, awhat Ufe is the
Cyplerof, fince that of itfel* it figmifies mothing ?

M. To augment or increafe ocher Figures ; thus if next after the Figuee 1, I
Place an o, as thus 10, they togetaer fignily Ten, and zo fignifies Twenty 30
Fhirty, 40 Forty, €7c. wheraby the Value of every Figure is increaled ten times.
So alfo if to 10 you add anoth r Cypher, as thas 102, it ‘wallincreale the 10
ten times, and together fignify one Hundred, So in like Manner 200 fiznifies
two H“ndled_. 300 three Handred, 400 four Hundred, &c.  And if to 100 yon
add another Cypher, as 1000, it will increafe the 109 ten times, and make it
one Thoufznd

So inlike Manner, zooo fignifies two Thoufand, 3000 three Thouland, 4000
four Thoufard, . Again, ifto (ooo, you add ancther Cypher, asthus to220,
the 1000 will be made ten Thenfand; and in like Manner it a Cypher be added
to 20c0. asthus 20000, they will fignify twenty Thoufand, and 30020 thirty
Thoufaurf, e, i

P Very avedl, Siv, and fuppefe that to 10000 1 add are, taws, or more Cyphers,
awill z;i-c'; alavays increafe the Falue of the Jormer tem tives ¢ :

M. Yes; for if o 100006 you add another Cypher, as thas ; 100,000, the Va-
lue s increafed from ten T'houfand to onc hundred Thoufand ; and fo'in like
Manne‘r, the Addition of anocher Cypher to 100,000, as thus I,000,000, will
increafe :i_lcm into ten hundred Thoufand, which is called a Million.

N‘c“’ 1f you confider the Increafe that has been made by the Additien of the
Cyphers, 1t will be very eafy to read or expref(s the true Value of any Number
of Cyphers, when written, or to write down any given Number propofed. Bt
to ma]l-ie rhl_s mare plain, I will give von a Table of the Increale of Unity by the
Addition of Cyphers, unto one thoafand Millions, as follows.

1 Untd
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oOf NUMERATION. B

fands at 33 whichI exprefs or read, Three Hundred Seventy and one Thoufand
five Hondred twenty and four, and fo in like manner any other Number.

Sccondly, by the Capital Letters HTU, placed under the Figures of every
C{o]umm you are to underfland the repeating of the Denominations of Units,
Tens, and Hundreds of the Units and Thoafands of each Period.

P. Pras, what do you mean by a Period ?

J'lf & Period 1s a2 Quantity exprefled by fix Figures, and are Units, Millions,
Blllllons, Trillions, Quadriilions, Quint:llions, Sextillions, &Fe.  So here, the
Period of Units is the Columns A B, which are three Hundred feventy and
one Thoufand, fire hundred twenty and four Units. The Period of Millions, is
the Columns C D, which are four Hundred forty and twoThoufand, four Hun-
drefi forty and four Millions. The Period of Billions, is the Columns E F,
Which are four Hundred forty and four thoufand, four Hundred and forty four
Billions, and fo the like of Trillions, Quadrillions.

B Pray_, '}vbar do you mean by a Billion, Triilion, &e. ?

2. A Billion is a Million of Millions, a Trillion is a Million of Millions of
Millions, &g, and therefore as you fee that every Column confilts but of three
pl_aces of Figares, wiz. of Units, Tens, and Hundreds, which in general begin
wn{h Hundreds, altho® the Units may be Units, as in Column A, or Thoufands
as in Column B, or Millions as in Column C, &'c. and as every Period con-
tains two Columns, or fix Figures, ‘tis very eafy to read any range of Figures,
that can be propofed, as is evident from the aforefaid, which are thas expreffedin

ords, wiz. three Hundred thirty and three Thoufand, three Hundred and
thirty three Quadrillions; feven Hundred feventy and feven Thoufand, {even
Hundred {eventy and feven Trillions ; four Hundred forty and four Thoufand,
four Hundred forty and four Billions; foar Hundred forty and two Thoufand,
five Hundred forty and four Millions, three hunired feventy and one Thoufand,
five Hundred twenty and four. ;

Butthat you may perfeily underftand how to reckon or numerate any Range
of Figures propofed, and to truly underftand the value of their refpettive Places,
I will therefore give you the following Table.

3a
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6 Of ADDITION.

In this Table, you fee a Demonftration of all that ] have been informing you,
with regard to the Places of Figures, exceeding each other ten times,

P. *Tiswery true, Siv, pray is there any thiny further to be hnozin, velating fo the
Numeration and Expreffon of Figures 2

M. Yes, ‘tis neceffary, and indeed a very ready way, in long Numbers, to
place a Comma before every third Figure, thereby diltinguithing the Units,
Tens, and Huondreds in every Colamn as aforefaid, and the Millions, Billions,
Triliions, &Fe. by one, two, three, &fe. Dowor Points placed anderthem, as is
done in the lowermolt Line of the preceding Table.

LECIT L. OF

Tihat is to be underflood by A4

P. M. To colle, or gather intoone Sum or Total, all fuch Sums or Quan-

tities, as may be given or propofed, which o periormed by the two following
Rules.

Apvirion.

Rrye 1. .
Place all the Numbers given, to be added tagether; {o a5 that each Figure
nay ftand direflly ender thole Figures of the {ame Value, siz. Units under
7orz Units; Tens under Tens; Hundreds under Hondreds, &7, Which be-
540 ingdone, (always) draw a Line under the lowermoft Number, tofeparate
lv: Suppole the Numbers jo12,

1z their Sum whep found. As for Example
9o 540, 12, and 90, were Lo be added together, they mult be placed as in
the Margin.

Always begin to add the given Quantities together, at the Place of Units; add-
inp together all the Figures that ftand in thar Column ; and if their Sum be lefs
than Ten, fet it down underneath the faid Column; and if their Sum be more
than Ten, fecdown only the Qverplos, orodd Figare more than Ten or Tens
and as many "T'ens as are contained in the Column of Units, fo many Ones you
malt carry and add onto the fecond Celumn of 'Uens; adding them, and all the
Fioores that ftand in the Column of Tens together, in the fame Manner as thofe
of the Column of Units were added : and {oin like manuer proceed to the Co-
lumn of Hundreds, Thoufands, &7c. until every Column 1s done ; and placing
the whole Amoant of the laft Column underneals the fame, the Sum anfing from
tholc Additions, will be the total Amount reguired.

Exametz L
To 7543, add 2345 which place asin the Margin.

Pragice. Begn at the Flace of Units, and fay 5 and 3 is 8,

7543 which being lefs than Tez, { t iz underneath that Columun. - Then

2345 proceed to the fecond Column of Tens, and lay 4 and 415 §,

——— which being Jefs than ten, place it alfo underneath that Column.

Sum. 9888 Again, in the third Column of Hundreds fay, 3 avd 5 is 8,

which being alfo lefs than ten, place it alfo anderncach that Co-

Iomn, Lafly, in the Column of Thoulands, iay z and 7 make g, which place

underneath that Column; then will the Produtt be equal to 9828, the true Sum
required.

Examere 1L

To goongeg; add 8888, which place as in the Margin.
Prafice. Beginning at the Column of Units, fay, 8 andg
1909 18 175 Dow, as 7 is 7 more than' 1o, therefore fet the g
$888 underneath, and carry the ten unto the fecond Colymn or
Place of ‘I'ens, ealling it one, and then faying. one that I
and g is 18; then place:the 8§ under the
nd carry the Pen auto the nexx Column of
Hundreds,

oy N3

place of Tens,
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Hundreds, (hecaufe 1o times 10 is one Handred) faying, onethat I carry and 8
159, and g is 18 ; place the 8 under the Colomn of Hundreds, and carry one
for the Ten, to the next Colomn of Thoufands, ( becanfe ro. Hundred is equal
t one Thoufand). Proceed in like manaer, to the Column oftens of T'houlands;.
e, and the trae Sum required, will be 10008887,

Examrre IL
It is required to find the true Sumof 1430, more z

4, more 456, more 78g,
more gr, which placeas inthe Margin.

L3

Begin as before, at the Column of Unlts, faying, g is 10,
and 6 is 16, 4i5 zo. Noweas 2o contains fen vice, and none 1430
Yemains, the ts place a Cypher o, 2354
and carry the twao Ter o Column of Tens, faying, 2 that [ 450
canry; cand g 1511, and v, and § is.24. and '3is 27, and 78g
3 is 30. Now: as 30 cont ten thiree rimes, and nothing remains, gt
therefore under the Column of Tens placean o, and carry 3 to the —
p'ace o Hundreds, faying, three that ) cary, and 7 is vo, and = Sum 3cco

MNew a5 zo cottamns TO twice,

2oe o nnder the Column of Huondreds; and
" Thoufands, fay, two that I carry and 1
ace of Thoufands, the true Sum will

415 14, andz is 16, £
and '.m-.hing remaing, therefor
carrying the two Tens 1o the
make 3, which |
be 30c0, asreguired,
i underfiand
Tens foravord a
Proceed any fur:
M, 1 wall w

up ey Column by atfelfs and to carry the
ety and can vequired.  But bsfove you

P _fr;:)w.‘ any 6:‘:;
fray d minfirate the Reafin th réof'?
the Jaft Example, as fulloweth.

Add together each fingle Colummof Figuresby | 114130
itfelf, as it there were no cther Columns of Figures zi3la
to be added, and underneath each Colomn place 4k G4 6
the Prodad. 71840
Thus the Produét of the firft Column of Units, | |ojr
is zo; the Produdt of the Column of Tetis, is 28; | ——
the Produét of the Column of Hundreds is 17 3 z|o
and the Product of the Column of Thoufands, 2|8
15 1. [z '
Now thefe four feveral Produds being added l i .
together, in like manner, the Produ& will be | —————
3000, as following. 3leilo]o
zlo : ;
2 1B 1Th€ particular Produ@s of the
1| S above four Celumns,
I

By this continnal Addizion

of the Prﬂctmfts‘ theyatlength : {lfg:fds’gir?;e added as above, 2
terminate inthe Total,which | 2z | g N ;
was to be demonftrated, ——e

i (o}

Their Sams added as above, a
third Time.

{310 o} The Total or Produd, as above.

P. 7 thank yeu, Sir, for this Demenfiration, awhich bas auell informed me of the
reafon of carrying on the Tensy as they arifes to the next Column. Pray Sir, be
B2 pleafed,
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pleafed, in the next place, to proceed to other Examples, for “tis a Pleafure to work,
awben 1 know tke Reafon of my Operations.

M. I am glad to find that you are fo pleafed with Demonfirations, which very
few Youths care to trouble themfelves with,

P. Such there are, there's ro doubt of 5 but did they knoww the Seveetnefs of De-
mowIvation, they wwould firicly purfue its for by this fingle Demonfiration only it is
provedy That the wwbole is equal to all ivs Parts taben fogether, thatis, Tam taught
£0 knoww that the Numbers avkich are propofed #0 be added together, are the feveral
Parts, and their total Swn found by Addition to b the avbole.

IL. *Tis true, you rightly conceive it, and you will as eafily conceive the reafon
of the Proof of Addition.

P. Pray boav do you prove the Truth of dddition ?

4. By pariing or {eparating the given Quantities or Nambers into two {or
more) Parcels, according to the Largenefs of the feveral Numbers contained
therein ; and then adding up each Parcel by itfelf, their particalar Sums being
added together, the Sum total thereof will be equal to the other Sum total firit
found, if the Work be truly performed ; if otherwife, 'tis falfe, and care mult

¢ taken to difcover and corred the Error, by going over the whole again.

Examrre.
123456 123456 c423165
214365 B 214365 432615
Az41356 241356
423165 SR 855480
432615 519177

—

1434
{1) In this Examp?:s, the given Quantities are 123456, more 214365, more
241356, more 423165, more 432515, whofe Sum total is equzl to 14340957,
(2) Dividing thefe five given Quantities into two Parts, as the firlt three by
themfelves, as B, and the laft two by themlelves, as C; their two Sums or
Torals, added together, will be equal'to the Total of the whole five Numbers
talzen together at A,
The Sum Total of B, is 5
The Sum Tatal of C, is 8

»r
/
5

R
5780

The grand "Total is - - 1434957 which is equal to the Total of the
five piven Numbers at A, as required. And foin like manner any other Sum
or Quantities given, may be proved.

P. Lunderflend you perfoitly avell, and can now prove the truth of any Total re-
guired.  Pray proceed to my further Information in other things neceflary to my Pur-

gfe £

M. T will: and firft, with refpect to Meafures of Length,

P. What Meafures of Length ave ainfl generally ufed in Bufinefs ?

M. The Foot, the Yard, and the Pole or Perch.

P. How is the Foot commonly divided ?

M. Generally into twelve equal Parts called Inches, and every of thofe Inches
into cight, and fometimes ten equal Parts, which laftis called a Decimal Divifion
of the Inch, and then the whole Foot is divided into 120 equal Parts.

Y. I the Foor divided into any sther Sortsof Partsor Diwifions ?

M. Yes, 'tis fometimes divided into one hundred Parts; which is called, the
centefimal Divifion of the Foot, as has been already gbferved ; by which the Di-
menflons of Glafs, Marble, €. are taken.

. Pray give we fome Examples in thefe Kinds of Feet Meafure ?
}l‘.}. )! will; and firft, of the Foot divided into 12 Inches, and each Inch inta
Biphs Fal e,

I Addition
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II. Addition of Fect, Tnckes, and Bibs.
Examrere I.
Feet. Inch. 8th Parts.

278 BTEEN T
13 (5 Rul
~ . 10 3 wie.
Eizf:fr;? ?k:‘: ‘S~l:in e Z§ 4 4 For every 8 Parts, carry 1
BEBRNEHIEN 14 7 5 to the Inches; for every iz
18 = 4 2z Inches, carry 1 to che Feet,
9 1o 1 whichadd as Integers,
= Anfwer 115 8 3
Fake the following Examples for Praice. .
Examrere 11, Exampre III.
Feet. Inch. 8ths. Feet. Inch. Sths.
T e - iz3 i1 7
4 1lo 2 RTINS L
T = LR =]
§w 2 f Y2 BE T4
T & 75 i ©
Sim66 2 6 Sum 411 2

) 4
~ Iwill now proceed to Examples of Foot Mealures, centefimally divided ; thap
15, the Foot divided into 100 equal Parts,

111, Addition af Fert and Parts.
Feet. Hund, Parts,

123 - ,09
456 75
Colle® into one Sam thefe i 139
feveral Lengths, wiz, g‘;i z;
T?Z :25
222 ,50

, Sum total 1937 ,69

_Now, as the Foot is here fuppofed to be divided into 100 equal Parts, which
Is a Centefimal Divifion ; cherefore the Manner of adding thefe Sums together is
the very fame as in whole Numbers ; the Tens of every Column being carried on
to the next, and the Remainders placed underneath : this is fo very plain, needs
no f';!rtncr Example: hereof. But obferve, that as the Foot contains an 100 Parts,
75 Parts thereof are equal to 2 of a Foot; 5o Parts thercof ase equal 50 £a
Foot; and 25 Pagts thereof are equal to I of a Foot.

P. 1 thank you, Sir s thefe Examples are both ¢afy and pleafant, and I am much
delighted thereavizh, Pray now praceed to the other Meafures you before mentioned ;
which, if T remember right, you faid, were the Yard, and the Pole, or Perch.

IV. Addition of Yards, Duarters, and Nails,

M. The Yard is a Meafore of Length, containing three Feet precifely ;s of
which other Meafures of Length are compofed, as the Pole, or Perch, Furlongs,
Miles and Leagues,

P. Lnavhat Manner is the Yard ufually divided #

. M. Into four equal Parts or Quarters, each (containing nine Inches) fubdivided

into four equal Parts; called Najls ; therefore the Divifions of a Yard, are Nails

and Quarters, and the Manner of theit Addition is performed by this Iéulc.
XAMPLE
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ExamprE.
The following Lengths are to be added into one Sum.
Yds. Quar. Nails.

123 3 3 Forevery4 Nails, carry 1
560 1 2 totheQuarters; forevery
783 2z .1 4 Quarters carry I to the
o87 o 3 Yards, which add as In-
ghb. 3. 2 . tegers,
Sum total required 3323 3 3
Take the following Examples for Practice.
Yds. Qu. Nails. Yds. Qu. Nails.
Jo5 g 2 1456 '3 3
834 2 1 323 1 3
AhRI S S R
888 2 .z —— :
— e Total 2227 o 1

Total 3288 1 1

You muft alfo underftand, that there are three other fmall Meafures of Lenpth
proceeding from the Yard, namely, the Flemif and Engiigh Ells, and the Fathom.
The Fleni/ Bl is equal to three Quarters of a Yard ; the Exp/i/s Ell is equal to
one Yard and Quarter; and the Fatham is equal to two Yards, or {ix Feet.

P. Thank you, Sir 5 1 fball remember their Quantities: pray procesd anto the larger
Meafures, as Polesy Furlongs, &c.

M. I will ; but firlt, *tis necefary that you fhould have, at leaft, one Example
in each of the preceding Meafares : for always remember, that the praflice of
one fingle Example ingrafis a flronger Impreffion on the Mind, than the barc
hearing or reading of twenty.

V. Addition of Cloth-Meafure, Flemifb.

F1, Ells. Inch.
213 26 Rele.
271 - 17 For every z7 Inches carry 1
123 11 to the Ells, which add as In-
721 20 tegers,
2PETE

Colleét into one Sum thefe
feveral Quantities, wiz.

Sum total 1553 8

VI. Addition of Cloth-Meafure, Luglifh.
EL 4ths of Yds, Na. of Yd.

D2 oy Rule. :
Collect into one Sum thefe } 123 3 2z For every 4 Nails carry 1
feveral Quantities, w7z, 71 4 2z totheQuarters, forevery s

72 4 1 Quarterscarry 1tothe Ells,

— whichadd as Integers.
Zhivnzs o

VIL. Addition of Fathoms.
Iath. Feet.

123 2 Rule.
Coliefl into one Sum thefe } 173 I For every 6 Feet carry 1 to
feveral Lengths, @iz, 2755 & the Fathoms, and add them as
< 222 4 Integers.
999§
794 §

Now I will proceed to Poles, Furlongs, &7,
P s 25
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P. Pray, ashat Number of Feet are equal to sne Pole o Perch 2

M. “There are three different Poles or Perches, by which Lands are meafured.
The firft is called the Statute Pole, containing 16 Feet and £, The fecond, the
Woodland Pole, containing 18 Feet; and the third, the Foreft Pole or Perch,
containing 21 Feet, . d :

The Statate Pole is afually ufed in the Menfuration of meadow, arable, and
pafture Lands, and Brick-works, &Fe. the Woodland Pole in the Menfuration of
copions Woods, &5, and the Foreft-Pole in the Menduration of large Chaces,
FO"E&S, e,

IE

VI, dddition ngra:ute Poles.
Poles. Ieet.

999 13 Rule.
- . Y127 1¢ For every 16 Feet and £
{Eolleillf‘ntc:’ohneffn thcfe 72;} IT carry I, O every 33 Fect
i ) e ¥88 2 carry z to the Poles, and add
777 4 themas lntegers,
Sum 3522 12
IX, Addition of Woodland Poles.
Poles. Feet.
~gB 17 Rule.
) 127 15 For 18 Feer carry 1 to the
gone.ﬁtﬁfo Io}ne SU.T thefe 493 1;' Poles, which add as Imte-
everal Lengths, wiz. 160" 16 gers.
Zz2- g
Sum 1742

14
X Addivion of Forefl Poles.
"Tis required to collet into one Sum, the following Lengths.
Poles. Feet.

gogg 20 Rule.
st el 1 1} TR
555 “9
Sum 12423 20

Thefe are the various Kinds of Pales, of which the Statute Pole is the moft in
ufe, and it is by the Statute Pele, that Chains, Furlongs, Miles, and Leagues,
are compofed. :

P. Pray avhat Meafiire is a Chain ?

+ A Chain is a Meafure of Length, containing four Statute Poles, precifely
equal to 66 Feer, and is divided into 100 equal Parcs, called Links : it is by this
Meafure, that [,and is ufually meafured 5 and was firll invented by that late emi-
nent M‘Chemalician, Mr. Edmund Gunter; and as the wholg Length is divided
inte 109 Links, and contains 4 Poles, therefore 25 Links is equal to ope Pole;
5¢ Links equal to two Poles, and 75 Links equal to 3 Poles,

XI. Addition of Chains and Linki.

Cha, Links,
e B Rule.
g 5 g5 For every 100 Links carry 1
COHCQ into one Sum, thefe ) z g9 tothe Chains, which add gs
®uantities, wix. 27 .zt - Integers.
28 g6
o0 13
Sum 76 o4

X1, 44
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XI1. Addition of Furlongs, Chasns, and Polss.

P. Pray avkat is a Furleng ?

M. A Furlong isa Length, containing 1o Chains, or 40 Statate Poles or
Perches, and is one eighth Partof a Mile, It is alfo called, an Acre’s Length ;
and one Chain’s Length, is called an Acre’s-Breadth; becaufc a Piece of
Land, whofe Length 15 10 Chains, and Breadth one Chain, is equal to 160
fquare Poles, the Quantity of one Statute Acre,

The Addition of thefe Meafures, is made by this Rule:

For every 4 Poles, carty 1 to the Chains, for every 10 Chains, carry 1 to the

Furlongs, which add as Integers.

Examrre.
Far. Ch. Po.
212

Colle& into ane Sum thefe § >

ho Ly 2
72 177
feveral Lengths, viz. o

€00

IR0 W
< I O H BN nw

Sum 1335 9 ,
P. Sir, Tnow underfiand thefe Additions very avell, and therefore defire you to pro-
ceed unto Miles, Leagues, &c. Pray, kow many Furlngs ave qual to one Mils 2

XIII. Addition of Degrees, Leagues, Miles, and Furlongs.

1. Eight Furlongs are equal to one Mile, and three Miles are equal to one
League.

P. dndis a League the greatefp Meafure of Length 2

#7. No; a Degree is the greateft Meafure of Length.

P. What is a Degree ?

M. A Degree is flated at 60 Miles, of which, 360 isfaid to be the Circom-
ference of the Earth,

P. Pray give me an Exanmple bereof ?

M. T will,

ExamrLE,
Collett into one Sum the following Meafures.
Ruje. For every 8 Furlongs carry 1 to the Miles, for every 3 Miles, carry s

to the Leagues, for every zo Leagues, carry 1 to the Degrees, and add them
as Integers.

Degr. Lea. Mi. Fur.
70 18 2 7
z5 15 I 6
18 18 2 5
25 o4 o z
Sum 140 17 [

4
Thefe are the feveral Meafures of Length vfed in England, whofe Proportiona
to.each other are exhibited in the following Table. :
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A Table of Englith Meafures of Lengih.
Barley-coms, taken out of the Middle of an Ear of Barley:

glInch.
————
36!  1z|Foot.

81, 27| 2i/Flemifh Ell.

1c8i 261 3t ad Yard.l

—

ik

T I R ¥ 1% J{JEﬂinﬂ'l ElL.
216 72—_8 22 z| 13 Fathom
——-5—9-.; __1-;5; IE; —: 5% _E ;:"_g Statute Pole.
—-—;J; 216 18/ 8 6 4§%-——3 EiWocdlahd Pola.
h_‘_?jﬁ__'z;z 21| 9% 7| 655 -_g :J—, 1:|Foreft Pole.
2376] gzl 66| 293 22 13;-}?‘,1 10 j-_g_i 34|Chain,
23760| 7nz0| 66| 9ozt zzo 1761_1;;.'3_6_; 313 ; Furlong,.
:)—508:-5_;6—(: 5280 7946§i:760 1408[@3;_2:0 ;; 2513 ; —8_ Mile.
8

1 2 3 4_ : 5 6 '}' 9 10 111z
P 2 P ray explain unto me the Nature and Ufe of this Table?

‘1;- Iwill. You fee that it contains 12 Columns, as numbered, 1, 2, 4, 4, s
»{’) 7 8, 3 10, 11, i2, each reprefenting the qubcr gf'l“imes leat th:—y_ are
contained in the mext greater Meafure. Thus in 2 Mile, the e is contained
1-?0080 Barlay-corns Length ; or 63360 Inches ; of 5280 Feet; or 7046% Fie-
zefs Blls 5 or 1760 Yards; or 1408 Englie Ells; or 880 Fathoms; or 320
;;aéuti?;l:’;ﬂes; or 293§A-W00d!and Poles; or z ~1.5‘; Foreft P‘olesl; or 8o C:‘hains!;
mit ¢ ‘fﬂungS; s exhibited in the lowermoft Line of the Table. A%;m, ad-
L anuS‘TE‘qulred to know what Nomber of Inches is in a Fu:long, &'c. pro-

i s follows,

T'in:griii' find out the W’ord Furlong on the right-hand Siﬂ‘c of;_the: Tabl‘e, and -
of) 1,“% your E;!'e Jrzvel"thcrcf:'om, until you come unde[me'l itle (or ’Cohzmr:
taigig inl:; the fecond Column, there ftands 7920, the Number of Inchies con-
the Numks ne Fuﬂnng. as {cqmred. L:‘.ceu-nfe‘ ur{der the Ticle Fost, flands 600,
i ¢t of F_e'et‘zr'm a Furlong ; and fo inlike manner, any other Mgafure,-

B S;_"_“})f which 'tis cnmgﬂﬁud, may_moﬂ: read]l‘v‘ be t@nd I?y Inipediion.
ek s 4 amaery ma‘zf‘b obliged to you _for your painfil Information of Long ﬂfz‘a-‘

V5 Pray be pleafss 1o infirusi me in like manver, of fuch fguare Meafures as aré
Wed in Bufiyefs ¢ - %
fo)iﬂ I ':‘{L ‘ The fquare‘ Mcafure{ by which Warks, 5. are performed and

B are; the Yard, the Foot, the Squate, and the Red, or Pole. )
ol 3 ;';’{"fft ""‘.9'.?_9:# mean by the Foot ? You hawve alréady informed we, thata Foo is
ﬂ;"g‘:“’;f"‘-”aﬁ”-‘-’g L2 Dnchesy avbich I alroady fnoan,
s -f 3—:: v;ry 1;uc a Foct-in Length is 12 Inches asyou fay, butq fquare Foot,
cr'"'q A pace, t‘rnch Side tljsrccf&q}:al to 12 Inches; chat 3s; as well in
I8t 25 in Breadth, and eontains 144 {quare Inches:

6

e B Prag
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P. Pray explein this to ye in fuch a manner as I may rightly underfiand it 5 for
at prefint I cannat comprebend your Mraning 2

M T will, "iis very eafily underftond ; Suppofe that the Square A B C D, fg.
IX. PL LVIL have each of its Sides equal to one Footin Length. And each Side
divided into 12 equal Parts; that is, the Inches in a Foot. Then I fay thac if
from the feveral Divifions of the Inches at the Points 1, 2, 3y 500, 708,00,
1o, 11, and 12, in the Sides A & and A C, right Lines be drawn from Side to
Side, refpectively oppolite, they will form 144 little Squares or {quare Inches :
For every one thereof will be an Inch fquare precifely. Hence itis, that a fquare
Yoot contains 144 {quare Inches.

P. 8ir, Luderflond you perfedly avell, and upon the fame Priveiple I fuppofe that
a fouare Yard cantains § fyuare Feet.

M. "Tistrue. For il each of the Sidesof the Square A B C D, fo. I PL LVIIL
contain cne Yard, divided into 3 equal Farts or Feer, as atthe Points 1, 2, Bk
€&7¢. and the Lines 3, 75 4, 85 and 1, 5; 2, 65 be drawn, they will divide the
fquare Yard into o little Squares, each containing one fquare Foot. Tlherelore
iis evident, thatone fquare Yard contains g fquare Feet, as yon have before ob-
ferved.

P. I Jee plainly that it doth, bat avhat ds you mean by the Meafure avhich you call
a Square ?

M. A Square of Worls is a Space containing 100 fquare Feet, ar it isa fquare
Figare whofe Sides are each cqual to 10 Feer, divided into Feet, as the Square
A BC D, figz. 1. 8L LVII.

P, Lunderftand you, Siv, end foe that if from the frmweval refpective Divifions of
Faﬂ‘! there be vight Lines droava, in the fame Manner as before in the [yuare Fase
and Fard, they wvill generate 1co littl: Squares, cach equal ta one fguare Foot. Pray
avberein is this Kind of Meofure ufed ?

M. In the Menfuration of Flooring, Tyling, Slating, &%c. which you will
be acquainted with, when youcome to learn Menfuration.

P. Thank you, Sir, pray be pleajed to proceed 2

M. Twill. The next {quare Meafure is a Rod, or Pole, and is a Space cons
taining 272 fquare Feet.

P. Pray Jhenv meits Figure ?

a4, 1 will ; Suppofe each Side of the Square A B C D, fp. III, P/ LVIL. to
contain 15 Fect 3. divided into 16 Feet and £ as at'the Numbers, 1, 2, 3, &%, in
the Sides A Band A C. Then I fay, that if the right Lines 1@, 24, 3¢, 44,
§ ¢, &e. be drawn, as before in the preceding fquare Figures, they will ge-
nerate 256 complete litile Squares, each containing one fyuare Foot, as in the
Scheme.

P. Fery avell, Sir, but I thenght that you faid, that a Sfouare Rod contain’d 272k
Jouare Feet, and bevein you produce but 256,

© M. Within the Square of 16 Feet £ A B C D, there are 32 little long Squares,
or Oblongs, marlked with Dots; now as each of thele oblongs are 16 Inches in
Breadth, and vne Footin Length, therefore one of them is equal to but £ of one
of the whole {guare Feet. And confequently the 32 being taken together, are
equal to but 16 whole Feet,

Nowif unto 256

You add 15

The Sam is 252 Tlie Number of FeetinoneRod. And laftly the litele
Square », a1 the Corner D, having each of its Sides equal to but | a Feot or fix
Inches, therefore it contains but'Z of a Foot; that is 36 Inches, which is bug
{of 144, thie Number of fquare Inches (as before proved) in one fquare Foot.

Therefore the Sum of the whole Square is equal to 2721 Feet. Having thus
defiued unte yon chele feveral {quare Meafores, 1 will in the next Place proceed
0 {owe Bramples of the Addition of fach Quantities.

7 X1V,

i
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XIV. Addition of [fgaure Feet. ) _
Nﬁ‘ff: That as the fquare Footis divided into Quarters, therefore one Quarter
<ontains 36 (quare Inches. :
8q.Feet.Qrs.Sq.In,

; ¥zgat iy Rule.
Colle into one Sam thefe 729 2 2g Forevery 36 Inches carry
feveral Quantities, wiz. 8o 25 1 %0 the Quarters, for every

1
71 © 35 4Quarters carry i tothefq.
—— keet,whichaddas Integers.
Ioo; 1 12
I muft alfo inform you, that the fquare Foot is by fome divided into 12 equal
arts, Fach being 12 Inches long, and one Inch in breadeh, as g dec d efg ki
&/m, in fg. VI PL LVII Which Parts are called long Inches, of which
yfnf‘l! fee more at ]arge in crofs Multiplication hereaizer. By this Manner of
du‘:dmg the fquare Foot, its Pa:ts are molt readily added together, as following.

Exampre.
5q.Feet. Inches,
"go9  11. Rule.
1o 1o0. For every 12z Inches carry
6. 1 to the Feet, and add them
2 3 - as integers.
99

Sum 1120 2

Cal]ec“_: into one Sum thefe
Quantiries, Vi,

XV, dddition of fyuare Yard Meafure.
Examrre,

Yds. Fect.
i
TCoiledt into > 7 Rule.
£ ljanthi}:; ;11& HATE e 4 For every g Feet carry.1 to
e 5 8 theYards, and add them as In-

6 2z “Sigeers.

|

Som 62 2z

XVI. Adiitisa of fauare Meafure, as Flooring, &c.
Sq. Feer,

10 .g5
: K2ig ot Rule.
s . s R [
}-011661 1nto one Sum thefe | jo .83 Add uptheFeeras Integers
scveral Quantities of Floor- 70 .6, and for every 1co catry g
g, iz, 1o 25 to the Squares,
Ieo 5o
iy

Sum 206 27

m » XVIL. 4ddition of ﬁ[(m"g Pole ﬂ:@t{ﬁ:ra.
Hote, That in Bufinefs the fraftional Part or ane Quarter of a Footis generally
Omitted, and then, i

The Rod istaken at 272 Feet,
The 3 Quarters zo4
The Half 136
The Quarter 63

Cz To
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Rod. Qr. Ft.
T'o add thefe Quantities together, this is the Ruls. Forevery 68 27 3. 30

Feet carry one to the Quarters, and for every 4 Quarterscarry 1 29 I 38
to the Rods. i VR

The Quantities in the Margin, are given to be added intoone 8 9
Sum

Somez2 ¥ ¥

XVIII. Additicn of Land Meafure.
Note, That an Acre of Land contains 16 Poles or 4 Roads, and each Rood
4c {guare Poles or Perches.

Acre. Rd.. P,
27 3. 39 Rufe.
Colle& thefe feveral Qdan. 22 o Topr e;.r —R ‘Od ies m.!.w
tities into Sum, iz, L R e e inFEveny
i P Roods carry 1 to the
21 1. 30 Acres, which addas Ia-
Udel'S.
Sum 115 =z 03
A Tablz of fonare Meafare. Thus have Tdelivered unto you
7. Inches. \ all the nleful fguare Meafures, by
P which zll manrer of f{uperhcial
144{Feet, Works are meafured. T fhall
——l—— now exhibitthem together in this
1296 g Yards. able, which by Tnipection will
i S —_— flicw their refpeltive Qunntities,
12gfos| Toogi 115/8quares. in any of the lefier Mealures.

39z24] 2725] 303 zif|Statute Pole,

. c [
1568 160{1o8gol121e|108:%| 4o Roods.

6272640143 g6¢c .—;rSA,.o 4354%[160| 4|Acre.

P. Pray fbeav methe Ule of this Tobls 2

M. T will. Suppole it was required to know how many fquare Feet were
contain'd in one Acre of Land, Stavure Meafure ; looking in the fecond Column,
under the Title Feer, and againit the word dere, fands 23560, the Number of
fquare Feet in an Acre of Land, as required ; and fo in like manner any other
Mealuwe in the Table.

P 1 thend you, Sivy I andsfand it, and fo in like nanzer an Aere of Land is
gual it 6253640 f:",fm e Jnches, or £540 fguare Yards, er 4355 Squares of 100
fer« 3 or 14a fr-uare.')tg ute Polesy or 4 -Roods. And a Rosd 75 rqual to 1568160
‘j,lm'.e Inghes, or to 10590 fuare Feet, or fo 1210 fguare Yards; or to 1085%

&g Heares of 100 oot op 10 40 Statute Poles,
M. s t':.l_‘.‘ well, I find you have a ribh'UnL. r.n'zd-:lﬁ ofits Ufe. T fhall
in'the nex: P sroczed to inform vou of the feveral Weights ufed in this King-
dem, f|0ﬂl whic ll the five 'l ‘m,n.l‘xv: af Lﬂw ity were talken.

R
R A CHy DErs

[aiid 1".-?..7..;:;; e /].:n- fo fodlumy the

7 3
Ve O JORATE G

wes which you are w be li‘!OiTﬂL’J of, as the folid

Af, There are folid |
;‘.'?Oi, \'-‘I‘IELl Contal 0S bick T ;PLIL.;, -;hd the -d[ d'¥Y: 1'41 which
gontalns g7 folid Fevs, ¢ Timber 20 folid Feet, and a Load 55 folid Feer.
But
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But before I can inform you thereof regularly, I muft teach you Multiplication,
or otherwile you cannot fo readily, or{o well underftand them.

P. Ioff pardon fir my Foravardnels.  Pray proceed to the docount of the Weights
you was mentioning ¢

M. Twill. The Original of all Weights ufed in this Kingdom was 2 Grain of
wheat, taken out of the Middle of a well-grown Ear, and being well dry’d, 32
of thewm were called and made a Peuny Weight, 20 Penny Weights one Ounce'and
12 Ounces one Pound. See theStatutes of 51 Fen. 3. 31 Ed. 1. 12 Hero 7. But
the Moderns, fince the making of thefc Statotes, have divided the aforefaid Penny
Weight into 24 equal Parts, which are called Grains, and is the leaft Weight now
in common Ulfe.

P. What do you call this original Weight ?

M. It is called Troy Weight, becaufe ’tis fuppofed to be the fame ‘that was
ufed by the Trojans. By this Weight, Ofbright a Saxen King of England 200 Years
before the Conquelt caufed an Ounce Troy of Silver to be divided into ‘twenty
Pieces, which were at that Time called Pence, and at that Time-an Ounee of
Silver was worth but 20 Pence.

This Value of Silver continued unto the Reign of Hex. VI. who to prevent the
enhancing of Money in foreign Parts, valued the Ounce at thirty Pence, and ac-
cordingly divided the fame into thirty Pieces, each being then a Pesny. Andthe
old Pennies made in Qfbright’'s Time went then for three Pence half penny
each, and which continued unto the Time of Ed. 1V, who valaed the Ounce of
Bilver at 4o Pence, and divided it into 40 Pieces each a Peany, and then the
old Penny of Cffright's went for Two-pence.

This continued until the Reign of Hem. V1L whovalued the Ounce of Silver
at 45 Pence, which was not altered vntil the Reign of Queen E/iz. who valued
the old Penny of Offright ac three Pence; fo that at that Tlime, all ‘Three-pences
coin’d by Quecn Efiz. weigh'd bot one Penny Weight, every Six-pence two Penny
Weight, and the like Proportion in Shillings and other Pieces then coin’d.

This laft Alteration was the Caufe of the Ounce of Trey Silver to be valued
at 6o Pence, or five Shillings, as itnow is at this Time.

By this Weight Jewels, Gold, Silver, Corn, Bread, and all Liquids are
weighed.

XIX. Addition of Tray Weight.
Thefe Weights are added together by the following Rule.

For every 24 Grains carry 1 to the Penny Weights, for every 20 Penny
Weights carry 1 to the Ounces, and for every £z Ounces carry 1 to the Pounds,

Examrre.
T 1Oz Pw, Gr.

g2 Leail g £20

16 (e (Mol
20 8 3 4
T G 7 8
Sum 99 5 2 L

But befides thefe common Divifions of the Troy Pound, T find in the Prefent
State of England, for the Year 16gg, that the Grain is fubdivided as fullowing,
wiz. 1 Grainis divided intozo Mites, 1 Mite into 24 Droits, 1 Droit into 20
Periots, and 1 Periot jnto 24 Blanks, from which the following Table of Troy
Weight is made, - .

Blanks
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Blanks
e 24|Periot
480 zo|Droit
s 11520 480 24|Mite |
230460 g500 480 20‘Grain
5529500, 230400 11520 480| 24 Penny Weight

102892000  4608000| 230400 gboo| 48c! 20|Ounce

— e | —— SRR S

1
1,234,704,000 ;5,296,00{3‘2764800,11_:;:oo §760l240 IJIPODDC}.
1

— e — s — |

Thefe Weights are added together by the following Ru/s.

For every 24 Blanks carry one to the Periots, for every zo Periots carty 1 to
the Droies, for every 24 Droits carry 1 to the Mites, for every 2o Mites carry
¥ 1o the Grains, for every 24 Grains carry one to the Penny Weights, for every
20 Penny Weights carry one to the Qunces, and for cvery 12 Ounces carry 1 to
the Pounds.

Examrrs.
12 zo 24 20 2 29 24
Poands, Oua. Pwis. Gr. Mites Droit. Per. Blanke.

To 16 7 9 13 15 17 19 - 23
Add § 20 5 7 13 16 K4 18 15
¢ 0z TI 19 19 18 16 5 I
Total 4o o) 17 4 11 I 14 2

Now fecing that by this Table » Grain contains two Hundred and thirty
Thoufund, four Haondred Parts, or Blanks, furely the Commedities that have
been fold by thefe Weights malt have been of great Value, as that they thiem-
felves mult be real Atoms, or at lealt as Gnall 22 one Particle of the fineft Kind
of Sand. But this Example I give you more for Curiofity than real Ufe,

By Avoirdepoife Weighe sll Kiod of heavy Commodities are fold, as Iron,
fead, Brals, Copper, Grocery Wares, &% whofe finalleft Part is culled 2
Dram, of which 16 make one Qunce, 16 Qunces ane Pound, and 112 Pounds,
one Hundred Weight, ¢6 i5. half a Hundreéd and 28 a Quarter of 2 Hundyed.

Po Proyis the Pound Trey, and Pound Awsivdupoifi vaual o rach othes 2

&, No. The Pound Avoirdupoife, is equal to one Pound vwo Ounces and

12 Penny Weights, of Troy Weisht, and the Pound Troy, 15 but neatly 13
Oances 2 Drams and a half of Avoirdupole ; {o that tie Pound Avoirdupoife is
about two Ounces, 13 Drams and a hal f, Avoivdupoife, greater than the Troy
Pound, which is very near a-fixth Part of a Pound Avoirdupoife, lefs than a
Pound Avoirdupoife.  And therefore fix Pound of Bread, which is fold by Troy
Weight, is very little heavier than five Pound of Butter or Cheefe, which is fold
by Avoirdupoife Weight, So that thofe who believe the Poand Troy and Pound
Awairdupoife to be equal, are much miltzken ; but, however, though the Pound
Troy is lefs than the Pound &voirdupoile, yet the Ounce Troy is heavier than
the Ounce Avoirdopoile, for 292 which are the Number of Penny Weights in 14
Qunces 12 Penny Weiohts, which ave equal 1o one Pound Avoirdopoife, being
divided into 16 equal Parts, each Part will be found to be but 18, and five fix-
tegaths, which are the Nomber of Penny Weights in opg Qunce Ayoirdupoife,
of which the Ounce Troy contains zo,

N, B.
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N. B. The Hundred Weight Troy, is 100 b, the half Hundred sofh. and
the Quarter of 2 Hundred 25 {h.

The following is 2 Table of Avoirdupeife Weights.
Drams

16/Qunce

—— e e

256 16!P0und

7168 443} 28

Quarter of a2 Hundred
2|Half a Hundred.

14336] 896 56

4| 2 AlHundrcd

28672 1592 v12

573440]35840 2240 80! 40 Z0/A Ton Weight. .

XX, Addition of Aveivdupsife Weight,
Thefle Weights are added together by the following Rude.
For every 16 Drams carry 1 to the Ounces ; for every 16 Ounces carry 1 to
the Pounds ; for every 28 Pounds carry i to the Quarters ;. for every 4 Quarters
€arry 1 to the Hundreds; and for every 20 Hundred carry 1 te the Tons.

Examrre.
A Smith made five Parcels of Iron-worls ;
TowiHe QP Gz D

The fich weighed 7 15 3 27 13 14

The Second 2 11 2z 14 1o i 1demand the to-
The Third 9 19 1 g 7 15 tal Weightof the
The Fourth 2]\ a5 S ePi S 17 5 9. Swhble,

The Fifth s SRR e HEST Sl RS

05 0TI A TEr 00

P. Pray awhiy 25 thes Kind of Weight calied Avoirdupoife ?

M. From the French, Hawe your Weight ; thatis, you fhall havcﬂ;:’/ H'g‘_:'g/}f,
and therefore 12 Pounds over and above 100 are added,

P. Prayis the Troy Pound divided in any other Manner than the preceding 2

AL No: butthe Troy Ounce is, by Apothecaries, as follows, i, Firltinto §
Parts, called Drams, 2 Dram into 3, called Scraples, and aSeruple into 20, called

Grains: 1 Sk e 3
e _2 ‘E\:f:::];[is j : ]S:’Crr:ng]e’ whofe Marks, ?
i 3 3 . 5
8 Drams (° °9ual ml i Ounce, ::ECharaﬂcra %
12 Ounces 1 Pound, i

Nate, That by thefe Weights, Medicines are compounded, bat Drugs are
bought and fold by Avairdapoife Weight.

From the'Pound Troy all the Meafures of Capacity were taken; a Pound of
Wheat filling that which was ealled a Pint : but in regard to the Difference that
was faund in Wheats, which weie fome of more marterial Subffance and Space
than others, and thereby filled more or lefs Space, asfome but 286, and other
288 folid Inches; it was therefore ftated by Parliament, that 282z folid Inches,
fhould be equal to one Gallon of Beer Meafure, and 231 folid Inches, to one
Gallon of Wine Meafure; and from hence it follows, firlt in Beer Mealure,
that 2 Pints make 1 Quart ; 2 Quarts one Pottle; 2 Postles 5 Gallon; 8Gallons

1 Baih i,
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1 Bufhel; g-Gallons t Firkin; 2 Firkins 1 Kilderkin ; 2 Kilderkins t Barrel 3.
67 Gallons 1 Hoglhead ; and 2 Hogfheads one Pipe or Butt; and therefore

~ Pint o # 35 and 1 Quarter "
Quart 7o and 1 half
Pottle 141
Gallon 282

One 4 Efrﬁii Tcon:ains{ ;;gg - [olid Tnches.

Kilderkin 4876
Barrel 9752
Hoglhead 17762

\ Butt 2

L 35532 J

IT. In Wine Meafure, that 18 G-aﬁ;f?s. and half make 1 Runlet of Wine : 42

Gallons 1 Tierce, or third Part of a Pipe ; 84 Gallons 1 Tertian, or third Pasc

of a Ten 5 63 Gallons one Hoglhead ; 2 Hogllieads 1 Pipe; 2 Pipes one Tun 3
and therefore

Pint 28 and 7 eighths

Quart 57 and 3 Quarters

Gallon 231

Runlet 4273 and half

One 4 Tierce contaihs & 9702 {olid Inches:

Tertian 19404

Hogfliead § 14553

Pipe 29106

Tun s8z12

Examrre I,
XX1, Addivion of Beer Meafure.

Ba: K=K, &
P E e Rude.
Four Veflels contain thefe 2 o 3 7 Forevery g Gallonscarmry 1 to
feveral Quantities, I de- 4 I 2 6 the Fickins; for every z Fir-
mand the total Sum of the 5 © 2 7. kinscariy 3 to the Kilderkins;
whole, ~—— for every 2 Kilderkins carry &
Total 18 o 1 1 to the Barrels, which add as

Integers.

Note, That altliough 4 Firkins of g Gallons each, which are equal to 36
Gallons, make 1 Bacrel of Beer; yeta Barrel of Ale contains but 32
Gallens.

Examers I,
B. Hhs.Gal.

Fog3 Rule.

61 TPor every 63 Gallons carry 1 to

27 the Hogheads; for every 2

30 MHeglheads carry 1 to the Butts,

~— and add the Buatts as Integers.

Four Veflels contain the fe.
veral Quantities; I demand
the T'otal

O e =3 4

Tatal 26 T g4

XXIL. Addditian of TFine Meafire.

Tu. Pip. Ter. Telr. Run.Gal. Qu.
Four Vefltls con- Bif SE g Fmil bansipan ooy Rl
tain thefe Quan- P g L ek B ter o2 - For arery U Qs
tities, I demand §nh Eoergowi@y o0 o L S ey theGals
the Taotal. 2T 1 1 I 30 2z loens;forevery s

Galloris carry 1
Total a4 2.3 @i ok vior! ieg totlie Ranlets; for
every 2 Runlets carry one to the Tierces; for every 2 Tierees carry 1 to the
b ]

Tertiansg;

(]
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Tertians ; for every 1 and half Tertians, carry 1 to the Pipes ; for every 2 Pipes,
carry 1 to the Tons, and add the Tons as Integers.

) . XX, Addition of Dry Meafyres, :
Note, That 4 Bufhels make one Sackor Comb i 2 Combs 1 Quarter; 4 Quar.
ters one Chaldron of Corn ; 5 Quarters 1 Wey; 2 Weys 1 Latt.
Examerze I,
Chal. Quar, Comb. Bufh, Gall,

et 9 TR T 3 7 Rule,

Qo o oeqs @ 0 1 b Fw ain’s Gutn

i 1 3 1 3 § carmy 1 to the Buthels;
3 T, b = T 3 7 for every 4 Bufhels

cairy 1 to the Combs ;
Total 25 1 o 2 I for every 2 Combs
carry 1 to the Quarters; for every 4 Quarters carry 1 to the Chaldrons, and
‘add them as Imegera.
Examrre IL
Lafts. Weys. Quar. Buth, Gall,

Colle& thefe feveral | 7 k Pl / Rale.
Quantitics iato oned 5 I 3 6 5. For every )8 Gallons
Sum, wi, 2 0 4 7 7 carry I to the Bufhels ;
: 7 o 3 § 6 for every 8 Bufhels
~— carry 1 to the Quar-
Total z3 i 2 4 I ters; forevery ¢ Quar-

ters carry 1 to the Weys ; for cvery z Weyscarry & to the Lafls, and add the
Lafts as Tnregers.
Nore, A Chaldron of Coals is 36 Bufhels, and one Hundred of Srerch Caals,
112 Pound, Aveirdupoife. !

XXIV. Addirion of Decimals,
Note here, the Integer is divided into ten equal parts.
Inte 10ths,
271

Colleé thefe feveral Quan- 541 Ruls.

tities together, wiz, 32 For every 10 in the 1oths carry 3
11 to the Integers, which add as be-
6 fore taught.

D D ~Tao

-

{

Totzl §72 6

Note, Decimals are ufaally exprefied by having Fra&ional Parts 271,0
feparated from the Integers by a Comma, which is called a AL, T
Separatrix, as in the Margin; where the aforefaid Example is 32,9
exprefled in that manner. i

6,4
7:9
s
872,6
XXV, Lddition of Dusdscimals.

Note, Asin Decimals, the Tnteger is divided into 10 equal Parts; fo here in
Duodecimals the Integer is divided into twelve equal Parts (as the Inches
in a Foot, or Pence in a Shilling). Itis alfo to be noted, that in many
Cales not only the 12ths are divided again into 1z Parts called Primes.
bat each Prime intg 12 again, called Seconds, and every Second in like
manner, int0 iz, which are called Thirds, &' which are denoted by
Dafhes over them, according to their Place or Value. As for Example,
10 Primes are expreffed thos, 19°, 10 Scconds thus, 10", 10 Thirds thus,
: (1Y o 7

D Colle®
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i

Rule.
: 10 1o jo 1t For every 1z Thirds qarry
Colle®t into one Sum the) 9 11 7 10 1 to the Seconds; and the
following Quantities, iz, 5 9 4 7 fame from the Seconds to
z 7 1 11 the Primes; and from the

Ptimes to the Integers, which
Total 29 3 11 3 add as beforetaught.
XXV, ddditionof Degrees and Minutes,
Note, A Degree is dividad into 60 egual Parts, cajled Minates,

A
Deg. wim.

27 59 Ruiz.
Colle& into one Sum thefks 2 47 For every 6o Minutes carry 1 to
{everal Degrees and Mi- 7 59 the Degrees, 'and add them ag
nutes, wiz. 9 42 lntegers.

 Q

c
oy
1

Tlotal 57 . 22
MXVIL, Aadition of Time.

Nite, A Year is foppofed to be divided into 13 equal Months; a Month into
4 equal Weels ; a Week into 7 Days, of 24 Hours each; an Hour into
6o Minutes, and a Minute into 6o Scconds.

Years. Mon. Weeks. Days. Hours, Min. Sec.

Colleft inito one Sum thele 17 1L 3 6 17 47 50
feveral Quantities of Time, 15 10 2 5 23 55 59
I 20 9 3 ;‘1'. 2'2 40 20

Tatal 54 6 2 3 16 34 19
XXVILL. dddition of Sand and Lime.
Examepre 1. OF Saud
Mate, A Load of Sand is 18 heaped Bafhels.
? Loads. Buih.

297 11X Rule.
Colle& into one Sum thele 18 15 For every 18 Bufhels carey 71
feveral Quantities of Sand, 15 13 to the Loads, and add them as
i 16 16 [Iategers. i
B2y

Tatal 9r 12

Exaurnie Il OF Lime.
Abre, 25 Bags, which oughtto be one Bufhel, is acconnted one Hundred of
© Lime; and in many Countries, 30 Buflels is called a Load.
J Hund. Bag,

Rale.
For every 25 B:lgs carry 1 to
the Hundreds, which add as In-
f{";el‘s.

. =1

Colleétinto one Sum thefle J
feveral Quunticies of Lime, l

L EEa

S gs b
LS T A o
s

(8]

Total 17 g
Loads, Bulh.
Again, collett into ore Sum Z 2 Rule.
thefe Jeveral Quantities of 2g Forevery 30 Buthels, carry 1 to
Linve, wix, 26 the Place of Loads, and add
' 18 them as Integerss, '

4a G

3}

Total - 14 10

XXI%,
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- XXIX. Addition of Bricks,
Note, st Bricks make 1 Load.
Lpads, Bricks,

Colle@ thefe four Quanti- z 480 Rule.

ties of Bricks into one Sum, 3 472 Forevery sco Bricks carry 1 to

@iz, l z 137 the Loads, and add them as In-
5 493 tegers,

Total 15 87

XXX, Adiition of Timber and Planks.
Noze, That go folid Feet make one Load.
Loads. Feet.
2 43 Raule.
42 Forevery 5o Fect carry 1 to the
28 Loads, and add them a5 In-

Collett into one Sum thefe
feveral Quantities of Tim-

LR B

ber, iz, 37 tegers.
49
Total 14 =

Na_!e, That in the Addition of Planks, 1 Inch in Thicknefs, every 600 Feetf
Is 1 Load ;5 of 1 Inch and half Thicknefs, 400 Feet ; of 2 Inches Thick-
nefs, 300 Teety of 3 Inches Thicknels, zoo Feet; and of 4 Inches Thick-
nefs, 150 Feet. '

XXX,  Addition of Jolid Yards:

Nete, Thatin 1 folid Yard there are 27 folid Feet.

Yards, Feet,

7 26 Rule.
Colle& into one Sum thefe z 17 Forevery z7 Fect carry i fd ths
feveral Quantities, wiz. 4 25 Yards, and add the Yards as In:
§ 26 tegers,

Fatal g vz
XKXIL, Addition of Money.
Note, That /. ftands for Pounds ; s. for Shillings; 4, for Pence; and gr. for
Farthings ; with refpeét to Zibra, which fignifies a Pound, Selidus & Shil-
ling, Denarius a Penny, and Duadrans 2 Farthing,

I e d g Rule.
iz 17 11 3 Forevery 4 Farthings éarryf
10 15 g 2 1 to the Pence; for every
Colle#t into oz Sum thefe d 12 7 8 3 12 Pencecarry I tothe Shil-
feveral Sums, wiz. { 15 19 11 z lings; for every zo Shili
i 123 16 5 3 lings carry I to the Poindsy

¢ 5] =
TRt —— which add as Intepers.
Total " rye- I8 10 1
_ Aslhave thus gore through the Addizion of all that is neceffary, I fhall there:
tore conclude this [.eGure with obferving,
¥. Thaty Load of Tarth is one folid Yard.
A I___ s PS ] Y e » [ B L - "
2. & Hundred Weipht of Naiis, [ron, Brals, &8¢, 15112 Poynd.
3. A Hundved of Deals or Nails, fiz Seare or 120 .
o A A Bundle of 5 Feet Laths, 180, and of ¢ Feet in Length, 124 &hich
ionld be 1 Inch and half in Breadth, and half z2n Inch in Thicknels, :
5+ A Fodder of Lead is'1g Hundred and a half; or 2184 Pounds &voirdys
Ppotie,
6. A Bale of Paper s ten Reams ; a perfétt Ream, o Quirés, or 180 Sheets
L perfest Qoir @

=

I 2 3: A fnd




24 6f ADDITION;

Ib. 1oths.
7. A folid or Cabick Foot of fine Gold, weizhs ————— 1352 2
Ditto of Standard Geld 1180 4
Ditto of Quickfilver —-— 874 g
Ditta of Lead —_— = euw
Ditto of fine Silver e 6oz I
Ditto of Standaid Silver T A
Bitto of Copper — 562 4
Ditte of Brafs - — e ¢21 8
Ditto of Calt Brafs 500 ©
Ditto of Steel 490 7
Ditto of Iren —_— L
Ditto of Tin : s
Ditzoof Marble 196 3
Ditte of Glafs 161 2
Ditto of Alabalter 11y 20
Ditwo of Ivory — 113 9
Ditto of Clay moderately moifl 112 ©
Dito of fandy Gravel of common Moilture——m— gb o
Ditto of Sea Water 64 1
Ditto of River Water oz
Ditto of Dry Oak 7.8

2, A circular Foot contains 113 fquare Incheg, and one Seventh of gnl Inch;
that is, there are fo many fquare Inches in 2 Circle of one Foot in Di-
ameter, which [ call 2 circular Foor, for the fame Reafon as a fquare
Foot, which makes a {quare Figure, is called a {quare Foot,

‘9. A {olid or Cube Foot, is 1728 folid Inches, that i1s Tz Times 144, the,
fquare Inches in a fquare Foot.

1. A Cylindrical Foot is 1473 folid Inches, and two Sevenths of an Inch ;
that is, 1z Times 113 and one Seventh, the {quare Inches in a circular
Toor.

¥1. A Cylindrical Foot of Sea Water, is about ;0 Pound and half; and of

frefh Weater, about 49 Pound and one Tenth,

LB - 0F-Swnr e A orT olwe

M Subtradtion is a Rule for finding the Difference of any two Numbers, by
o o taking ordrawing the lefler-from the greater, whereby the Difference
or Excefs (which is called the Remainder) will appear.

P. Pray avhat is paviicularly to be obferved berein ?

M. To take care that yon always place the lefler Number under the greater,
and chat the Units, Tens, &e. of the Subtrahend, be placed under the Uhits,
Tens, Hundreds, &e. of the given Number.

P. Pray avkich of the tave Numbers are the Subtrabend, and awbich the given

« Numbesr @

M. The greaceft is the given Number, and the lefier the Subtrahend, as this

Example makes plain,

I. Suliradtion of Integers,
Examere L

Place your Numbers as in the Margin, and be. | From 87 the given Number,
ginning at the right Hand, fay, 1 from 7, there | take 27 the Subtrahend,

reniains 6, and 2 from 8, remains 6. ——
Nste, if in fubtrafting any want fhonld hap- | rem. 66 the Difierence or
pen, then borrow 19 from the next Place, | Excefs.

and for every 10 fo borrowed, carry 1 to

the next Place,

Exatrsr,
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Examrre IL
Operation. Firhh, g from 4 remains
¥ ; {econdly, 4 from 2 I cannot, but
4 from 12 (for borrowing 10, makes
the 2, 12) and there remains 8 : third-
ly, 1 I borrowed, and 6 is 7, from
5 I cannot, but (borrowing 1o as be-
fore) 7 from 15, reft 8. Laftly, 1 that I borrowed, and 5 is 6, from 7, reft 1,
1o the remains.is 1881.
P, Pray hows fpall I knows awhen Subtradion istraly performed
27, All kinds of Subtraftion are proved by adding the Subtraherd and Remains
together, which will be equal to the given Number, if the Subtraflion be truly
performed. As for Example, if 5643

I bought 7524 Bricks,
and have fold 5643, what are re-
maining !
Anfwer 1881 remain.

the Subtrahend, be added to 1881,
the Remains, their Sum will be 7524,
as in the Margin, which being equal
to the given Number, the Subtra&ion

7624 given Number,
5643 Subtrahend.

e

1851 remains:

7524 Sum of given Num. and Subtra.
Qther Examples for Pradlice.

From 547213 From 772543279

take 435197 take 619987654

remains 152555625

is therefore truly performed.

remains 108016

————t

Proof g47213
II.

Proof 772543279
Subtradtion of Maney.

Examere L. Examrre L.

L s S -

From 19 11 3 From 272 1g 10
take 17 ¢ 2 talce 229 15 9

tem, 2 2 | TEM. 43 4 &
Preof 19 11 3 Proof 272 1§ 10
LxamrLe JIL Examers 1V.

2 T L Sy

From 275 "5 T 2 From g27 § 7 1
take 199 19 3 3 take 83z 19 8 3
Tem: . 780 5 O % rem, 94 . § 10 2
Praof 275 .5 1 -2 Proof 927 . § 7.1

In thefe laft two Examples, at the Farthings you borrow 4, and carry I to
the Pence, becaufe 4 Farthings make one Penny ; at the Pence youn borrow 12
and carry 1 tothe Shillings, becaufe 12 Pence make 1 Shilling ; and at the Shil-
lings you borrow zo from the Poands and carmry 1 to the Pouands, becanie 20
Shillings make 1 Pound. ‘The Pounds you fubtrat as Integers.

111.  Subtradion of Inches and Loths.
Examrre II.
Inch. 10ths,

Examrrs IIL.
Inch. 1oths.

Exampir. L
Inch. 1oths,

From 37z cg From 342 § From g71 2
take z45 o9 take 213 g takes 725 9
rem, 127 ©0 rem. 128 6 rem. 245 3
Proof 352 og Proof 34z 5§ Proof gyt -2

Here
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Here, at the roths, you borrow 10 from the Inches, and carry 1 to thg
Inches, becaufe 10 Parts make 1 Inch,

V. Subirafion of Feet and Tnchies.

Examrre I. Examrre 11 Examere 111
Feet. Inch. Feet. Inch, Feet. Inch.
From 279 3 From gy2 3 From gg99 8
take 217 11 take 165 7 take 777 i1
rem. 61 6 rem. 806 8 Tem, 221 g
Preof 279 ¢ Proof g7z g Proof ggg 8

Here, at the Inches, you borrow 12 Inches, or 1 Foor, from the Peet, and
cairy 1 tothe Feet, becaufe 12 Inches make ¢ Foot.

V. Subtraidion of Decimals.

Exampre 1. Examrie II, Examvere JII,
From z17,9 From 2754.8 From 729,02
take z06,5 take 1234,9 take 561,97
Tem. 11,4 rem. 1519.9 rem, 167,05
Pt Sty

Propf 217.9 Proof 2754,8 Proof §z2g,0z

Here you fubtra& the whole as Integers,
VI. Subiradiion of Dusdecimals.
P. Pray avkbat are Dyodiciinals ?
M. Duodecimals fignify twelfths, and as thefe Examples are of Feet, Inches,
and Parts, you are to obferve, that the Inchesare each divided into 12 Parts, the
fame as the FFeer are divided into 12 Inches.

Exampre L. Examere II. Examere I11.

: Feet.Inch.Parts. Feet.Inch, Parts, Feet. Inch.Parts,
From.1z 7 3 From gz 9 9 From &7 2 9
take o7 11 1t take #3171 11 take z7 10 10
rem. 4 7 4 rem, 18 9 10 . Iems3q 3 E1
Proof 12 2 2 Proof gz g o Proof 67 =

. sy : )
Here, at the Parts and at the Inches, you borrv 12, and carry 1 to the Inches,
and to the Feet, beeaufe 12 Parts make 1 Inch, and 12 Inches 5 Foot.

VII. Saltraflion of Yards, Feet, and Inc

£

Examene L Examere I Examrers III.
Yds. Feat. Inch. Yds. Feet. Inch. Yds. Feet. Inch.
From rv29° 2 % From 72 1 3 Frotm 172 o ¢
take g7 2z 11 tuke 43 2 g ttke g9 - 2 10
sl -~ T LR Lo
Tem. 2 2 8 rem. 28 1 B TEILA =6, Y
Proof 127 2 ¢ Proofes =15 Proofiiyzz. o 3

Here yon borrow 12 at the Inches, and carry 1 to the Feets and borrow 3 at
the Feet, and carry 110 the Yards; becaule 12 Inches make a Foot; and 3 Feet
1 Yard,
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VIII. Subtrafion of Cloth Meafure.

Exampre I Examere I, Examrre IIL
Yds. Qurs.Nails, ¥ds. Qurs.Nails, Yds. Qurs.Nails.
From [ A T From 290 2z I Frem 127 3 2
take 399 3 3 take 211 3 2 take 06 3 3
TEMg W27 15 i3 rem. 58 2z 3 rem. 30 3 3

—— — —

Proof ¢29 1 2 Proof z70 2 1 Proof 127 3 2
Here, at the Nails, and at the Quarters, you borrow 4, asd carry 1 to che
Warters and to the Yards, becaufe 4 Nails make 1 Quarter, and 4 Qurs. 1 Yard.

IX. Subtrafion of Flemifh Neafure.

Examrerel. Exameir I1. Examrere T,
Ells. Inch, Ells. Inch. Ells. Inch.
From 2794 22 Fram 37255 13 From 32504 22
take 1372 25 take 27532 20 take 12345 23
rem. 1421 23 rem. Q722 25 rem. 20248 26
Proof 2794 22 Troof 37255 18 Proof 32504 22

Here, at the Inches, you borrow z7, and carry 1 to the S e
Make one Fiemih Eil

X. Subtrafiom of Englith Ells.

Bxamrrne L. Exawmere II. Examrue ITLL
Ells.Qurs. Nails, Ells.Qars. Nails. Ells.Qurs Nails.
Brom 772 2 1 Fromg87 2 3 From 883 3 =2
take 666 4 3 takegiz -~ 4 4 take6gg 4 3
em. 195 2 2 rem. 94 2 3 rem. 188° 3 3
Proof 792 2 1 Proofg87 - 2 3 Proof 888 3 =

Here, at the Nails, you borrow 4 and carry t to the Quarters, becaule 4 Nails
Make 1 Yard. And at the Quarters you borrow 5, and carry 1 to the Ells, be-
faufe 5 Quarters make one Exgfifh KL

KI. Subfirafiion of Fathboms and Feet.

ExamrLe 1. Exaurie Il ExavereIIL.
Fath, Ieet. Fath. Feet. Fath, Feet.
From 720 4 Fromggg 3 From 3279 &
take 459 5 take 777 4 take 1959 5
Yem. z29 & rem. 221§ rem, 1279
Proof 729 4 . Proof ggg 3 Proof 3279 24

ere, at the Feet, you borrow §, and carry 1 @0 the Fathoms, becaufe 6 Feet

| .
Make 1 Fathom.
XII. Szbtralion of Statute Poles.

EximprrT, Examene Il Exawmerz 111,
Poles, Teet. FPoles. Feet. Poles. Feet,
Fro]m gegiL 1y From 987 13 From 3729 1z
take 666 15 takeggg 10 take 1999 13
T 62 - 18 rem. 387 133 rem. 1729 13§
Proof 29 14 Proofg8y 13 Proof 3729 12

“?rcre you borrow 16 Feet and L from the Poles,and carry 1 ; becaufe 16 Feet
30d 2 make a Stacute Pole. '
X1IL
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XIIL.  SubirafFion of Woodland Poles. !

Examprz I, Exameie II, Examere ITI, '
Poles. Feet, Poles, Feet, Poles, Feet.
From g7z 10 From 275 11 From 299 13
take 6gg 17 take 196 13 take 199 16
tem. 22 1L, * rem. 78 14 rem. 99 &5
Proof g7z 10 Proof z75 11 Proof 299 13

Here you borrow 18 from the Poles, and carry 1, becanfe 18 Feet make ¢
Woodland Pole.

XIV. Subtraftionof Foreft Poles.

Exampre I. Examerg IT. Exawsrprz III.

Poles. Feet, Poles, Feet. Poles. Peet,

From 1234 13 From 22z 19 From 757 13

take 788 2o take 211 20 take 237 .19
rem, 445 16 rem, 10 ‘2o rem, 539 13
Proof 1234 15 Proof z22 19 Proof 577 1

Here you borrow 21, and carry 1, becaufe 21 Feet make 1 Foreft Pole..
XV. Suwbirafion of Chains and Links.

Examrre I. LxavpLe L Examrere IIT,
Chains. Links, Chains, Links, Chains. Links.
Hrom 7280 A From 27 8¢ From 279 88
take 37 8 take 19 g9 take 176 g4
rem. 34 67 rem.. 7 86 rem. 1oz gy
Proof 92 63 Proof 27 83 Proof 279 88

Here you borrow 100, and carry 1, asin Integers, becaufe 100 Links make
1 Chain. _
XVI. Subtradion of Mikes, Furlongs, Chains, and Poles.

Examprs 1. Examere iT, Examree IIL
Mi.Far.Ch. Po. Mi.Fur,Ch. Po. Mi.Fur.Ch. Po.
From, 7. N2 piow From 29 4 7 1 From tz7 6 § 2
take 5 7 @l g wlee 12 9 B 3 tzke g9 7 g 3
bl L = s —_—
ey 1 286 rem. 15 4 '8 2 rem Mgt Gty

Proof 7 2 5 2 Proof 29 4 % & Proof 127 6 § 2
Here, at the Poles you borrow 4, ar the Chains you borrow to, at the Fuarlong
you borrow 8, becanic 4 Polesis 1 Chain, 10 Chainsis 1 Furlong, and 8 Far-
longs is 1 Mile.

XVIL. Subtradion of Degrees, Leagues, Miles, and Furlongs.,

Examrre I. Examprell. Examprr T,
Deg. Lea Mi.Fur. Deg.Lea.Mi Fur, Deg.Lea.MiFur,
Fromzy 15 1 4 rom 127, 12 1, § From 29 15 2z g
take 14 19 2 7 take gg 18 z 6 take 2v 19 2 7
42 M -l ol =) (S 151 R IS ) R Felle—7- =15 2 6
Proof 2if 35 .t 4 . Proofizz_iz- 1 3 Proof z9 15 2 ¢

Liere you borrow § at the Furlongs, 4 at the Miles, and 20 atthe Leagues,
becaufe § Furlongs make 1 Mile, 3 Miles 1 League, and 20 Leagues 1 Degree.

XVIIL,
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KXVIIL. Subtradlion of Degiees, ﬁi’z'izéter, and Seconds.

Examrrz I Examrre IL Exatgrre II1.
. Deg. Min. Sec. Deg. Min. Sec. Deg. Min. See.
From 107 40 49 From 221 47 23 From 28 457 49 -
take 97 §7 54 take 127 55 47 take 19 49 53
Tem. 4 42 &3 tem. 93 &1 26 rem. 8 57 56
Proof 102 40 49 Proof 221 47 23 Proof 28 47 49

Here at the Seconds, and at the Minates you borrow_ to, and carry one to the
Minutes and Degrees, becaufe So Sccorids make ¢ Minute, and 6o Minutes {
our.

XIX. Subtragion of fyuare Feet and fyuare Inches.

Examrrs I. Examerr IL Exasere II[,
Feet. Inch, Feet. Inch. Fect, Inch,
From 729 19 From g27 75 From 555 139
take 672 141 take 526 13% take 274 141
rem. 56 22 rem, 4oo 64 fem. 280 142
Proof 729° 19 Proof g27 75 Proof 555 139

Here at the Inches you borrow 144, and carfy t to the Feet, becaufe that 144
{quare Inches make 1 {guare Foot. :

XX. Sulbtradion of fquare Feet and long Deches.

Examrre I, Examere I Examers I11.
Feet. Inch - Feet. Inch, Feet. Inch.
From 127 7 From 271 3 From 53¢ %
take g3 1I take 136 10 take 429 1o
rem. 3% 4B rem. 134 7 rem, io; 6
Proof 127 7 Proof 271 & Proof 555 4

Here at the Inches you borow 12 and carry 1, becaufe 12 long Inches (whitd
are each 12 Inches long and 1 wide) malke 1 fquare Foor,

XXI, Subtrafion of fpuare Yard ﬂfmﬁr.ﬂ'z’. :

Examerz L ExAnrerns, IL Exaurce I,
- Wdai Feel. Yds. Feet. 3 Yds Feel
From 73 g Fram gz 3 From 47 5
take z1 4 take g7 & take 18 8
rem. 21 8 rem. g4 4 rem. 8 6
Proof 43 i Proof g2 3 Proof 27 'S

Here at the Feer yoi borrow g and carfy 1, becaufe g fquare Feet make f,
fquare Yard. 3
XXIL. Subtratfion of folid ¥Yards.

Exampre I, Examere 11 | Exsmere IIL
Fiom 45 21 Fram 72 20 From g7 19
take 46 26 take 49  z3 take g6 24
rem. 8 i IR L ¢ (] 22 fem. © 2%
—— P
- Proof g, .o 21 Proof 722 zo Proof g7 19

Flere at the Feet you borraw 27 and carry 1, bétanfe 27 folid Feét make ¢
folid Yard,

PG

- A
Xk
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XKL Subtradion of Squares, as of Flooring, &'e.

Examrre I Examrre 1L Exampre II.
Squ. Feet, Squ, Feet, Squ. Feet.

From 25 ¢8 From zg 11 From 127 86
take 1§ gg tike 21 5% take 97 0o
rem. g g9 rem. 7 36 rem. 2 87
Proof 25 o8 Proof 29 11 Proof 127 86

Here at the Fest vou borrew 100 and carry 1, becaufe 106 {fquare Feet make
1 Square of Work, as of Flooring, Roofing, I'yling, &%.

XXV, Subiraftion of Land Meafures. 1. Of fguare Statute Poles,

Examere I, Examere II. Exsmrre IIL.
Poles Feer. Poles. Fett, Poles. Feet,
From 592 120 From 275 si From 123 z70
tdke 72 152 take 223 127 take gg 271
Tem. 139 240 rem. 51 1g6 Tem. 23 271
Froof 192 7320 Proof 275 51 Proof 123 270

Nere, That altho’ a Statute fquare Pole contains 272 {quare Feer, and one
Quaiter, yer in thefe Examples the Quarter of a Foot is rejéfted, as it
ufually is in Bofinels, and the fquare Rod or Pole is allowed at 272 (quars
Feet oaly, therefore at the Feet, borrow 252 and carry 1.

1¥. Of Woedland Poles.

Examere I, Examrre 1L Examere IIL
Poles. Feer, Poles. Feet, Poles. Feet.
From 76 311 From z17 199 Ftom 279 138
tzke 36 . gz0 take 120 220 take 172 219
e et T e AT
tems 39" 375 rem. gb 403 rem. 166 243
Preof 76 311 Proof 217 199 Proof 279 138

Here at the Poles yon borrow 324 and carry 1, be¢aufe 324 fquare Feet make

i Woadland Pole.
- IIL. OF Forefl Poles.

Examrre I, Examrers 11, Exawmrre IIT.
Poles. Peet, Poles. Feet, Foles. Feet,
From 82. 399 From 594 322 From 123 138
take 71 439 take 437 440 take 75 378
rem, 10 401 rem. 156 323 tem. 47 294
Proof 82 sag Proof 594 322 Proof 123 138

Heve you borcow 44t and carry ¥, becaufe 441 fquare Feet, make 1 fquare
Foielt Pole,
XUV Subtrafion of deres, Roods; and Poles.

Examrne I, Exaurpre 11. Examere IHI.
Alcres, [ids, Poles. Acres, Kda.Poles. Acres.Rd;.Poles,
From 127 2 38 From 27 1 27 From1z0 1 19
take. g3 3 39 take 18 3 38 take 111 3 33
e ——— ——— iy e ——
dem. 312 Sag Tem. 8 I 29 rems 8 1 24
Ficof 127 2 a7 Proof 27 1 27 Proof 120 1 19
Here at the Pole yoit borrow 40 and carry 1, and at the Roods borrow 4 and

cany
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£arry 1 to the Acres, which {ubtra® as Integers, becaufe 4o Poles make 1 Rood,
and 4 Roods 1 Acre.
XXVI. Suktraffion of Troy Weight.
Exavrie L Exampre IL Examere. ITL.
5. Cun, Fwr.Gr. 15 Oun. Pwe.Gr, i5. Oun, Pwt. Gr.
From Zei g A 17 - From et 8 ap Iz oFrom vig: $ G @
take 37 11 19 18 ke 17 15 19 14 ke 83 100 17 12

*m. 7 g 14 23 rem. 3 9 18 22 gem. 43 6 17 17
Proof 25 g9 14 17 Proofzt 8 17 12 Proof12; 5 35 3

Here at the Grains you borrow 24 at the Penny Weights zo, and 12 at the
Ounces, becaufe 24 Grains make 1 Peany Weight, snd zo Penny Weights 1
Ounce, and 12 Ounces 1 Pound, ‘

XXVII. Subtrafion of dpothecaries Weight,

Examene I, Examzre II
th. Oun. Dr. Scr. Gr, 5. Oun. Dr. Scr. Gr.
Fromaz: g4 1 0% Fromixzz 5 3 I 17
LTS e 0 LA AR T take g9 10 7 ‘2 13
remz 2§ 4 1 16 rem.zy 6 3 1 1g
Proof 12 "¢ 4 1 1% Prook x27-- & 2 397

Here at the Grains you borrow 2o, at the Scruples 3, at the Drams 8, and
12 at the Ounces, becaufe 20 Grains make 1 Scruple, 3 Scruples 1 Dram, 8
Drams 1 Ounce, and 12 Ounces 1 Pound,

XXVIIT. Subtradion of dvoivdupoife FWeight.

Exemrrr 1. Examere TL
Hun. Qurs. {h. Oun, Dr, Hun.Qurs.i5. Oun, Dr.
From' 27 2. 2r 13 b Fromz2g 1 18 7 134
1 E R S TR A T i take' v .5 24 g, Az
rem, S .27 2L, 13 "t rem. 7 t 21§ g
Proof 27 2z 21 13 1a Proof 25 1 18 » g1

Here, at the Drams and at the Ounces you borrow £6. at the Pounds 28, and
4 at the Quarters, becaufe 16 Drams make 1 Ounce, 10 Opnces 1 Pound, :8
Founds 1 Quarter of a Handred, and 4 Quarters one Hundred.

XXX, Sublrafion of Beer Meafure.

—— .

Examere T, Exampre 1T,

Bar. Kilder. Firk, Gall. Quarts. Hog. Gall.
From.23. o o 2 1 From 22 57
take 18 L 1 3 5 take 18 62
rem. 8 o (o} 7 2 fem, 3 58
Proof 27 a o 2 1 Praof 29 [ 2

In Example I. borrow 4 at the Quarts, g at the Gzllons, 2 at the Fitkine and
at the Kilderkins, becavle 4 Quarts male ¥ Gallon, g Galloas 1 Firkin, 2 I'is-
kins 1 Kilderkin, and 2 Kilderkins 1 Barrel,
el 1 Example I1. at the Gallons borrow 63, becaufe 63 Gallons make 1 Hop-
fhead,

; E 2 XuX. 8:ub.
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XXX, Subtrafion of Wine Meafure.

Examrre I Examerz IL
Tuns Pipes Tier. Gall, Tans Pipes Tier. Gall,
From 57 a 1 35 From 20 o I 27
take 52 1 2 40 fake 13 i I AT
rem. 4 © 1 37 T80t S O Zar, . 25
Proof 57 0 1 25 Proof 20 o p

Here at the Gallons you borrow 42, at the Tierces 3, and 2 at the I’lpes,
bcrau{e 42 Gallons make 1 Tierce, 3 Tieices 1 Pipe, 2 Pipes 1 Tan,

XXX, Subtraciion of Diy Meafure.

Exanere.

Qrs. Sacks. Bufh. Pecks. Gall. Quarts,
From 30 o 2 2 o 2
take 49 I 3 3 1 3
em. 10 o b 3 o 3
Praof 50 o 2 2 o 2

Here you borrow 4 at the Quarrs, z at qulons 4 at the Pecks and Buﬂ1:.!=
and 2 at the Sacks; becaufe 4 Quarts make 1 Gallou, z Gallons 1 Peck,
Pecks 1 Bufhel, 4 Buthels 1 Sack, and 2 Sacks 1 Quarter,

RXXIL. Subtrastion of Timber. !

Exampie I, Examerg IL Exawrere 1T,
Loads Feet Licads Feet Loads Feet \
From 123 41 From 57 28 From 75 38 '
take 117 49 take 26 29 take 25 47
srermy i o b i Tem, 30 49 fem. 49 A4t
Proof 123 44 Proof 57 '38 Proof 75 38

Here at the Feet you barrow 50, becaufe 1 Load of Timber contains 50 folid

AIT. Subtrafiion of Plank 1 f'fft thick.
Note, Hoe Squure Feet ac one Inch thick, make 1 Load

Lixames L Examrrz II. ExamrpLE TIIL.
Loads Fect Loads Feet Loads Feet
Firom 127 435 From 372 472 From 725 500
1ake 28 gop take 203 gac . take 632 84 ,
rem. §8 426 rem. 198 347 rem. gz 516
RESS PR = e . .
Proof 127 | 428 Proof 372 472 Proof 725 500 E
L et PO

Here at the Feet'you borrow 6co, becanfe oo Feet malke 1 Load, asaforefaid,
Note, 1f the Thicknels of Plank be 1 Inch and half thick, then berrow 400 ;

if two Inches luck, borrow 300 ; if three Inches thick, borrow 200 ; and ldf cly
¢f four Inches borrow 150, becaufe

400 1 Inch and 17} thicknefs
2004 2 [nches make one
3 Feet at : &
200 3 luches Load of

150 4 Inches Plank
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XXXIV. Subtraition of Bricks.
Nete, 500 make 1 Load.

Examrre L ExameLe II, Examrre 1II.

Loads Bricks Loads Bricks Loads Bricks
From 27 491 From 14 57 From 23 372
take 13 499 take 12 4351 take 14 428
TEm. 13 4_9:: rem. I 106 rem. 8 444
Proof 27 491 Proof 14 57 Proof 23 372

‘Here at the Place of Bricks you borrow 500, and carry 1, becanfe oo Bricks
miake 1 Load.

XXXV, SubtraFion of Lime.

Examrre 1. Examrre II. Examrre III,
Hund. Eags Hund. Bags Hund. Bags
From z7 19 From 2z 1g From 18 13
take 14 24 Wilkely 7 21 tae 11 21
L rem. 1z 20 TeEm, 4 23 rem. 6 19
Proof 27 19 Proof zz 19 Proof 18 135

Here at the Bags you borrow 25 and carry 1, becaufe 25 Bags (which oughtto
be a Buthel each) make a Load of Lime.

' XXXV, Subiradisn of Sand.

Examere I, ExamrLe 1L Examperz TIL
Loads Balh, Loads Buth. Loads Bufh,
From 18 16 From z1 11t From 29 12
take 15 17 take zo 16 takeze 1%
-—'—-—Tr- — —— —
rem. z 17 rem. O I3 Tem, 3 1§
Proof 18 16 Proof 21 11 Proof 29 12
|
|

XXXVIL Subiragion af Time.

ExampiE
Months Wegks Days Hours Min, Seconds,
From 11 2 i 20 41 53
take 10 3 6 22 59 5
|
1 rem. © Z 1 20 41 54
Proof 11 2 I 20 41 52

AL As 1 have now given you 4 fuflicient Number of Examples, of all the va-
rious Kinds of Bufinels in general, and which I think are much more copious
than has been yet taught by all the Mafters that have wrete on Arithmetic, I
thall now proceed to Multiplicaticn, :

LECT. OF MurLrirLicaTioy.
E) Wihat is Multiplicarion ¢ ]
A o M. By Muliplication 1s meant an Increafe, and therefore to multply is
o inereafe from 2 fmall Number to a greater; and which being confidered, 1s
R0 more than the adding of dizers Mumbers together, ,
7 &or




34 Of MULTIPLICATION,

o For if 3 times 7 be added together the Sum is z1, as in the Margin: And
7 if 3 bemultiplied into 7, the Produét is 21 alfo. Hence *tis plain that
7 Multiplication is nothing more than a compendions Manner of adding
— Numbers together, and therefore may be called fhort Addition,
2r P. Pray, avlaris principally to be obfirwed herein 2
— M. Three Numbeérs or Members, which are called the Multiplicand, the
Maultiplicator or Multiplicr, od the Produét.

P. Pray, avhat is the Multipiicand, Multiplier, and Produfl 2

M. In every Multiplication, there are always two Numbers given to be mul-
tiplied into each other, which arecalled the Multiplicand and the Multiplier, or
Multiplicator, either of which being placed uppermoft is called the Muitiplicand,

and the lower the Multiplier; as for Example, if 8 be multi-
A 8 Muldplicand plied into g, as at A, then 8 is the Multiplicand and g the
9 Multiplier Muliiplier ; or if g be multiplied into 8, asat B, thang is
— the Multiplicand, and 8 the Multiplier, and the Number 72z,
72 Produét arifing by g times 8, and by 8 rimes g, is called the Produdt.
oy But however as it is belt to make the greateft Number of the
B g Multiplicand - two the Muldiplicand, therefore it is molt ufually dene, ob-
8 Maltiplier ferving to place the Units, Tens, €5'¢. of the Mulupticr, un-
— der the Units, Tens, &'e. of the Multiplicand,
72 Product
1. Muitiplication of Integers.
P. Hoaw is Multiplication perforned ? :
. The Multiplication of Integers is performed by the following Rules.
Ruie L.

Write down the Multiplicandand Multiplier under each other as aforefaid, and
draw a Line under the Multiplier to feparate it from the Prodpét, that arifes from
its firft Figure.

Rure T],

Moultiply every Figure of the Multiplier into the Multiplicand, obferving as
you proceed to carry one for every Ten, to the next Place, and fer the Remains
under it, and the Produs arifing from the feveral Figures of the Multiplier being
added together, their Sum is the general Produét of the whole Multipiication,

Rure I

When the Multiplier confifts of many Figures, as in the following Example,
the Product anifing from each Figure isto be placed by itfelf in fuch manner,
that the firft or righi-hand Figure thereof may ftand under that Figure of the Mul.
tiplicator from which the faid Produét arifes.

‘Thefe will be made familiar by the following Example.

Exaniers, Multiply 9254, by 7349, avhkich plece asin the Marpin.
Begin with g the frft Figure. of the Multiplier, and thereby
7254 multiply 2}l the Figures in the Multiplicand asfollows. Firft fay
7349 g times 4 is 36, fet down 6 and carry 3, for the chree Tens ;
then fay g times s is 45, and 3 1 carry is 48, fevdown § and
65286A  carry 4; then gtimes 2z is 18, and 4 I carry 15 22, fet down 2

290168 and carry 2 ; then g times 7 is 63, and 21 carry is 65, which
21762C being the lalt in the Multiplication therefore fet down 65, and
50778D that Produ@ will be 6:286, as 2t A, Proceed in the fame man-
—————— -—nerto multiply the remaining three Figures of the Multiplier,
£2.300,646 4, 3, and 7, into the Multiplicand, and their Produéls will be

as at B C and D, and which with that of A, being added to-
gether, will be 53,309,646, the Produét required.
] Ruis IV.
When Numbers given have one or more Cyphers at the right Hand, the Mul-
tiglication'may be performed, without Regard being had to the Cyphers, until
the Product of the other Figures be found, 1o which they are then to be annexed.

e {\S
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~—As for Example, muliiply 17 by 6o, as at

A ;5 2790 by 500, as at B; 237000 by 25, asat 17 a 237]oco
C; which being placed asin the Margin, and 6lo 25
Multiplication of the fignificant Figures being —_C
made, without any Regard being had to the Cy-  102]0 1185
phers ; unto the Sum ef their Produdls, annex or 474

add thereto as many Cyphers, as belong to both . 279lo

Multiplicand and Multiplier: fo to 102, in Ex- 5|oo 5925 oo

ample A, you add one Cypher, making the Pro- —

dutt 1020 : and in Examble B, to 1395, the Pro»  1395[c00

duce of 279, multiplied by 5, you add 3 Cy-

phers which makes the whole 1395000 3 and fo in like manner 592, in Ex-

ample C, by the Addition of 3 Cyphers, belonging to the Multiplicand, the

Produét is made 5925000, '
Ruwiz V.

When Maultiplication has any Cyphers -intermixt with its

other Figares, the Cyphers need not be regarded ; as for In- 92745

fance, the Produft 1956476663, is produced by the Produéts 20017

at A B C, which arifes by the 7, t, and 2 of the Muldplier, S

multiplied into the Multiplicand, without Regard being had Abigzig

the Cyphers in the Multiplier. B gz745

C 185490

185647666¢

In Multiplication it is of very great Ufe to know readily the Produtt of any
two of the nine Digits or Figures ; for which Purpofe this Table muft be learned

perfedly by Heart,
MurTiPLicATION TABLE.

1 f2)3)alsl6)7|8] 91z
z{4)5 |8 |ro]tz |14 16 | 18] 24
The Ufe of this Table is | 3 | 6 { g [12 {15 [18 sz 24 | 27 | 36
ealy, Suppofe the Produétof |—|—}—|—{— '
‘times gis required ; Look for 418 j1z |16 |20 j24 ‘28 32| 36 | 48
8 on the Side andgontheTop, |—|—
and againit thofe Numbers in | § }10 15 20 |25 30 i35 40 | 45 | Bo
the Angle of Meetingis 72z, |——|=—|— ———
the Produt required. So 7 | 6 f12 |18 |24 |30 |36 |42 148 | 54 | 72
times'g is 64, and § times 12 |—|—— —} e — — | —— —
Is 60, as in the Angles of | 7 |14 |21 28 (35 |42 |49 56 | 63| 84
Meeting you will find, and fo  |—|—| —|—|—1—"——
of all other Numbers, 8 |16 [24 |32 [40 |48 |56 (64 | 72 | 96
g 118 |27 |36 |45 |54 |63 |72 | 81 [ro8
1z |24 |36 |48 |50 |72 [84 Ig& 108 {44 |

RzavrLgs
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LsameLEs for Pradice.
Hxzamere X,
P s
Mule, ‘972403
i

Examrre HI
Mult. 7235

Examerz I,
Maule. 27980

by 200 by 3000 by 1000
5592000 Prod, E8c63z21 7235000 Prod,
e 2917209 LS

29178896821 Prod.
In the firlt Example [ contradled my Work, by placing the = of the Muluplier
under the Units of the Mualiiplicand, which fhould always be done, when the
otlier Figtites of the MulGplier to theright Hand are all Cyphers. In the fecond
Example, I contradted my Work, by omitting of the Cyphers in the Multiplier,
and multiplying only by the 7 aod the 3. In the third Example, I add three
Cyphers to the Multiplicand, becaule one neither multiplies or divides, |
Moultiplication of Integers may be performed withont giving any Trouble to
the Mind, in carrying on the Tens, according to the Rule I, as follows.
Examere L
Muleiply 8242 by 7, adin the Margin.
Operation.  Virll, 7 times 2 is 14, which fet down ; then 7 times 4
8342 s 28, which fet down, 2 before the 1, and 8 under the 1; then 7
7 times 3.s 21, fet 2 before the 2, and 1 under ; then 7 times § is 36,
fev 5 before the lalt z, and 6 under; laftly, add the two Numbers 522 144
and 618 together, as they ftand, their Sum will be the true Produtt
required,

e oy

e—

52214
618
58394

— e

Examere Il Mulaply 8254, by 3729, 4s in the Margin.

gB254 The Operation of this Example is the

3720 fame as the laft, only it is4 times repeat-

ed ; and when the Produ&@ of any Figure

BITA36/ ) Pkt AF : is lefs than 10, place a Cypher in the

Izgg } Produtt of the § Place, where if it had made 10, or more

TIGL08 J 1. . than 10, the Figure for 19, orabove 1o

8640 }“"d“ﬁ of the 2. muft have Iloorf, as you will fee in thc;

651328 lpo = Produét that ayifes by 2, the fecond Fis
ghigs -~ -§ gl gure of the Multiplier,

220112 {

2 g
RGi § Produél of the 3.

366389166 Produtt of the whole.

884286 Proded of the ¢.
196508 Prodult of the z.
68-978 Productof the 7.
294762  Produ of the 3.

For a Proof of this Manner of worl-
ing, I have fubjoined the fame Example,
worked after the comnion Method, 45
ac A,

306389166 Product of the whole as before.

As | have thus explained the Multiplication of Intezers, you are to obfesvs,
that therein is this Aralegy, wizm, A an Unit i to the Muliplier, fo is the Mal-

tiplicand t& the Produtl,

. Proy



ICATION. 3
i'f conceie qubat you mean £
one Load of Timbe

¢r colt g0

U

os, as in the] '\.In"zin, 1z
ifwwer s and therefore one Loag 50
the {ame Proportion to 50 8hile ——
s, the Muitipheand, doth to 6eo

the Produét, &
being confidered a5 an Unig, b
]‘n":. the Multipher, as 12 Loa
bmllmqs, the P.oJucl.
P. Tis wipry trae. Sir, pray proceed, for o wak
21. The nextin order is to fhew you, " how in ma i
¥our Multiplications, as blimvs
Conrracrron i, Yo
Rufe, Set down the Muldplicand
remaved one Flace, either towards the i
Aand B, whete at A ’tis placed ope I
Hand, and at B, one Place tow

to1y Gory
-~

it Newber ( fuppofe 7525) by 12,

ConrracTion [L

Rul-. Muliply the T‘m
obferving, as you proc
rext oo the right H

"]M'mucaml which, I
ureryou uull.j;vly by. A

aniple, mu L)

knjk A times 5 1§ then 4 times 2 13 debe
8, and z | carry is 105 Figure on i.m:wg'ﬁ GGz
Hand of 2 z, which, i ke ag, et dow T4
and carry 1 ; then 4 and ¥ Lcarry is 395 and 2, el
next [;bure on the Ri {er down g and carry 43 'I;\. 110650

4. times 7 ] 15 2q, autl 3
Ripht at ¢; is 40, {e
in the Muld pm.'i .d,
Figure's ar 4, muke
quired,
Coxrracrion I

¢ are no mote Figures
t unto, tlierefore adding the 4 to the lait
and the Proded is” 11050, 45 re-

Ri/e Multiply the Fizvredinte
and as you pie oceed, add the fav
oy the right Hand; to the Prog

4 ml.‘tm]v g9723, by 11

Firlt, 5 times
ro,and 2 ITcairy is 12, and § 3
tl.m § times :
25

'., g6, and 1 1

.;5; zt'h down 3 AN carry g

Rale. Multiply the Figu
and a5 you proceed, add l\
t tland, e-.':ep[m &unte

r‘}a!g. 1 RiY 7




Of MULTIPLICATION.

fedcha Firlt, g times 2 is 18, fet down 8 and carry 1 ; then g times 3 19
725432 27,and 1 [ carryis 28, ferdown 8 and carry 2 ; then q times 4 19

1oy 3, and 2 I cairy is 38, and 2z atais 40, fet down o and Carry 43
-~ then gtimes § isq5, and 4 [ carry i5 49, and g at 4 is 52, fecdown 2
79072088 and carry §; then g times 2 is 18, and 5 T carry is 23,apd 4at cis
27, fetdown 7 and carry z ; then g times 7 is 63, and 2 [ carry is
65, and g at dis 70, fetdown o and carry 7; now 7 I carry, and 2 at e is g, fet
down g ; and becaule you have nothing to carry 1o the 7 at £, thurefore fet down
7, and the Produc. will be 79072088, the Produdt required.

‘ 1L DMadliiplication of Decimals.

A1, Meltiplication of Decimals, both in placing the Meltiplicand and Muli-
plier, is the fame as the Multiplication of Intesers, only when your Work 1s
completed, you muit obferve, that with a Dafh of vour Pen, you cutoff'as many
Places of Decimals in your Produtt, as there are Places of Decimals borhin your
Maltiplicand and Multipiicr, and in cafe of want in your Produét, prefix Cyphers
to the left Hand.

It is alfe to be obferved, firl, That 3t will be convenient to muke that Nam-
ber the Multplicand. which contains the moft Places, thongh fometimes it may
be lefs in Quantity : Secondly, that if the Multiplicand and Multiplier be both
Lecimals, that is, beth Parts of Integers, the Produft will be a Decimal,
Lhincly, if the Multplicand and Multiplier be mixed, thatis, Integers and De-
cimal Parts of Intepers, the Produ@ will be mixed. Laftly, if the Multiplicand
and Maluplier be mized, and theoiher aDecimal, the Produd will be fometimes
mixed, and fometimes 1 Decimal.

Exayvre L Examere T1. Examnrre FII.
3 CF Integ, and Decimals. Where the Multiplicand
o234 is mixed, and Multi«
1,25 plier a Decimal.
e FE g0
e 1357
144090
72345 5068404
: - 3640350
Facit glogzizg 217226
2518693594

Tn Exauree I. of Decimzls alone, the Produl® is 5209016, that is, it is
240016 Parts of an Inmteger, or 1-divided into 18,000,000 Parts, beeaufe the
Denominator of every Decimal confifts of as many Places of Cyphers annexed
a 7, as there are Places in the Decimal,

In Exanwee L there being 2 Places of Decimals inthe Multiplicand, ¥ there-
fore have catoff 7 Places of Ficures from the Produdt, and the Produét is g Inte-
gers, and, o4z125 Parts of an Yateper, divided inte 10,050,000 Parts,

I Exampue FIT. T have alfo cut off 7 Places of Decimals, becaufe there are
4 Places in the Multiplicand, and 2in the Multiplicr, and the Produét is 25 In«
segers, and 8693504 Parts of an Integer dividedinto 10,000,070 Parts,

LY. Aaliiplication of Duadecimals, wulgarly colloed Crofs Multiplication.

As'in Decimal Multiplication the Integer is divided into 10, fo here it is di-
vidad into 1z Parts, as a Shilling into 12 Pence, or 2 Footinto 12 Inches.——
Anthe follewing Examples, I {uppofe the Integers to be Feet, and the Duodeci~
mals Inches. As this kind of Multiplication may be performed, as well by tak-
ing the Aliguot, or even Parts of 12, out of the Multiplicand, as will be imme-
diately fhewn, as by muitiplying the Multiplier intothe Multiplicand : Before
1 procced any farther, you are to oblerve, that the Aliquot (which are the even)
Parts of a Foot, are as follows, av=.  In 12 there is twice 6, three times 4,
s, wight gsigs 1 and &, and s2 times 1; and therefore,

»
a3

B i

four times 2, i fiz
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5 is a half, 4 is one third, 3 is one quarter, 2 isonefixth, 1 and halfone eighth,
and t one twelfth.—1In this kind of Multiplicasion there is a great Variety, as
follows.

1. To multiply Feet, Inches, and Parts, ints Inches, by aligust Paris.

Rutz. Place under the Multiplicand the Number of Times that the aliquot
Maltiplier can be had in the Fect, Inches, and Parts, obferving to begin at the
left Hand, and for every one that remains at the Feet, more than the Times
that the aliquot Multiplier can be had in them, to add 12 o the Inches, and fo
the like to the Parts, 7.

In Example I. 6 being contained twice in

T2, I therefore fuy the two's in 20 15 10, the Examrre L
twa's in 8 is 4, and the two'sin 6 i¢ 3 ; fo Feet, Inch. Parts,
that the Product is 10 Feet 4 Inches 3 Multiply 20 8 6
Pares, By oo 6 Tnches
In Example II. 4 being contained 3 times ———
in 12, therefore I fay the three’s in 16 is g Produft-1o - ¢ 3

times, and 1 remains, fetdown 5 under the16;
then the 1 remaining, being a Foot, equal to A

12 Inches, I add it to the 8 Inches, which makes Examrre IT.
20, and then fay, the three’s in 20 is 0 times, Feet.Inch Pagts,
fet down 6 uoder the Inches, and carry the 2 Muliiply 16 8 7

Inches remaining to the Parts, which 2z being
equal to z4 Seconds, and added to the 7, makes —
3t Seconds, wherein I find three 10 times, and Piaduét 5 6 10 4
I remains, therefore I fet down ie under the
Seconds, and the 1, being onc third of 3, the

4 Inches

aliquot Part, 1§ equal to 4 Secands, and the Examrere TII.
Produét o 5 Feet, 6 Inches, 1o Parts, 4 Se- Feet. Inch Parts,
conds., Mulciply 27 11 g

In Example IIl. 4 Inches being contaived By 3" Inches
4 times in 12, I therefore fay the fours in 27 —_—
is G times, et 6 under 27, and 3 remains, e- BESSeTary g
qual to 36, and 11 is 47, which contains 4 —_———

11 times, {et 11 under Tnches. ‘and remains 3, equal to 36, and g is 45, which
contains 4 11 times; fec 11 under Parts, and the remaining 1, being one Quarter
of 4, the aliquot Part is equal to 3 Seconds, and the Product to 6 Feet, 13
Inches, 11 Paits, 3 Seconds.

L. To multiply Feer, fuches, and Parts, futo Inchrs, by multiplying the Multiplicr
into the Multiplicard.

Rule. Firlt, Place a2 Cypher inltead of an Inteper, under the Parts of the Mul-
tiplicand, and the Inches of the Mulciplier, one Flace farther to the right Hand.
Secondly, multiply the fnches of the Multiplier into the Parts, Inches, and Feet
of the Multiplicand, as if they were Integers or whole Numbers, careying 1 for
every T2, and (etting down tie firft Remains, when any, under the Figure you

. muldply by, &e. ]

To illutirate the preceding Rule by aliquot Parts, T have here made Ule of

the foregoing Examples.

Exaxpie L FExameie IT. Exasrerz TIT.
Feet. Inch. Parts. Feer, Inch, Parts. Feer. Inch. Parts,
Aoa B G 2711 - g
@i b a4 o 3
1ol 4.5 % @ 50 6 10 14 e 3 R S

fn ExampleI. 6 timos 6 iz 26, fet down o, and carry 3, then G times 8 is4®
i MR | A1, ¢ P LI
Fz ant
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Of MULTIPLICATION, g

Operation, Firft, 7 times 3 15 33, {et

dowp 11 and carry 23 then 7uimks G35 Examers.

42, and 2 T carry 35 44, fet down & and | R S L0 R Y
carry 3 ; then g timesirn is 55, and 3 Multiply 51 6 5 by w1 g 9
]c'vry is 80, fer down 8 and caryy I g

6, which put ene Flace to the Left. —_—

Sceondly, g times ¢ is 45, {etdozng 68 & 11

an;‘ c.u,}'.j ; then g times € is 54, and 8 7 g g

3 Lcany is 57; fetdown g aad cary 1z6 10 5

45 then 9 times 11 is gg, o 4 Lcarry e .

13 103, fer down 7 and carry 8. Third- t2f TN & & LT

Iy, 11 times § is §¢, fet down 7 and
carry 4 ; then 11 times 06 is 66, and 4
i ' riw.n To and carry 5 3 then 11 times 11 is 121, and g [ carry is 126,

et down, and the Produ "l]:. 136 Feet, 1 Inch, 1 Purt, 5 Seconds, and 11

Note 1. matters wot mJ fff er *;Erz T‘#ff Tnches, or Pavtsde firft prudtiplied, fo thar

itz -‘:p(’;r any Nz t':u cji s and .f:fl"r inte aig N 'H-'n'af" vet aud Tackes,
Rule, Firft, Multiply the Feetinto themfelves as Ingepers. e ccondly, Inl tead
of mukiplying the Feer into the Inches, take the n :quo Parzs m a Fooat, as
often as they can be found in the Feet, t‘.wt 111nd nally ;
Rule I hereof) and halve them whenrequired. .]'u‘lu. Th
plied into leen]l'\.l\e» every 12 isan luch, the ?’\emz.ms arc Parts.
In Example 1. the Feet beiny Rt multiplied inte the
Feet, prm.l‘:..\_l to tlle Feer into the Inches as ff}l?ﬂ\bllmg:
l“l“. as 3 Inches is'the 4th of therefore by Rule L.

Iz,
find the foursin 218, {aying the z1 is 5 times, and
‘ : niay -;li's:
4 times, and z remains, :c‘(wn & and the 2
Tf‘ur.’l.i"il]a being the half of 4, therelare {et down half
z. 6 Jmhes ; then will 54 Feet 6 dnches,

which is eq qual to a quarter Part of 218 Feet, be the 544

Pradoét of 218 Fce[, mul..p:u:d inte 3 Toches. -Se- A 54 H
condly, As6 is contained twice in 12, therefore o mul- B 135

tiply 276 Feet into 6Inc'.1&=, 15 nomore tham to tale its I 6
half, or fay, the2'sinz is 1, levdown 1 at B, and fay;

the 2% in 7 isthrice, fet down 3 nextafier the 1, and 50486 7 ©

Carrying the 1 ta the 2, which males 12, day, the 2’
it 12ish umes, fet down 6, and thenthe Produd of 272
l‘uvt into 6 Inches, will be 136 Feet.. Thirdly, Multiply the & Inches into 3
ln(L._J, is equal to v Inch, G Paris; and the whole Pradu:l o 59486 Feet, 7

7
Tnchies, and 6 Parts.

In E}.‘.l:.j,.eI‘ Firft, as g Inches 1«t11|ccQ1rter-.af Examzug 11,
12, therefore to multiply s31 Feet into o Inches, firlk s I
take the halfof g31, w lmh 15 265—6 asat A, and the Mukiiply 752 9
haif of 265, which is 132—g as ar B. by 531 =2
Secondly, As 2z isthe fixth of 12, therefore take the
050 752, which is 1 255 as at €. Thirdly, The Inches T52
into themfelves, make 1 Fnch, 6 Parts, and the Whole 2256
be ‘z)n!" added as in Example L. is 3998 35 Peet, 4 Inches, 3760
\:' i.ms. ' Aabs 6
3132 9
$25 O
1 6
t 339835 4 O

In
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Exampre IIL

15

Multiply 392 1
32§ 11

1560
784
1156
7= G L 1
B g0
C g8
D65 4
Ep
127780 5y
Examrrs IV,
Fa
Multiply 524 4
37z §
1045
2668
1572
Arzy
Bz
C 8y

Multiply 523 4
ot it ol
by 512 8
1446
723
O =
DAy
A 250
B 13
{ 8 7'!_:1 6
Bz 6
4 8
= :
4

Exawere V1.
I7.
259

L.

i §

InExample 1II. Firft, As 1 Inchis the twelfth Part
of 12, therefore to multiply 325 Feet into 1 Inch, take
the 12% in 325, which are 27 1, asat A, Secondly,
To multiply 392 Feet into rr Inchés, firit take the
halfof 392, which is 196, as at B, whofe half is o8, as
at C ; and which two Produs are equal to 392 Feet
multiplied into g. Now as the Remains to 11 js 2,
which is a fixth Part of 12, therefore by Ryle I. rake
the 6%s in 39z, which is 0g Feet 4 Inches. Lafly,
The Inches multiplied into themfelves make 11 Patis,
and the feveral Produ@s added, are 127786 Feet, ;5
Inches, and 11 Pares,

InExampleIV. Firft, As 4 Inches is the third of 12,
therefore to multiply 372 Feet into 4 Inches, take the
3910 37z, which are 124, as at A, Secondly, As
In g there are 2 aliquot Parts of 12, iz, 4, which
is a 4th, and 2, which is a fith, therefore firit talce the
4's in 24, which are 131, as at B, and thén tie 6' in
524, which are 87 4. U'hirdly, The Inches into them-
felves, are 1 Inch 8 Parts; and the whol. Produ&t
‘195270, 5 loches, 8 Parts.

In Example V. Firlt,: Asin 7 Inches there ate tw
#liquot Patts of 12, oix. 6 whichis 4 half, and 1 &hich
isa fath, therefore to multiply 512 Feet into 7 Inche
firlt take the halvesor 2% in 512 Pee
asat A, then the 12% tharare in 434
Asin 8 there are alfo 2 aliquor Parts of 12, iz, 6 and
2. therefore to muliiply 723 Fectinte 8 Fnches, firf}
take the halves or 2% in 723, which are 361 6, as ar
C, and then the 6%, which are 120 0, as at D),
Thirdly, the Inches into themfelves are 56, equal to
4 Tacies, 8 Parts; and the whole Produc 270057 Feet,
4 Inches, 8 Parts, =

{wo
e

y I 5’
t which are 256,
sat B, Secondly,

In Example VI, Firft, As in 1o there are two aliquot
Parts of 12, @iz, 6 which is a half, and g which is a
third ; therefore to multiply 172 Feet into 1o Inches,
firll take the halves ar 2% in 172 Feet, which are 85,
as ac A, and thenthe 3's, which are §7 4 Secondly,
There being the fame aliquot Parts in the other 10
Inches, therefore firft take the halves or 2% inz5qg Feer,
whichare 129 6,asat C, and then the 3's, which are
86 4,asat D. "Thirdly, The Inches 1o into 1o equal
fo 1oo, are equal to 8 Inches, 4 Parts, and the whole

Produét 10 44977 Feet, 10 Inches, and 4 Pars,
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Thus have I given you a Number of Examples in all the Variety of odd Inches
that can happen, which, being well underftood, will make the Menfuration of
Superficies and Solids very ealy and deligheful to every Capacity. And incon-
fideration that fome Kinds of Works are performed by Yard Meafare, 1 fhall
thercfore, before I proceed to Divifion, fhew the Multiplication of Yards and Feer,

IV. Bluleiplication of Yards and Feer.

Note, 1ft, That Yards multiplied into Yards produce Yards. 2zdly, That
Yards multiplied into Feet every 3 is a Yard, the Remains more than 3 are long
Feet, a long Foot is one Foot in Breadth and 3 Feet in Length. 2zdly, Feet
multiplied into Fect produce Parts, which are lguare Ieet, 3 of which make 1

IO"g Foot aforelaid.

Operatisn. Firft, The Yards being multiplied as Integers, to Feet.
multiply 251 Yards into ¢ Foot, as 1 is the third Part of 3, the 273 1
Feet in'a Yard, therefore take the Thirds of 251, which are 202
83 z, as at A. Sccondly, As zis two Thirds of 3, therefore to 273
multiply 272 Feet into 2 Feet, take the Thirds, twice in 273, 1363
which ate g1, and g1 asat Band C. Thirdly, The Fect multi- 546
plicd into themfelves are two Parts, and the whole Product is =~ 4 33 2
equal to 68788 Yards, z Feet, and 2 Parts, B gt

> gl
The next Thing in Order, to conclude this Le&ure, is to ©g o

fliew, iE .

Hyms to prove Multiplication.
Rule. Make that which was your Multiplier your Multiplicand, and then
multiplying as ufual, if the Produét be the fame, your Work is trues if not
"tis falfe,

L ECT. V. OFDBTvis:on:

Lvifion is nothing morethan a compendious Subtra&ion 5 for as many times
D as the Divifor can be fubtracted out of the Dividend, {o many Units is the
Quatient, In Divifion there are foar prineipal Parts to be obferved ; wiz. 1. The
given Number which is to be divided, called the Dividend. =z. The given
Number by which the Dividend is to be divided, called the Divifor. 3. The
Number af—iﬁng from the Number of Times that the Divilor is contained in the
Dividend, which is called the Quotient 5 and laitly, a Number that {ometimes
happens to remain when the Divifion is ended, lefs than the Divifor, which is
called the Remains,

_ Divifion in general s per- DF E G Tableof Divilors.
formed by this Analogy, wize 3725)90725432(26664 3532  H  g725 1
As the Diviforis to r, |o is the [7450: 1 abode A 7450 2
Dividend to the Quotient ; y IERR o £ ]
which 1 fhall illufiate by the g23522, C 14900 4
following Examples. hz2350: L 18625 g
ExampLE. —: B' Z2350°006
It is required to divide i2475.04 M 26075 7
09725432, bysyz5: firkplace #2235 0: i
the Dividend and Divifor as at — O 33525 9
DE, feparated by a Crotchet as 12.404,3
F. Alfomake another Crotcher m 2236,00
a5 G to feparate the Dividend —
from the Quotient. Secondly, 7 16932
make a Tableof Divifors as in 7 14900
the Margin, thus tft, place
3725 and againft it fec 1; 2dly, g 20452 remains,
double 3725, asatA7450,and Lo
3 - sz8nd




OFDI'VISTON,
ainft itfet 2, fignifying, that 7450 i5 the Divifor z times. Thudly, Add
; 430 r.osred.u‘- which make r1173; 2s at K, againkt which fer 3.
Lol 175, add 3725, which make :4 00, asat €, and againft i fet 4,
}‘Iltlh, 'o 14g00, add 3723, which make 1862; jpasat L, and dgainil ivfet ;.
Procesd in ke “,Iamles, toadd the fek and laft .r_-f;r"lwr, until vou bave repeated
thie Operations g times, placing the Namber of T'imes againil cach, ~ Or other-
wite, multiply thh !u\uur 17 7:; by 23, 4. 5, ';, s 0 9, and théir Produds
will be 'lrru.:nftA K C L, B, M, %, O, "Fhis being done, the Work is very

"n; 15 thus mrfb.mhd Flln, As 3725 cannot |*c had in the firlt 3 Fignres
aithe idend g7, u°rtfore witder the fourth Fignre 2, make a Point; then
fay, how eften 3725 ingg72: Leok inthe Table of Divifors for the lels naar-
et Number to Gg72, ¥ }.u_r 15 7450, againft which fiands 2, asat A,

Plage z in the notlem, t 2, and 7450 pnder ggy2, as at f; and fubratt
7450 frem.gg72, the Remalns is 2522, as the fielt 4 Figntes towards the left
Hand at g, Secondly, Make a Point under ¢ 5 inthe [m n_cvd which bring down
and place againft zg522, as this, 25225 for a new Dividend. "1 hen fay, how

Joften 3735 16 25225 ; ; Took in the Table of Divilors for the nearelt lefs Number,
which 527350, azainit which r.‘.xds 6 ; place 6 i the Quictient, as at 4, and

22350 40 fer 2 23225, asat by and (dbtradt 22350 from 25225, the Remains is

285 thefirlt 4 Figures to the lefe at 4 I‘hlrd]_y, Point the next Figure 4,
in the Dividend, anid brmg it down to 2457, as thus, :.;'r\.]. at §, for afecond
new Dividend. — T hen f:y, hiow o[wn ; ; look in the Table of
Divifors, and the nearefl lels Number is 1gainft which ftands 6, as at B
p"r" & in the Quoticnt, as at ¢, and 22330 under 24974, as s at £, and fub Lra&

2z350ftom 24754, the Remains is 2404, as the {u 1 Figures to che left at /.
Fourthly, Icmt tue next Figure 2, in the Divid tend, and bring it down to 2404,
asthus, 24043, as at £ for a'third new Divilor. ' Then fay, hr\w aften 3723 in
240431 Look in the Table of Divifors for the nearelt lefs Number, which is
22350 (as before] apgainft which Fands 6 ; ],l'u:e, fiin the Qguotient,
t-nwr "x 3, 2nd the Remains is ;{J.;,_. as the firlt 4 Figures to

Fifthly, Point the nest and 1a% F’ru.r z of the ]}mt.m;'., and bring ‘

to 5 'J 3 A *h.‘ as at p, for a fourth new Divifor. Then {ay, how
< inthe'l'able of Divifors forthe nearelt lels Number,

h ihallLH 4 ; place 4 in the Quoticnt, as ate, and

act fdgon fiom r6y32, the Remamsiszog2

8y 57042 Pares of 3723, and svhich togeties
wihich maft bie fer in the Quotient, nexe alter

s many Points 2 are placed under the Fi igures of the Dividend,

¢ Figures will be in the Quaticnr.

of ’Im Fra&liou, or any othrr, in-the Pares of the Integer m’\r he
Admit he Jmu__ﬂ,‘s in this Bkample to be Pounds Stér -

iply 20388 the R
A

“n.ﬂ. loxm., as ac A

the Prod
t &

, and L

e (agtiecnt 1o are i

fivide the Prodoft 1
'rh“Q\fnL‘iel'-‘

*




Of DIVISION. 48

per of reducing this and other Frations, into the 3725) 13720 (3 Farth.
leaft equivalent Parts, is taught in Le&ure VITI. 1TE78

17 this Example be well underftood, it is fully ——
{ufficient for performing all Varieties of Cafes in 25435 rem.,
whele Numbers that can happen, and more efpe- e

cially when you have alfo learned the following
Contratlions in Divifies.

I. When the Divifor is 10, 100, 1000, & cut from the Di- A 15] 73200
vidend the fame Number of Figures to the right Hand as are B 100; 27313
Cyphersin the Divifor, and the Figures remaining to the Left € 10c0] 72354
are the Quotient required. So 7320, divided by 10, I cutoff
the lalt Fipure o, and 732 remaning to the Left, is the Quotient required, as at
A. Inlike manner, 27543, divided by 100, the Quotient is 27544 ; and 72354,
divided by 1eoo, the Quotient is 72:3%%, as at B and C, as the Figures cut
off to the right Hand are fo many Parts of the Divifor. And as in every of thefe
Cafes, the Divifor is decimally divided, therefore thefe Remains are Decimal
Fraftions; and tho' I have here fet their Denominators under each for Plainnefs
fake, yetin Prattice they are to be omitted, and the Frattions annexed to the
whole Numbers, as following. wiz. 10,732, not 10755, and 275,42, not 275
<43 and 72,354, not ja;3i4, of which I have already advertifed you in the
preceding Lectures. ]

II. When your Dividend and Divifor confilts of Cy- 63[o00) 7735/0c0 (122
phers to the right Hand, cut off an eqeal Number of
Cyphers in both, and then proczed as before taught: So to divide 7745000
by 63000, cut off threz Cyphessin each, and divide 7735, by 63, as in the
Margin.

111. If your Divifor have Cyphers annexed, and 1200)73254]79(b104; §22

your Dividend none, cut off as many Figures in A :
your Dividend, as there are Cyphersin your Divi- —

for, and then proececd as before, So to divide 12

=225479 by 1200, cut off 79, the laft two Figures 054

in the Dividend, and dividing 73254 by 12, the —_—

Quotient will be 6104, and & remains as in the 48

Margin. The 6 remaining, is to be placed before —_—

7g, cut from the Dividend, making it 679, and 6 rem.

which is the true remains, and the Numerator of —

the Fraftion 41, as ancexed to the Quotient.
To prowe Divifion.
Multiply the Quotient by the Divifor, and to the Proluét add the Remains,
when any, and if the Work be true, their Sum will be cqual to the Dividesd.

Division of Decivars. <

Divifion of Decimals is perforimed in every Relpet 2s whole Numbers, and

for difcovering the trune Value of the Quotient, thisia the general Ralc:
RuLE,

The Places of Decimal Parts in the Divvifor and Duatient, being accounted tagether,
weatfl m'ru.!.ﬁjy: ke fg‘zl,’.'l in Number avith thofe in the Dividend ; and .f/:?f?'r_ﬁlr.r as mény
Fivures as are cut off in the Dividend, fo many muff be cut off in the Divifor and
Qustient : or thus ; cut off as many Figures in the Duotient, as avill make thofe cuz
off in the Divifor equal to thofe in 1he Duotient ; always obferving, that if thire te
not fo many in the Quotient, to add Cyphers to the left Hand, dad alig, that
if your Dividend be an Integer, or have lefs cut ff than is in the Divifor, toadd
Cyphers ro the Dividend, till they are equaal.

This general Rule admits of foar Cafes.

G Gefz




46 Of DIVISION.

ExamrrE.
25,635) 4572,565 (182 Cafe v. When the Places of Decimal Parts in the

25,635 Divilor and Dividend are equal in Number, as in
iz this Example in the Margin, where both Divifor and-
210906 : Dividend are mixed Nuwmbers, then the Quotient will
zog5c8o : be all whele Numbers.
58265
51270
6995 rem.
Exawrre IL
&27) 7264,271 (17,012 Divide 7264,271, by 427, asin the Margin.
ATTE o Here the Dividend is a mixed Number, and the
e Divifor is I'ntegers, and as here are three Decimale
Zpgartes in the Dividend, and none in the Divifor, there-
2980 ~* fore cut off 012, the falt 5 Figures in the Quotiens,
~iia and the Quitient will be 17,012,
52y
427"
§ lolol S
954
147 rem.
Examrre TH. Divide 55 by ,01273, as in the Margin.
7500 (6o Here the Dividend is Integers, and the Divifora Decimal;
750 and feeing that 75, the Dividend, confifts but of two Places,
I therefore '1dd two' Cyphers to it, making it 7500, that
00 thereby both Divifor and Dividend may be made Fradtions,
— and by their being both of equal Namber of Places, there-

fore by Cafe 1, the Quorientis Integers.
Cafe 2. W’hen there are not {o many Places of Decisal Parta in the Dividend,
as there are in the Divifor, then annex Cyphers to the Dividend, to make them
equal, and the Quotient will be all whole Numbers; as in Cafe 1.

A Examrsz IV.
ST28) 3425, om (4724 ] ;725) 3425.00000(4724,13 Divide 3425, by 723, a:
zq00 * 2100 s in the Margin. Now here
.. B the Dividend being In.
£240 = Eekm e tegers, and the Divifor
5059 % i e Decimal, to bring out In-
.o —_— regers in the Quotient, E
1750 * B A add 3 Cyphers to 3425,
1450 * L4507 " the Dividend, and the
- = Quortientis 4724, and 100
1080 3000 * * remains.  But if tis re-
“2gco Zgoo *- quired to have the Quo-
T sés tient to a greater Exa&-~
_¥03 rem. 1000 * nefs, then I add a compe-
725 * tent Number of Cyphers
- . more, to the Dividend.
27L0. In the following Ex-
2176 ample, at A, in the Mar-
il gin, tis required to have
575 rem, two Places of Decimals,
—— alter the lutegral Part of

the
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the Quotient, where the Quotient is 4724,13, and 575 remains ; for by adding
two Cyphers more to the Dividend, than was required before to make the Di-
vifor and Dividend equal ; and cutting off the fame Number of Places from the
Quotient, leave 13 for the fradtional Part required, and 575 remains.

I'n this manner, by annexing of a greater Number of Cyphers, you may come
nearer to the Truth; but in all Cafes like this, where the Divilor is not contained
an exaét Number of Times in the Dividend, there will always be a Remainder,

Cafe 3. When the Number of Places of Decimal Parss

in the Dividend exceed thofe in the Divifor, cut offthe 7,54} 71,4038 (g,47
Excels of Decimal Parts in the Quatient. As for Exam- 6786
ple, divide 71,4038, by 7,54, as ia the Margin; where ey
the Number of Dzcimal Parts in the Dividend is 4, and 3543
but 2 in the Divifor ; therefore, as the Exeels 15 2, cut 3616
off 47, the laft two Places in the Quotient i

<

5278

o

Cafe 4. If after Divifion is finithed, there are not fo
many Higures in the Quotient, as there onght to be Places  43) 113975 (,00325

of Decimal Parts by the general Rule, then fupply their 129
Defedt by prefixing Cyphers before the Figures produced —_—
in the Quotient. Asfor Example, divide ,13G75 by 43. 107
Now here the Dividend isa Decimal, and the Divifor 1s 86
Integers, whofe Quorient is 325.  But as in the Dividend ey
there is 5 Places, ther¢fore, according to the general . 2115
Rule, I prefix z Cyphers before the Quotient 325, mak- 21§
ing it ,00325, which is the true Quaortient tequired. —
o

Niste, When any Decimal Fradlion, or mixed Number, is to be divided by an
Unit, with any Number of Cyphers annexed, remave the Separatrix, as
many Places towards the left Hand, as there are Cyphers annexed to the
Unit; foif 57,27 were given to be divided

fe, 52727
100, 15727

by < 1000, the Quotient will be 05727
10000, § ,005727
100000, ;0005727

Now, from the preceding Examples, it may be obferved, firlt, That when the
Dividend is fuperior to the Divifor, the Quotient is either Integers, or Integers
and Decimals: and laftly, That when the Divifor is {uperior to the Dividend,
the %otien: is a Decimal, and which in both Cafes holds goed in all other Ex-
amples.

LECT. VI. Of Repucrion.
EDUCTION is nothing more than Multiplication or Divifion, or both,
and its Ufe in whole Numbers 15 for changing Quantity oat of one Deno-
mination into another, as greater inte lefs by Muliiplication, or lefs into
greater by Divifion,

G2 ExXAMPLE,




48 of REDUCTION.
Bxamris L In 5287 fuperficial Feet, honv many fuperficial Inches 2
dere becanfe 1 (up:chul Foot-.contains 144 fuperficial Inches,

3
44 therefore mu!tlp]v £278 by 144, and the P. ngu& 7hcozz, as inthe
—— Margin, is the Anfwer rcqumd

5278

ooz

l

Exavrre 1L Jr "600""_/}*.‘:: feial Tuckes, Feav zany fuperficial Feel ¥

4) 760032 (5278  Hereyoudivide 760032 the Nu: nber given by 144, the

ﬁua.elncmsm a !rua-'c Eoor and the Quotient is 5278.
Now thefe two E) mp which ars converle to cach

other, iilufirates atl that can bf: done in Reduétions, and

therefore [ need only add the following Rules, by which

Reduglions in generat may be performed.

BE o e b % 4e e

o'rem.

Rule 1. 'To reduce Pounds into Shillinge, multiply the Pounds by 20, the Shillings
in a Pound, the Produét will be Shillings ; and to reduce Shillings into Pounds,
divide the Shl Ilings by 2o, the Quotiens will be Pounds,

Ruly 2. Toreduce bhxllnws mio l’enct, multiply the Shillings by 12, the Pencg
in abhl! ing, the Product will be Pence; and to reduce Pence into Shillings,
mvlde ihe Pence by 12, the Quorient will be Shilti lings

R.Jg 3. Toredoce fquare Yards into Feet, multiply the Yards by g the fguare
Feet in a Yard, and the Produtt will be Feet ; and to reduce fquare Feerinto
Vards, divide the Feet by g, the Quctient will be Yards,

Rule 4. jmedm_ folid Y.uf)s into folid Feet, mul iply the Yards by 27 the folid
Feet in a folid Yard, and the Prode@® will be folid Feer; and to wdurc folid
Feet intp folid Yards, divide the Fect by 27, and the Quotient will be {olid
1..rda
. Toreduce i'-lmre Statute Rods into fquare Feet, mu Itiply the Rods by

z% xj the {guare Feet in afquare Rod, and the Produft will be fquare Fest,

and to reduce fayare Feet i into fquare Reds, divide the Feet by 2721, and the

Yeotient will be fquare Rods.

Ruir6. 'To reduceSguares of Rogfi ng, Tyling, & into fquare Feer, maluply
IT. hqmvcs by 109, thefguare Fectin a Square of Warl, and the odut;
will be fquare Fn:ec And to 1educe fquare Feet into fquare Rods, divide the
Feet by 2721, and the Quotient will be {guare Rods,

Rade 7. Toreduce folid Feet mto folid Inches, muliiply the Fect by 1728, the

tamber of folid Inches in one folid Foot, and the Produéi wiil be {olid Tnches;
and 1o reduce folid Inches into foiid Feet, divide the folid Inches by 1728, and
ti\»;f gotient will be iz;m! Feer.
Ru'e 8. 'T'o reduce Loads of Tlimiber to {olid Feet, rr,u‘ntipl-y' the Loads by sa,
ahc. Numberof folid Feetin a Load of Timber, and the Produét will be folid
l"-:e:. And to redoce folid Feet into Loads, divide the folid Feet by 50, and
e Quotient will be Loads. - ;

‘1“. sie Rulvs, which are very plain, being underftood, will render the Reafon of
all viher Kinds of Redutlion eafy to the meanelt Capacity ; and as the Re-
pulion of Decimals will be belt L\ﬂdd‘l'éud when Vul'*ar Frad:ons have been

' esplained,
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explained, I fhall therefore proceed to the Golden Rule, or Rule of Three in
whole Numbers.

LECT. VII. The GoLpex Rute, or Ruie of Taree,
HIS Rule for its excellent Ufe is called the Goldin Rufe, and teaches to
find a foorth Number, which fhall have the fame Propartion to one of
three Numbers given, as they have to one another, and therefore is alfo called
the Rule of Proportivn. This Rule is Direst, Indired, and Campamt:f.

I. The fingle Rule of Three Diredt, finds a fourch Number in fuch Proportion
to the third, as the fecond is to the frft ; or as che fecond is to the firlt, {o is the
third to the fourth.

Examere I If the Diomoter of one Circle be 7, andits Circumference22, wbat
is the Circamfervence of anotber Circle avhofe Diameteris 14 Feet ?

Rule. Firkt place your Numbers as in the Marein, fecondly D.C. D. C.
mulriply 14 the third Number by 22 the fecond Number, and  7:22 12142144
divide their Produé 308 by 7 the fiell Number, the Quotient & & 22¢

44 15 the fourth Number and Aufwer required. —_
Now you mufl obferve that as the firlt and third Numbers 28
are slways of 1 ke Kinds, aéz. borh Diameters, {o likewife ure 28
the fecond and fourth Numbers of like Kinds, bemg both Cir-
cumivrences, of which the fielt is always given, and the lait is 7) 308 (44
the Anfwer required. 28
Nete, When the fourth Number is thus found, place it next ———
afier the third Number, with two Dots of Separation between 28
them as is done ate, The Jame Kind of Separation muil be al- 28
fo always placed between the firlt and fecond Numbers, as at —
g. But between the {fecond and third, always place four Dots o
or Points, as at 5. Thefe Points of Separation, fo placed, fig- —

nify the following Words, wiz. the two Points at a thus:, fignify the Words,
is to, the four Points at 4 thus 1 :, fignify the Words, /5 45, and the two Points as
e thus - fivnify the Word #0; and therefore the four Vambers, 7 222 :: 14 1 44,
are thus o be read, wiz. as 7 i to 22, fo 75 14 20 44. And fo in like Manner,
all other Numbers having the fame Analogy.
Examere .

1f the Circumference of & Circle be 22, whofe Diameter is 7, what is the Di-
ameier of another Circle whole Circumference is 44 2 -

Here the Natoie of the Queltion require: the two firft Num- Analogy.
bers to be placed the Reverfe to tholeof the foregoing Example; C, D. C. D.
for as there the 4th Numberrequired was the Circumferenceof 22:7::44: 14

a Circle, {0 here on the contrary the Diameter of a Circle is vl
required, But the Manner of working by multiplying the third —
Number by the {econd, and dividing by the firll, is the fame 22) 308 (14
here as before, as is {een in the Margin, where the Qnotient 14, . izzs
is the Diameter required. Now as in both thefe and all other ——
Examples in the Rule of Three Dire&, the fourth Number is 88
alwaysequal to, or more, than the fecond : S0 in the Rale of 88
Three Indire@ the fourth Number is always lefs than the fe- =
cond ; and as the 4th Number in the Direct Rule is found by o rem.
multiplying the fecond and third Numbers together, and di- —_

viding ol their Produét by the firft Number; fo on the contrary in the Indireét
Rule you multiply the firft and {econd into one another, and divide their Product
by the third, as following.
1L, The Ruie of Three Indirell.
ExaMPLE.
If 20 Men can perform a certain Quantity of Work in 50 Days, how long 2
Time will 40 Men be employed to perform the fame ?
: Rale.

a




50 The GoLpeN RuLk, o Rurt of THrEE,

Men. Days. Men. Days. Rule. Multiply 5o the fecond Number by zo
T T o R o e the firll, and their Produ@ 1000, divide by 40 the
20 third Number, and the Quotient 25 is the Anfwer

RN required.

40) 1000 {25

1IT. The Gold-sr Ruls Conpound.

Tn the Golden Rule Compound, there are five Numbers given to find 2 fixth
-in Proportion thereto, whica Numbers muft be fo placed, as that the three firlt
may contain a Suppofition, and the two luft a Demand. And that you may
place your Numbers truly, always abferve, that the firlt Number be of the fame
BDenomination with the fonrth ; the fecond of the fame Denomination with the
fifth ; and the third with the fixth required.

Exauprs I.
If 2o Bricklayers, in 136 Days, pecform 680 Rods of Brick-work, how many
Rods can 12 Bricklayers perform in 28 Days? :
Rule. Firft, ftate your Numbers as in the Mar-
M. D R M. D. gin; fecondly, multiply the two firlt Numbers to-

20 136 680 12 28 gether, =iz 136 into 20, whofe Produét is 2720,
z0 12 - as alfo the two laft, 12 and 28, whofe Produd is
336. Now the Anfwer to this Queftion is found
2720 330 by the Rule of Three Dire&, for making 2720,
{the Produét of the firit two Terms) the firlt Num-
2720 680 336 ber; the third given Nunber, 68c Rods, your
680 fecond, and 336 (the Produ& of the two Jaft) your
third Number; then 228480, the Produét of 680,
26880 multiplied into 336, the two firft Numbers, being
2106 divided by 2720 the Quotient is 84, as in the Mar-
in at A, which is the fixth Number, and the An-
2720) 228480 (84 A F'.fer required, _
91760
10880
10880
o rem.

To prowe the Golden Rule.

As the four Numbers are Proportionals, that is, the 4th is to the 2d, as the
3dis to the 1ft; therefore the Square of the two Means (which are the fecond
and third) are always equal to-the Square of the two Extremes {which arc the
firlk and laft:) that is to fay, if the Produt of the firft and laft Numbers, multi-
plied into each other, be equal to the Produét of the two middle Numbers multi-
plied together, the Work is right, elfe not.

: 50228480, the Produd of 336, multiplied into 680,

336 2720  which are the two Means of the lalt Example, as in the
A bSe B 84 Margin at A, is equal to 228480, the Produét of 84, mul-
- tiplied at 2720, thetwo Extremes of the fame Example,
245880 12880 asatB. Hence 'tis plain, that when the given Numbers,
2016 21569 inthe foregoing three Varieties of the Rule of Three are

trily ftated (and which indeed is the only Difficulty in the
o 228480 whole) the Manner of performing the Operations is very
ealy.

22848

LECT.
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L ECT. VIIL. Of Palsar and Decimal Fraétions.
L. Notation of Fraftions.

Frafion is a broken Number, fignifying one or more Parts, proportionally

of any thing divided, and therefore is always lefs than Unity. It confifts of
two Numbers fet one over another, with a Line between them, as £, which figni-
fies one fourth, of Quaster of an Integer or Unic; and foin like manner,  fig-
1ifies one half; 2 three foorthe; or three Quarters; 3 two thirds; jonethird ; §
three eighths ; £ five eighths, &¢. The upper Number is called the Mumerator,
and the lower the Demoninator. In all Eradlions, as the Numerator isto the De-
nominater, {o is the Fraétion itfelf to that Whole, of which it is aFration. Hence
'tis plain, that there may be infinite Fractions of the fume Value one with an-
other, for there may be infinite Numbers found, which thall have the fame Pro-
portion one to another. 8o 2, & %, are each of the fame Value as, £; and
3, % 5%, 1%, are cach of the fame Value with . When the Numerator is
Jefs than the Denominator, the Frafion is lefs chan an Unit, and therefore is
called a Proper Fraffion ; but when the Numerator is eitlier equal to, or greater
than its Denosminator, the Fradtion is called [mproper, becaufe ’tis equal to,
or greater than an Unit, So 3 is cqualto 1, as alfo 4, and ¢, &c. and S is
equalto 14, and § te 1 L. Fractions are fingle or compound: Single Frac-
tions are fuch as have but one Numerator, and onz Denominator, as § two
thirds, 3 three fifths, 7 nine elevenths, 3 five wwellths, &Fc. Compound
Fraltions are Fraftions of Fradtions, and are fuch as confilt of more than one
Numerator, and one Denominator, £ of .4 of 4%, thar is to fay, ons Farthing,
which is 1 of a Penniy, which is 3%z of a Shilling, which is )z of 2 Pound Ster-
ling. All Fra&ions, whofe Numerstors and Denominators are proportional to
one another, are equal to one another, as before obferved. So I isequalto %,
and £ 10 §, &% When Integgrs and Fraflions arc joined together, 2 13,
of 7.3 or 15%, they are called. mixed Numbers. Things commonly exprefled
by Frations, are the Parts of Coin, Weight, Meafure, &¢. So Inches are Frac-
tions, in refpeét of Feet, and Feet are Fra&tions in gefpeét of Yards, Rods, &3¢,
As Addition and Subtraction of Fraftions cannot well be performed without the
Know]edge of the Redeéion, I thall therefore firit teach you the Reduition.

I1. Reduiiion of Fulyar Fradfions.

By Redution you are tavghr, firlt, how to bring Fra&lions into their leaft
equivalent Parts, and their various Denominaters into common Denominators,
or into one Denominater.  Secondly, to find the Value of any Fradtion, in the
known Parts of the [nteger. And lafily, to reduce whole or mixed Numbers
into improper Frations, and improper Fradtions into mixed Numbers.

L. To bring FraFions inta their feafl equivalent Parts.

Rufe. TFipft, Divide the Denominator by the Numerator, and the Divifor by
the Remainder, if any be: thus continue to divide the laft Divifor, by the lait
Remains, ’till nothing rewain, and the lak Divifor is your greatell common
Meafure ; by which dividing the Numetator and Denominator, and their Quo-
tients being placed ia a frational Manner, will be 2 new Fradlion equal to the
given Frattion, and in the lealt Parts. )

- Examrre, Let $2, be a Fration given, to be reduced into its leaft
lerms.

Firft, the Denominator 819, divided by 637, 637) 819 (x
the Numerater, the Remaing is 182, a5 at 637

A. Secondly, the Divifor €37, divided by e

182 the Remains, as at B, the Remains is g1. A 182 rem.
Thirdly, the lat Divifor 182, being divided by

the laft Remains g1, a8 at C, and o remains ; 182) 637 (3
therefore gr, the laft Divifor, is the greateit 546
common Meafure required. Fotrthly, divide —_—
€37, the Numerator of the given Frallion, by B g

G,
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Co1)182 (2 gi, as at D, and the Quotient 7 is a rew
182 Numerator. Fifthly, divide 819, the De-

—_— nominator of the given Fradlion, by g1,

© rem. as at E,'and the Quotient g is new Lena-

minator, Laftly, the lIaft two Quotients,
D g1}637 (7 vew Numerator.  7and 9. being placed as at F, will be the
637 new Fraétion required ; and equal to §31,

the given Fradtion.

O Tem.

E g1) 819 (g new Denominator.
819

O rem.
F 3 new Frattion equal to §37.

Note, When it happens that your lafl Divifor is an Unit, the Fra&ion s in its
leaft Terms already, becaufe 1 neither multiplies nor divides.

1tis alfo to be obferved, that fome Fradtions may be abbreviated, by halving
poth your Numerator and yeur Denominator as often as you can, and-which
may always be done, when both Numerator and Denominator end with a Cy pher.,

IL. To reduce Jeweral Frafioms, avhofe Denominaiors ave different, into other
Fraitions hawing a common Dinominator.
Rule. Firft, multiply the Denominators into themfelves, and their Produdl iz
a new Denominator common to every Fradtion. Secondly, multiply every Nu-
merator into each Denominator continually, except its own, which (hall be new
Numerators.

Exameve, Let £, 3, $, be Frafions given, to be veduced into ather Fraflions,
avhich fhall bawe one common Denominator.
Operation.  Firll, 10 find the common Denominator, T fay, the

1 : ; ¢ > : .

i & Tenominator 2, into the Denominator 4, i3 8 ; and & inta the Deno-
2% 2§ #% minator 6, is 48, the new Denominator required, which place under
a b ¢ each Fraflion, as atz 5 ¢r. Secondly, to find the new Numera-

tors, I fay, the Numerator 1 into the Denominator 4, 18 4; and
4 into the Denominator 6, is 24, which I fet over 24 ata, Then the Na-
meraior 3, into the Denominator z, is 6, and 6 into the Denominator 6 is 36,
which I place over 48 at 5. Thirdly, the Nomerator 5, into the Denominator z
is To, and 10into the Denominator 4 is 40, which I place over 48 ate. Then
will 3¢, 3¢, and 3§, which have one common Denominator, be equal to the given-
Fradtions £, 4, £, as required.

1IN To fing the Value of any wulgar Fradfion in the knozun Parts of ths Integer.

Rale. Multiply the Numerator of the Fra&ion, by the known Parts of the next
lefler Denominator, and that Produ being divided by the Denominator, the
Quotient is the Parts of that Denominator required.

ExamprLz. How many Inches are contained in ;%% of a Foot,
75  as the next lefler denominative Parts of a Foot are Inchesi I
1z therefore multiply 75, the Numerator, by 12, the Inches in 2 Foot,

2nd the Produét geo, being divided by 100, the Denominator,

1c0) gloo (  the Quoticnt g, is the Number of Inches, which are equal to 8
—— as required. This may 2lfo be found by the Rule of Three
Dirett : For Toc: 123375 9o

If
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If the given Fraétion ;45 be Parts of a Yard, =43
and it is required to know how many Feet and In- Az
ches are eqoal thereto. multiply the Numerator 75, —
by 3, the Feet ina Yard, asat A, and theProded  100) z|zg (2 Feet,
225 being divided by the Denominator oo, the 25 rem.
Quotient is 2 Feet, and 25 remains. Now in all 12 InchesinaFoot

kind of Cafes, when a Remainder happens, multi-
ply the Remainder by the Parts of the nextlels oo} 3joo (3 Inches.
Denomination, and divide by 100, as before. So
here, as Inches are the nextlefs Denomination,
therefore the Remainder 25, being multiplied by g2, the Inches in a Foot, and
the Produét 300, divided by 100, as before, the Quoticnt is 3 Inches. Thefe
tWo Quotients, 2 Feet, and 3 Inches, are the Feetand Inches which are equal
to ;2% of a Yard, as required,

After the fame manner, the Value of 1{2 of a Pound Stetling, will be found
tobe 55. 64 29, which to find after having multiplied the Numerator into zo,
the Shillings in a Pound, which are the next lefs Denomination, and divided the
Produét by 480 the Denominator ; multiply the Remains by 52, the Pence in 2
Shilling ; and the Remains of that Produ, after dividing it by 480, multiply
by 4, the Farthings in a Peny, the nextlefs Denomination, &e.

IV. To reduce avbile or mized Numbers into improper Frafions, and improper

Fractions into mizxed Numbars.

Firft, If any Number be an Tnteger, and the given Denominator be 1z, it
is done by making an Unit the Denominator, and 12 the Numerator, as thus %2,
Sccandly, If the given Numbér be mixed, as%, then making 12 the Deno-
minator, add 7 to 12, equal to 1g, is the Numerator, and the Fradiion is thus
expreffed 12, Thirdly,. To reduce an improper Fration to'a proper Fradtion,
divide the Numerator by the Detominator, the Quaricnt will be Integers, and
the Remains, if any, will be a Numerator to the tormet Denominator, 8o §2
is 4 11, for gg divided by 12, the Quotient is 4, and 11 remains.

V. To reduce a compaund Fraliion inta a fingle Frafiion,

Rale. Muliiply all the Nomerators one into another for a new Numerator, and
the Denominators one into-another for a new Dencminator, which being placed
in a Fration, will be the Fraétion required.

So 1Ll of &, is 3L, thatis 11 Pence, which is 2% of a Shilling, which is
< of a Pound, is 1%, that is, it is yet 11 Pence, becanie the new Dendminator
240, 15 equal to the Pence in a Pound Sterling.

HI. Apprriow ¢f FracTions,

Before the Additon of Fradtions can be well performed, you muft firk obferve
to reduvce every given Fradtion to be added, into its leait T'erms, and then the
Work is very ealy, as appears by the folluwing Rules.

1. Yo add Fradions of the fume Denomination.

Bule. Add all the Numerators into one Sum for a new Numerator, keepia
the {zme Denominator ; and when the new Numerator is greater than the Dex
nominator, divide the Numerator by the Denominator, and the Quotient wiil be
the Intesers and Par:s.

S0 1f 3, 4% +%s 5% 359 De given Fra&lions to be added, the Sum of the Ny«
tierators added together, is equal to 32, and the I'raétion is 3 ; and as tho
Numerator 32, is greater than 12 the Denominator, therefore divide 32 by 12,
and the ()\uotient 152 .“fu cclual tQ 2_.}, o' 25 which is the Sum of the Fractiong
&5 required.

5

1. 7% add Frafions of divers Pensininations, |
Riudes Firlt, Reduce the Fradtions to beiadded into one Denomination,  2dly,
Add all the Nomerators into one Sum. zdly, If the Sum of the Numérgtors be
greater than the Denominator, divide the Sum of the Numerators by the Deno-
minators, as before taught, and the Quotient is the Snm required. But whea
the Sem of al] the Numerators is lefs than the Denominator, then the Sum of
the Fraionsis the ncw Numerator requirsd. i3} v,
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IV. SustracTion of Fracrions,

Rule. Firlt, Reduce the two Fra&tions into one Denemination. SECOHCUY,
Subwract che lefler Numerator from the greater, and the Diference is the Re-
mains required.

V. MusLTreiienrion of FracTions.,

Before Fraftions can be multiplied, if there be any mixed Numbers, they mugt
be reduced into inproper Frations, and if any are compound Frattions, they
muft be reduced to fingle Fractions ; and then the Fractions being all reduced
to the loweft Terms, this 1s the Rule

Firft, Multi;ﬂy the Numerators into each other, their Produ® is a new Nume-
rator. Sccondly, Multiply the Denominators into each other, and cheir Produ &t
isa new Denominator. 8o 2. multiplied by 2, the Produd is 1%, equalto § ;
and {0 ib like manner §, 5% 3, %, multiplied into each other, their Pradu& is
2%%% 5 which, reduced into the leaft Terms, is ;3%. Now from hence it it plain,
that the Muleplication of Fraftions is the very fame thing as to reduce 2 com-
pound Fration into a fingle Fra&ion, as was but now taaght in the Reduftion
of Fraftions. And fo in the fame manner, ten thoufand Fradtions placed before
cne another in a right Line, may be multiplied into each other.

VI. Duvision of EracTionas.

Before any Proceeding can be made in the Divilion of Fra&ions, that are
mixed or compound, and not in their lealt Terms, they mult be prepared as be-
fore was taught in Multiplication, and then proceed by the following Rule.

Ruls. WMultiply the Derominator of the Divifor; by the Numerator of the Di-
vidend, and their Suin is the Numerator of the Quotient ; and the Numerator of

“the Divifor, being multiplied into the Denominator of the Dividend, the Pro-
duét is the Denominator of the Quotient.
Suppole £ be to bedivided by 2, asinthe Margin at A then

A 6, the Denominator of the Divifor, multiplied 1nto 3. the Nu-
) N merator of t_he Dividend, the Px'odu& 15 15_3 for rhp .Numera:nr
B of the Guotient, and ¢, the Namerator of the Divifor, muolti-

3%) 2 (i3or § plicdinto 4, the Denominator of the Dividend, the Produ& 20
is the Denominator of the Quoticnt required. So,%, divided
be; 2. asat B, the Quotient is 32, equalto 5.

1G:

A general Rule for all Sorisef compouna Divifions. L. When there ira Fragion

in .'a:'gD.:f_!{/ar" wr Dizidipd,

Rule. Multiply the Divi{or and the Dividend by the Denominator of the Frac-

ion, addieg the Numerator to that, to which it belongs, and their Produéts be-
ing divided as Integers, the Quotient will be the true Quotient required.

So 271, divided by 7 §, the Divilor 7, multiplied by g the Deneminator of the
Fraétion, whole Produét is 63, being added to 8 the Numeratorof the Fradlion,
their Sum 51 is a new Divifor. And then 271, multplied by the Denominator
g, the Produt 2439 is.a new Dividend, which being divided by 71, the Quo-
tient is 3435 ; and foin like manner, if 2957 be to be divided by 27, then 27
multiplied by 8, the Denominator of the Fradtion, the Produdt 216 is the new
Diviler, and 2935, the Integers of the Dividend, multiplied by 8, and che Nu-
merator 7, added to the Produd, the Sum 2267 is a new Dividend. Now 2367,
divided by 216, the Quotient is 10222, equal to 2],

1. Wher there ave Fradionsin both Divijor and Dividend,

Rule. Firit, Reduce the two Frations into one Denomination ; {econdly, Multi-
ply the Divifor and Dividend by the Denominator common to both Fractions,
and to their relpe@ive Products add their Numerators y and then, theiy Sams
being divided as Integers, the Quotient wiil be the Anfwer required. Soif2752
be to be divided by 292, the two Fractions redaced into the {ame Denominaton
will be 78 and2%. Now 3g, the Integers of the Divifor, beiug maltiplied by 56,
and 26, the Wumeratorof its Fralftion added toit, is equalto 2224, which is a new
Divilor;and 275 - the Integersof the Dividend, multiplicd into 56, with 21, its new
5 Mumeraior,

Hel
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Numerator, added to the Produs, is equal to 15421, which being divided by
2224, the Quotient is 62221, which Fraction is in its lea® Terms.

VIL Repverion, or ratker the changing of Fulgar Fraftions into Decimal Frac-
tons, end Decimal Fraftioms inte Vi ulgar Frafions.

Rule. Antex as many Cyphers to the Numeratorsof the given Fraflion, as
You would have Places in the Decimal, which being divided by tlic Denominator,
the Quotient will be the Decimal required.

So to reduce £ into a Decimal of two Places, T add two Cyphers to 3, the

~umerator, makingit 300, which being divided by 4, the Denominator, the Quo-
tient 75 is the Decimal required, In like manner, if it was required to have had
the Decimal of 3 Places, then I fhould have added 3 Cyphers to the Numerator
3. making it 2006, which being divided by 4, as before, the Quotient would he
750, which isequal to ,75. For 155 15 equal to 1252, becanle cutting off the
Taft Cyphers in both Numerator and Denominator, this ;229 tHe Remains o
i then the fame as thie other Fraétion,

Vulgar Fra&ions may be changed into decimal Fradtions by this Analsgy, viz,
as the Denominator of the valgar FraQion is ta its Numerator, {o is the given
Denominator of the decimal Fra@ion to its Numeratorrequired.  So if .52 ha
2 valgar Fradtion given to be changedinto a decimal, whofe Denominatoris 100;
then as y20: g6+t 106 : 80, fo that 8o s the Decimal required ; and on the con-
travy, decimal Fraftions may be changed into vulgar FraGions by this Anatogy,
iz asthe décimal Denominator is to its Numerator, fo is the given valgar De.
nominator to its Numerator required.

Let - 2e 1o changed into a vulgar Fra&tion, whofe Denominator is 120, then
a5 160 : do:: 1261 g6, fothat — 55 is the volgar Fradtion required,

Note, Tt will happen #n many Cafes of changing vilgar Fraflions into deci-
mals, thar theré will be {till a Remainder althe’ you fhould antex ten thoufand
Cyphers to the Namerator of the given I'radtion’; and therefore it is to be noted,
that if you make the Decimal to confift of 5 or 6 Places, it will be near ensugh
in almolt every Cafc of Bufinefs, and the Remainder may be rejected as of no
Value
. Now there only remains to hew how to find the Value of any given decimal
Parts of a Foat, Pounds Sterling, &e. which is done by this

Rule. A Tultiply the given Decimal into the Units that are contained in the ]f.n.!pgg;-
{as in decima) Multiplication) and the Produsd avill be the Fatus of the Decimal.

Examepre L
Sappofe ,7852 be a given Decimal, whele Integer iz a Foot.

Here the Decimal 7952, multiplied by 12, the Inches or TTaics 52
that ave conrained ina Foot, which is the Tuteger, the Produ is 1z
Pal2g, which is g Inches, and ,4124 Parts of an Inch, And if we
luprele an Inch to be divided into toc Pasts, then multiplying 4124, O, 4124
theRe:nains, by voo, the Produét is 41,2400, which is 41 hundred 100
Parts of an Trch. and the Remains 2400, is 2400 Parts of one hip-. —————
dredth Part of an Inch divided into ten thosfand Parts. So thatre. 41,2400
Jelting this laft Remalns 2400, the Value of the given Decimal is g Inches and
41 hundred Parts of an Inch.

Examprne IL
Svppofe the aforefaid Decimal fignify a decimal Part of 2 Ponnd Sterling,

1T

L&

Then
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;7862 Then, ,78¢2, multiplied intozo, the Units, or
zo the Shillings in 1 . Shillings in the Integer or Pound, the Produtt

R 15,7040 s 15 Shillings, and 7070 remains, which
15,7040 being multiplied by 12, the Units in the next lefs
1z the Pence ints. Integer, wiz, the Pence in a Shilling, the Produdt
—— 8,4480 is 8 Pence, and 4,48¢ remains ; and which
84480 being multiplied by 4, the Farthings in a Peny,
4 the Farthingsini4. the Produétis 1,7920, which iv one Farthing, and
PEESE - »gzo Parts of & Farthmg, the Farthing being di-
1,7920 vided into ten thoufand Parts. So the Valueof the

Becimal ,784 2 Pare of one Pound Sterling, is 15
Shillings, 8 Fence, and : Farthing, rejetling the
lait Remains 7920, Thus, a due Regard being
had to the Number of Units, which are contained in the Denomination of the
Tnteger, to which the Decimal Parts belong, any propofed Number of a Decimal
may be reduced or changed inio the known Paits of what they reprefgnt.

L E C T, IX. The Extrafiion of the Square and Cube Rooks.
O extraé the fquare Root, is nathing more than to find the Side of a geo-
metrical Sqeare, whole Area is equal to a given Number of Units, which
are generally called a fquare Number. A fgquare Number is that which is pro-
duced by any Number muliplied fnto itlelf: As for Example, 16 is a fquare
Number, which is produced by 4 multiplied into 4. S0 in like manner ¢ isa
{quare Number, produced by 3 multiplied into 3. ‘The Sidcof a geometrical
Square, equal to any given Number, is called its Root,
In the Margin is a Table of fquare Numbers, whofe Roots are th.e
Ro. Sq. mine Digits, and which being nothing more than a Part of the Multi-
1 1 plication Table, itis fuppofed you have it already by Heart,

2 4
5 9
4 16
z5
g 26
7 49
8 &4
g 81
Let 672 be a Rost giwen fofind its fuare Number.

1672 Rule. Mulsiply 672 into itfelf, as at/, m,

m 052 whofe Produft s 45158y, the fquare Number

S required, and whofe Root is thus extraled,

1344 wiz, Firlt, Place a Point under the fislt Figure

4704 to the right Hand, as at ¢, and at every other

4032 Figure towards the Left, as at 4 and «; and ob-

ndef ferve, that as many Points as the {quare Num-

431584 (672 ber contains, fo many Places of Figures the

abcp Root will confilt of. Secondly, Make a Crochet,

30 as at # and p, on the right Hand Side of the

— {quare Nuomber, as is doune in Divifion; and

12.7)g1 .5 firlt Refolvend. note, that every two Figures {o pointed, are

889 called' & Panétation. Thirdly, Find in the

i Table the rearelt fquare Number that is con-

134 2)268.4 fecond Relovend. tained in the &irft Pun&ation to the left Hand,

;i 2684 iz, in 4%, which is 36, whofe Root is 6.

Place 36 under 43, and its Root 6 in the Quo-

o rem, tient, as-at 4, aund fubtraéting 36 from 45, the

Retnains is g, which place under 36, Thisis
yous
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your firk Work, and is no more to be repeated.  Fousthly, Bring down the next
Punation 1§, and join it to the Remains 9. making it g15, which is your firft
Refolvend, and on its left Side make a Crochet, as is done in Divifion to fe-
parate the Divifor from the Dividend. Fifthly, Double the Root 6, it makes
12, which place on the left of the Refolvend, as at g. Then rejefting the laft
Figure 5 in the Refolvend (which is always to be done) fee how often the Di-
vifor 1z is contained in the remaining Figures g1, which being 7 times, there-
fore put 7 in the Quotient ate, and alfo on the right Hand of the Divifor at7,
and muitiply 127, the Divifor increafed by 7, whofe Prodult is 889, which place
under g3, and being fubtratted from it, the Remains is 26. This bemg done,
bring down the next Pun&ation 84, and join it to the Remains 26, making it
2684, which is a fecond Refolvend, and then proceed as before, as follows, wix.
Firft, Double 67, the Root {o far found, makes 134, which piace on thelefr of
the fecond Refolvend, as at b, and fee liow often 134 is contained inthe Re-
folvend, the laft Figure excepted, wiz. in 268, which istwo times. Set 2 in the
Quotient at £, and on the right Hand of that laft Divifor 134, making it 1342,
which being multiplied by 2, the laft Figure in the Quotient, its Product is 2634,
which being placed under the fecond Refolvend, and fubtrafted from it, as be-
fore, o remains ; which fhews that 451584 is a fouare Number, whole fquare
Root is 672, as required. :

Note, Firlt, When the fquare Number contains 4 or more Ponétations, as the
Remains are produced, the next Pun&ation is to be brought down, and joined to
the Remains far a third, &z Refolvend ; with which you are to proceed in every
refpect, as before with the firft and fecond Kelolvend, Sccondly, That'if at any
time, when you have multiplied the Numoer ftanding in the Place of the Divifor,
by the Figure laft found in the Quotient or Root, the Produét be greater than
the Refolvend, then in fuch a Cafe, you are to put a Figere lefs by one, than
the former, in the Quotient, and multiply by it as before : and when the Re-
mainder be greater than the Divifor, put a Figure greater by one in your Quo-
tient, and multiply it as before. Thirdly, 1f at any time the Divifor cannos be
had in the Refolvend, then place a Cypher in the Quotient, and alfo on the
right Hand of the Divifor, and to the Refolvend annex the next Punétation for a
new Refolvend, with which proceed as before.  When ‘it happens, that afier
Extrafiion is made, there is 2 Remainder, the Nomber given to be extradled is
called an irrational or furd Number, and its Root cannot be exadtly obtained,
although by adding Cyphers yon may come as near the Trath as is required, but
never can come at the Truth icfelf,

As for Example, itis required to extradt the fquare Rootof 160

Firt,
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160 (1264911 Ficft, T]]g firlt Plz}u"lafipn being 1, the

. Squarc of 115 1, which place under 1, and
1 fubtradling 1 from 1, remdins o, fet 1 ia
the Quotient, and to o bring down the
next Punciation 6o, making the Remains

£8

E
2z (cbo firit Refolvend.

44 o.06c. Secondly, Double the Quotient
n p —ab T makes 2, which place for your Divifor
246) 1600 feeond Refolvend, at /. Now as 2 is contained 3 times in 6,
1476 if you was to place 7 in the Qugtient,

F o ed and 3 on the right Hand of the Divifor 2,
252.,4) 1z24c0 third Refolvend. as befofe tanght, to make the Divifor 2 ke
10095 then 23 maultiplied by 3 would be equal

O to 09, which is greatei than 6o, the £rf
2528,9) 230 (e0 fourth Refolvend. Refolvend, and therefore eannot be fub.
225661 tradted frooiit: Thércforein this Cale, as

& au Eh was before noted, place a Figure in the
25258,1) 279900 fifth Relslvend. Quotient lcfs by 1 than the 3. es, 2
252087 and the f:me on the rizht Mand of the Di.
gk vifor 2, as at s, and then multiplying
£32982,1) 25gigoo fixth Refolv,  the Divifor 2z, by 2 in the Quoiient,
2529821 the Produé is 44, which bemng placed

under the firlt Refolvend "o, and fub-

16zc70 rem. trafled from it the Remains is 16, Third-

ly, to the Remains 16, annex two Cy-
phers, as at 24, making it 1500 for a
fecond Refolvend ; and then proceeding as before, the noxt tagurenn the €
tient will be 6, and 124 remaiis, to w’@iich annex two Cyphers.miore, as af ¢ 4,
making the Remvains 124, 12400, which 15 your third Refolvend. Proceedin like
fhanner, by continually adding two Cyplicrs to each Reémainder, until you have
encreafed the Figures in the' Quotient to as many Placss as may be required.
I this Example 1 have eterealed them to § Places, which Iapprehend to be
tiear enough for any Bofinefs, for if Unity was divided into a hundred thoufand

arts, tiere would not be €wo Parts wanted ; for r264g11, being multiplied
into jufelf, its Prodeél is 150,0069837021, which is very near equal to16p, the
given Number to be extra®ed, and asthe Fraéion »0G36837921, 15 145 than the
Fradtion ,co00z, therefore the Root is not twé Parts of one hundred thoufand
Yirts of an Unit lefs than the Truths

Do extrait tie fpeare Root of avnlgar Frafios, avhich is commenfurabile toits Riots
that iz, a Fraciion aubich, after that Exiraciionis engdedy batk mo Remains,
Rule. Extra& the fqnare Roo: of the Numerator, for the Numerator of the

Rinot, andalfo the fguare Root of the Denominator, for the Denominator of the
{uid Root.

To exivad the
Revt; that 15, a Frafion acbic lon 75 Enclidy
Rule, Reduce the given Frattion into 2 Decimal, and then cxtra
before taughe; or find the integral Fart of the Root, ta its Quadrug
adding Unity for the Denominazor of the fradtional Pare, the Remair

doebled, is the Numerator.  $o the Root of t6o, in the foregoing Example, is

] .""' s .EJ'.‘.‘"‘-?"‘.'.‘!.""-'{.“ﬂ."’f‘.!' to 1is

£

5

a Remain,

5 Haot ag
1

and then

bl
ry Deihe

123%.

The Ex ‘on of the Cube Rost.
is that Number which is produced by multiplving any
and 185 Produdt again by the fame Number. So 64352 Cube

i Iiplied in 4, equal to 16, and 16 into
fed Quantity of Matter, put tog

; in the Form
gure ¥, Plate 1, and the Length os Mealure of one Side of fucha
led1i: Roat; sherefore 1o extradt the Cube Roo: of any given cubi-

cal
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cal Number, is nothing more than to find the Length of the Side of a Cube
which contains a Quantity equal to the Numer given.

Asda the fquare Roor, a Table of the 8quares of the g Digits, is
of Ufe for the réady finding the nearelt lefs Square in a Panttanon, fo Ro, Cy.

here a Table of the cubick Numbers of the nine Digits, 15 of very 1 1
great e for the immediate finding the nearclt lefs cubick Numberin 2 8
a Pundation, and is therefore placed in the Margin, and which isthus 3 27
made. 4. 62
Let 8 e o Root givven, to find its cubed Nembay. R T

Multiply € into 8, its Produdt equal to 64 is the Cube Number re- & 26
quired., ‘This is alio called the cabing of a Number, as fuppofing 7 343
8 had besn a2 Number given to be cabed, 8 g1z
9 729

e s m——m

To extral the Cube Reot.

Let 146363183 be 4 cubed Number given to find its Root,
Firft, Point the firlt Rigoretowards the :

Yight Hand, and then every third Figare d ¢ [ a be
towards the left, as at fed. Secondly, 146363183 (527
Look in your Table of cubed Numbers, 23

and find che nearelt lefs Cobe Numberto  g——
146, the £t Pun@ation, which is 125, 75} 21.3.63 frlt Refolvend,

whefe Root is 5. Place g in the Quo- b 150 ?

tient at z, and 125 under 146, and fub. ¢ 6o & Subducends,
tadting 125 from 146,the Remaingis 1. £ 8

Thisis your firt Work, and no more to ———

be done. Thirdly, T'o 21, the Remains, 15608, Subtrahend.
annex 363, the next Punétation, making %

21521363, whichis yourfirlt Refolvend. 811 3} §755:1.83. {econd Refolvend,
Now to find a Divifor, by which you are wr $6TA4

to divide this Refolvend, its two laft Fi- #7044 Subducends,
gures excepted, which are always to be 2 343

rejetted, proceed as follows, =iz, Firlt, e

Square the Quotient 5, makes 25, which 5765183 Subtraherd.
Triple make 75, which is the Divilor re- —_—

Quired, as atg. ‘Thenfay, the 55% in 3 rem,

214 [the Fiopures remaining in the Re- ———

~ [-4
folvend, exclufive of the two laft rejeéted
as aforefald) 15 2 times, equal to 150, which place under 213, asat b, and fet
Z In the Quotientatd.  Secondly, Treble 5, the firft Figure of the Roat, equal
to1g, which maliplied by 4, the Square of 2, the laft Figore in the Quotient
makes G, which place under 150, onePlace forward to the right Fland, as at 7 ;
alio Cabe 3, the lat Figare of the Quotient, equal to 8, which place under 6o,
ong Place more to the right, as at 4. Thenthe g Subdacends; 150, 60, and 8,
being added as they fland, their Sum make a Subtrahend 156c8, which being
fubtracted from the 6% Refolvend, there remains 57555 0 whichibring down
and annex the next Pun@lation 183, making 5755183, for afecond Relolvend,
vith which you ate to proceed, as before; but to make the Performance guize
ealy, I wiil explain this Repetition alfo, as follows

Hirdt, Find the Divilor as tollows, wiz. Square 52, the Quotient already found,
makes 2704, whichtrebled makes 8112, the Divifor required. ~Then fag, how
often 8112 n 57551 (for here, as before, the two laft Fipures 83, of the Refol-
vend, are to be rejetted) anfwer 7 times, equal to §6734, which place uader
575351, of the Relolvend, and fet 7 in the Quosientat ¢, Secondly, I'reble 52,
the fict and fecond Figares of the Root, equal to 156, which multiply by 29, the
Sguate of 9, the Ialk Figure in the Quotient, makes ich place ynder

56754,
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56784, one Place more to the right Hand, as at #; alfo Cube 7, the lalt Figure in
the Quotient, equal 0 343, which place under 7644, one Place more to the right,
as atp, Thenthe I:hrt‘“ Subducends 567384 atm, 7044 at #, and 343 at p, bemb
added as they Itand. their Sum make 2 &ub*la'und, 5755183, which being fub-
rratted from 5755183, the fecond Relolvend, nothing remains; which fhews that
the given Number 146363183 isa CubeNu mb..r. whofe Rootis 5 527, as required.

Note I Asm s !‘:m:tc tious as any ziven Number contains, except the firft, famany
2imes is the Work to be r'r,’]f."ta'c!.

I1. :‘"z. in all Bxtratiions, when e Divifer cannot be fonnd [o often as once inifs
i .w.rm or if i canbe found, and yet thevs jum!arr_/ﬁ aSubtrabend greater than the
R folwend, tor both thefe (,.fzjvc a Crpher mufl be put in the PDustient zad anntxed Vo 1he
lajt Diwifir aljo, f » a neww Diwifer 3 and the next Pawh‘rrh,zz being brought dowin and
added to the laft Refolvend, makes a neay Refoluend, with avlich proceed in every
Rifpel? as before.

LI, When Numbers remain after tlie Jaft Subtrahend is {ubtradted fromthe
Jaft Refolvend, which very often happen, fuch are called irrational or furd Num-
bers, becanfe their Roots cannot be exaétly difcovered. Butif no fuch Remain-
der, you annex three Cyphers continually, as you did two Cyphers in the fquare
Root, yon may come very near to the T'ruth, as was there fiewn.

To r,X'l')"”:? the Cube Rost ¢ of'a Vulgar Fratflion, which is commen rable o its Root,

Rulee Extractthe Cobe Roat of the Nuomerator for the Numerator of the
Root ; and the Cube Root of the Denominator for the Denominator of the faid
Rooe,

T axiralt the Cabe Reot wearly, of a wnlrar Fraftion remaining, inconmenfuralbie
to it Roet.

Ruje.. The integral Part of your Root being ficlk found, as beflore taughe, to
the Treble thereof add one, and that Sum added to the Square of thelaid Root
tripled, is & Denominator; to which the lalt Remainder, after Extrattion is
finifhed, is the Numerator.

A Tasre of the Roots of all fyuare and enbed wwhole Numbers, from 1 t050, cals
culated by Thomas LANGLEY.

R.8q.Cube.  R.Eq. Cube. R. 8g. Cube. R. S3. Cube,
Bl 2 t4l1gb) 2744 27| j26{19583] [40{tben] 61000
E —#‘m 15]aa; —;5 8 784121952 ;_: 1631} 68921
: —u‘.ﬁﬁz— 4046 2g| 841124389 4211764} 74088
ﬁ;-:;hl—l_i _EE;; 3| GOhIjzg7a1 1-:- [93(\? 85-134_
_6]-7(;._2:-} ; 'l’:\?_xi'. ‘3{363 +_5 zqgs 9[]15
_’r——; _:3 ;roﬂg 35987 ‘:j’."'?z:xé 97336
_8: . 51".‘ ; 1156139394 :,‘-1_;9 103823
"); £ 3| T2 35| 1228 18l2304{ 110592
—_—— - o | iy
m’lcf"mcc 26l 1290146656 49iz40 01 17640]
vz :? _“ :E:; J_c ;5_(:; L2000

13911521 593N Thus
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Thos have T given all the ufeful Rules in Vulgar and Decimal Arithmetick
both in whole Numbers and in Fra&ions, which it well confidered will be, not
enly very foon and ealily undeiftood but vaftly advantageous to every Works
man, in the Execation of his Imploys. And as a perteft Knowledge horein may
be foon acquired by employing the leifure Heurs of Evenings when the Labour
of the Day is over, I humbly conceive that every one who will fo employ him-
felf will find, not only a very agreeable Amufement, bat very great Helps inthe
Performance of his feveral Works, exclofive of the Reputation that will attend
him allo. But fuch Pérfons who will be [o remifs as to lay by this Work in their
Cheits, ¢°c. without taking either Pains or Pleafure herein, cannot expect thag
Advantage, which others will cnjoy.

PART II. Of GromMETRY,

INTRODUCTION,

HE next Seience in order after Arithmetick is GeomeTry, the moft ex-
cellent Knowledge in the World, as being the Bafis or Foundation of all
Trade, and'on which all Ares depend.

GeomeTr Y is{peculative and practical ; the former demonftrates the Proper-
ties of Lines, Angles, and Figures ; the latter teaches how to apply them to Prac-
tice in Archirecinre, Trigonemetry, Menfuration, Surweying, Mechanicks, Perfpeiize,
Dialling, Afironomy, Nawigation, Fortification, kc. This Art was firfl invented
by Jarar the Son of Lanzcn and Apam, by whom the ficit Houle with Stones
and T'rees was built.

Jazar was alfo the firft that wrote on this Subjeét, and which he performed,
With his Brethren, Juran, Tusar Carv, and Naaman, who together wrote
on two Columns the Arts of Gevmerry, Mufick, avorking in Brafs and Wiaving,
which were found (after the Flood of Noan) by Hrrmarines, a Defcendant
from Noah, who was afterwards called Hermes the Faher of Wifdom, and
Wha taught thofe Sciences to othermen. S0 that in a fhort Time the Science of
Georesry became known to many, and even to thofe of the highelt Rank, for
the mighty Nimrop King of Baby/sn nnderftoed Geometry, and was notonly a,
Mafon himfelf, but caufed others to be taught Mafanry, many of whom he {ent
to build the City of Nizewe and other Cities in the Eoff. Anranamwasallo a
Geometer, and when he went into Epyps, he tapght Evcrip, the then moff
worthy Geometrician in the World, tac Science of Geometry, to whom the
whale World is now largely indebted for bis unparalleled Elementsof Geome-
try. Hrram, the chief Conduétor of the Temple of Sclogon, was alfo an ex,
cellent Geometer, as was Grrcys, a carions Malon who worked ac the Temple,
and who afeerwards tanght the Science of Mafonry in France, :

Excrans wasentirelyunasquainted with this noble Science, yntilthe Time of
Bt. Avsan, when Mafonry was then eltablithed, and Gesmesry wastanght to moif
Workmen concerned in Building ; but as foon after, thisKinodom was frequently
invaded, and nothirg by Troubles and Confufion reign'd all the Land over, this
noble Science was difregarded until ATeELsTarn a worthy King of England
fupprefs'd thofe T'emults, and brovght the Land into Peace ; when Geametry and
Majonry were ro-eflablithed, and greatNumbers of Abbeys and other ftazely Build.
ings were erected in this Kingdom. - Epwin the Son of ATHELSTAN Was
alio a great Lover of Geometry, and ufed 1o read LeBures thereof to Mafons, He

I
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alfo obtained from his Father a Charter to hold an Affembly, where they would,
within the Realm, once in every Year, and himfelf held the &rit at 2or&, where
he made Mafons; fo from hence it is, that Mafons to this Day have a grand
Meeting and Feaft, once in every Year. Thus much by way of Introduéion, to
fhew the Uf, and how much the Science of Geometry has been efteemed by
fome of the greatel Men in the World, and which with regard to the publick
Good of my Country, I bave here explained, in the molt plain and ealy Mauner
that I am able to do, and to which I proceed,

LECTURE 1. Geometrical D:finitions, Plate 1.

HE Principles of Geometry are Definitions, Axioms and Poftulates, Def-
nitésns are the Explication of {fuch Words and Terms which concern a Pro-
polition towards rendering it intelligible and eafy to the Undeiftanding, avoiding
in Demonitration all Difficulties and Objeftions. 4siams are fuch evident T'ruths,
as are not to be denied, as one and one are two, two and twoare four, &c.  Poffa -
fatesare Demanas, or Suppofitions of things pra@icable,and the Manner of doing
them 1o ealy, plain, and evident, that no Man of Senfe and Judgment can deny
or cont f them, fuch as to draw a Line by the Side of a Ruler, from one given
Point to ancther, :
Quaxvivy is confidered in three different Manners, wiz. Firft, Length with-
out Breadth, as an Interval or Diftance between two Points.  Secondly, Length
with Breadth only, asa Shadow, &c. Thirdly, Length with Breadth and
Thicknefs, or Depth, as a Brick, é&5c. The Bounds or Limits of Luantity arz
Points, Lines and Superficies.
Difid. Of o A Porny, ip the Praflice che‘oms_tr}(, is.the fmalleft Objett of
P Sight, that can be made, and which is fuppofed to have no geo-
metrical Magnitude, capable of being divided to onr Sight, 2nd is
made by the Paint of a Pin, Pen, Pencil, £5¢. as the Point A. Plate I.
Tuz Varigties of Points, and their particular Derominations are many ; as
Def. 2. OF a {;u-' Exam_plc, ifa‘Plc_int bc‘alﬁigucé, 1n any cert_ain P_}ac.c, 48 the
oint b, in the Line a 4, 'tis called a giwen Poiut, from whence
the Line & ¢ proceeds, or to which the Line 4 ¢ 15 drawn from
Def. 3. OFa the End_or Point c. Secondly, v h::!;z_t|1c two Lines cuta-ci ?jfa-_cach._
Pt vof T other, s ey py, oredy i fy :hcji oints z and g, are called / aints of
Yerfiszion, Tnterfeciion; and when fuch a Point happens to be in the Middle
” of a fuperficial Figure, as g, "ds eallid its Centre, or central
Def 4. OF . Peint. Thirdly, when tvo Lines meet together, and flop in one

given Poiut.

an angular Point, as £ m, and =/, in the Point s, fuch a Point iscalled an
Paint, erguler Point,  Fourthls, il two Lines touch one another, but do

Dif. 5. OF notcut 3 cn_'oﬁs' cach othier, as at B, the Point of rouch B, is called
@ Point of the Point of Contadt, . - : j :
Conial- Tuere are many other l\::_n}s of Poinzs, in the foveral Parts of
Mathematicks, which at prefent do npt concern vs 3 as for Exs
ample, in Perfpetive there are Points of Sight, Points of Diltance, vifoal Points,
Ze. which will be better underftood hereatter, when I come to explain the Prin-
ciples and Fradtice of that Are, .
Def. 6. OF : Wa :I;. Quantities are cn_n{ideredjas Lenlgth'- only, they are clfll_]u-:l
Thgrss S Lines 3 th -ch: of Lengths with Breadrths 0::.::'. are called Sr.‘ﬁfr)':r:r:;:r 3
Firs nd S and thofe of Lengths, Breadihs, and Depths, are called Sofids, or

id Bodics.

ids. e ) ; ] i : .
Kinds'of Uue Kinds of Lings are three, wiz. a right Line, a cwaved Line,
Liis: and a mixed Live. )

A
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A ricuart Line, isa Length withont Breadth, as the neareft
Diftance between two Points ; but in Praftice, 'tis a ftreight Line,
deferibed by the Motion of a Pen, Pencil, &c. drawn by the Side
of a ftreight Rule, wherein its vifible Breadeh is not confidered, asa 4.

A QCurven Liwe, is any Line thatis not a right Line, and Dt 8. O
therefore all crooked, arched, or bended Lines, are curved Lines. =9 o de
There are many Kinds of curved Lines, namely a circular o “%7¥8% Lives
arched Line, as E, Fig. II, an elliptical or oval Line, as 2 4, oré m/, a
Parabolical Line, as av = y, a hyperbolical Line, as 123, a2 ferpentine Line, as
B, 3 rampant arched Curve, as F, and an irregular curved Line, as . T here
are alfo many other Kinds of Curves, as the Epicyeisid. Cyeloid, Algebraich Curae,
Logaritbmetical Carve, Cifls:d, Catenaria, Ewolute Curwe, Catacanflick ane Lig-
cau/lick Curves, Helicoid Parabsla, or Paraboiick Spiral, &c. it as they have
no Relation to the Bufinels of Builders, for whom this Work is only defigned, I
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Def. 7. Of
@ right Line.

thall forbear to fay any thing of their Generation and Ufe.
A.Circuran orarched Line, is that whofe Curvarure or Bend-

ing is the fame in every Part, as £'c e, Fiz. IL.

An oval orelliptical Line, is {o called, as beinz a Part of the
Bmmdary of an Ovalor Elliphis, as 7 4/, and the Linesau x 5, and
123, are called parabolical and hyperbolical Lines, as being the
Boundaries of a Parabola, and of a Hyperbola.

A ServexTINEe Line, as A, is fo called, from its being like
the Form of a Snake when 'tis travelling along; and the Spiral
Line B, may be alfo calicd a ferpentine Line, as reprefenting a
Snake when coyl'd up. The Artinatural Line C, iz {o called
fiom its being anardficial Reprefentation of the natural Turnings
and ‘-‘v’inc!lng:. of Brooks, Rivers, &e.  The rumpart Curoe IF, 15
called fo fram its rifing higher on the one S:de than on the other.
Aund laltly, the Curve D, is called irregular, as not having any of
#ts oppolite Parts equal. The cireular Linzs ofed in ArchiteQure,
are gither fingle or compound, asin Fiv. 1il, The Mouldings
compoled of fingle Curves, are the Ovolo A, the Cavetto B, the

Defg. OfF
a circular or
arched Line,
Def 10, OF
an eiliptical,
paraboical,
and byperbo=
lical Lineg.

Reafons auby
#he Serpentine
Spiral, arti-

natural, raprs
punt, andir-
vegrlar Lines
are Jo called,

Apophyges E, the fingle Aftragal G, the double Aftragal H, the Flate M, the
Fillet N, and the Bead I. The compound Curves are the Cima Reéla C, the Gix

ma Inverfa D, the Scotia F, and the Violute K.
A mixeo Line, is both right and corved, as fedc d a, Fig.
Vi being compaunded of the right Lines £e, d ¢, 2 &, and of the
*Wo curved Lines e and 6. Lines are diftinguithed into £aite
and infiniie, alfo into apparent and aceule,

A rinite Live, is aknown Lengeh, baunded by two known
Points, a5 the Line g &, Fig. 1V, and therefore 2ll Lines of known
Lengths, are finite Lines.

Ar jafinite Line, is that whofe Length is undctermined, or
cannot be known, as the Diameter of the Univerfe, £5c.

An apparent Line, isa Line, defciibed by the Poinc of 2 Pen,
Pencil, &Fe, as g'h, Fig. IV,

AN occult Line, is drawn or deferibed with the Paint of a Pair
of Compafles, and in Pratice is always cxprefled by Points, as
i &, and therefore is made generally a dowed or pricked Line.

Lines have their particalar Denominarions, according o their
different Pofitiors and Propertics, as following. Firf, If a right
L_,ine as z, Fig. 1V. ftand on a Line, as on b, foas not to incline
cither to the right Hand or to the Left, itisthen called a perpen-
dicalar Line, and that the Line 4o being firlt made, is called a
stven Line. Seeondly, If a Line be level with equal kuclination on

Ia

Difi11. OF

a mixed Live,

Def. 12, OF

a finite Line.

Defing. OF
an infinite
Line,

Dif vq. OF

arapparent
Lins.
Defirg, OF
an accnlE
Line,
Def16. OF
a perpendicas
lor Lingee
Defi 17 O
a giver Line.

both
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Def. 18. Of both Sides, as p ¢, 'tis called a horizontal Lise. Thirdly, 12
a borizontal right Line be {0 fituated, asto be neither perpendicular, or hori-

Line. zontal, as the Line = =, fuch a Line is called an oblique Lines
Defi 1g. OfF And here note, that one Line may be perendicular to another
an oblique Ling, altho’ it may nor be perpeandicular to a horizontal Line :
Line. So K Iisa Perpendicular to the oblique Line FE A Plumb
175*1 zo. OF Lineisadire@t downrightLine, as G H, which is always perpen-
parallel dicular to a harizontal Line. Fourehly, If two right Lines are at
Lines. ap equal Diftance from each other, as» » and s s, they are called
Def 210 Of parallel Lines, and which being infinitely continued, would never
eoncentrick meet. Fifthly, 1f two circulan Lines are at equal Diftances from
afrehes. each other, as ¢ and z, they are called concentrick Arches, as be-
Dsf. 22. OF ing both defcribed on the {ame Center. Sixsbly, 1f two circular
ExCemivick Lines have two different Centers, as the cireular Lines v, they
Arches. arecalled excentrick Arches, as being deferibed on dificrent Cen-=
Def. 23, OF ters. Scwenthiy, The curved Line that bounds a Circle, Ediipfis,
the Cireun- er Oval, iscalled the Circumference; and by fome, the Perine-

ferznce of ter, or Petiphery, & ¢ 4 g, Fig. V. Bur the boundary Lines of
Circdvs and all right-lined Figures, as ot A B C, ave called Sices, exceping
Elipfes. when atany Time, fuch Figures are placed upright, fo as wo ftand
Def. 24. OF on their Sides, and then the lower side of every fuch Figuie is,
2la 8ides of  called its Lale : therefore that Line on which 2 Figure ftands, s a
theright lined bale Line. Eighrbly, A right Live drawn throu; h the Center of a
Figures. Circle, as & 4, Fig. V. 1s called a Diameter ; and one ha!f of fuch
Defi25. OF a Diameter, as ba, or a d, iscalled the Radius, or Semi-diameter.
abafe Line.  Nixthily, If fquare Figures, as A or C, Fig. V. have right Lines
Def 26, Of drawn through their Ceiters, and are parallel to their Sides or
e Diometer, Ends, as £ 4 in A, and m min C, they are allo cal ed the Divne-
Radius, and  ters of thofe Figares : But all right Lines drawn from one oppos
Semi-diame-  Jite Angle to the other, dsooin A, dnd #2 in C, are calied diago-

fer. nal Lines, 1helikeis alfoto be obferved in regular Figuares, con-
Def. 27. Of filling of more Sides than four, as B, where p pis the Diameter,
a dlagonal and 2 ¢ the Diagonal. 1n all Figures that are not fquare, as C,
Line, the longeft Diameter, as//, is calied the tran{verfe, and the fhort-
Def. 28. OF eitasm =, the conjugate Diameter ; and which is alfo to be ob-,
tranfwerfe ” Aerved inthe Diameters of an Oval, and of an Ellipfis, as in D.

and conjugate  Every right Line drawn th ough any Partof a Circle, as e f, Fig.
Diameters. V. is called a Subtenfe, Ordinate, or chord Line; as allo is a
Def. 29. Of Linewhich joins the two Extremes of an Areh, asx«; and if a

a Chord right Liue be drawn fo as to touch a Figure, without cutting into
Linpe. it, the Point of Conta&l either at a Side or at an Angle, as 4 4,
Def. 30. OF ing, and 2, 'iscailed a tangent Line. :

a latigent TuEe fecond Kind of Quantity, namely Superficies, is a Sarface
Line, - of whatever has Length and Breadth, without Depth or Thick-

Dsf. 2t Of nefs (as by Def. 6.) and isof three Kinds, @iz, Firlt, exadly flat,
the Kinds of  as the Surface of a Table, Secondly, Convex, as the Outfide of
Superficies. a Ball. Thirdly, Concave, as the Infide of 2 Bowl
SUPERFICIES zre bounded by ane or more Lines, and from thence it is, that
Dif 32, Of they receive :h’_ei; various Nanies, by which they are known; as,
s firft if a Superficies be bounded by one curved Line that is regular
a Circle, in all jes Parts as A, Fig. V1. ’tis called a Circle
Defii3 5 OF - FviRy hlalf Part E;f'a Circle as D, 1scalled a Scmi:circ]t.which
. .\.,mf;.rm,‘ 15 bonrnded by l}lae Diameter and one 11al.f of t.I‘u: Circumference
:D‘:f. X of a Evhr',_]: Circle. A Q\_Jﬂdr:m\t‘ as H, is a Figure beunded by
- t'-ﬁgg;;é;:ar*.j two Semi-diameters (called the Sides) and one quarter Pari of the
TS = Circumference, called the Limb. :
7
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I+ a Cizcle be cut into two unequal Parts by aright Line, asa 2,
Fig. VI. each Partis called a Portion or Segment, and which are
diftinguifhed the one from the other, by a greater and lefier; fo
a ¢ b is the lefler Segment, and a 4 4 the greater;. and

I# two Lines as b 4, £, in C, are drawn from the Center of
any Circle unto its Circumferencs, and thereby divide the Whole
into two unequal Parts, the Partlels than a Semicircle, as £7 4, is
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Def. 35. OF
the Segment
of @ Circle.

Def. 36. 0
a Sefor.

is called a Sector, and the remaining Part, 4 & /4, is called the Complement of

the Sefior, and by fome the great Seflor.

Now fince, by this Definition, a Sector is a Part of a Circle which is lefs than 2

Semi circle, thereforea

uadrant is a Se@or alfo, as being but half a Semi circle,

"T'uE Parts of an Oval or Ellipfie, are denominated in the fame Manner as

the Partsof a Circle. So the Figures Band C, Fig. VIL. are both
Semi-Elliples, equal to each other; that of B being on the tranl
verle, and thar of C, on the conjugate Diameter. And as every
righ: Line drawn through the Center of a Circle, doth divide the
Superficies ihereof into two equal Parts, fo likewife every right
Line drawn tirough the Center of an Ellipfis, doesthefame. So ce,
divides the Ellipfis ¢ s e 2 in twoequal Parts. az allo doth cither of
the Lines ma, orai. The Segments of an Ellipfis ace either re-
gular asd ¢ &, and £ m i, orrampantasa = z; and the Linesé d,
or £ ¢ arg called Ordinates, that of 7 being an Ordinate on the
traniverfe Diameter, and that of 44 on the conjupate. Diameter.
T'he Seétor of an Ellipfis or of an Oval, as in 4, Fig. V1L 1s the
fame as in the Cirele, as hkewile is the Complement therenf.
Now from hence you fee, that Circles, Ovals, and Ellipfes. are

The Paris gf
an Ellipfis
bawe the fame
enaniration
a5 e‘&f Pai iy

of a Circie.
Def 57. OF

the Ordinates

of an Eilipfis.

Sedior of an
Ellipfis.

the only regular Superficies that are bounded by one Line, and that all regnlar
Superhicies bounded by two Lines only, are no other than their Segments, eicher
fingle a5 the Segment @ ¢ b, in B, Fig. V1. or compound, as g bcandadc, in H,
Fig, VII. which laft is no more than two Segments, applied together (the Line

2 ¢ being commen to both} and is called an Gx Eye.

Tri1ancLES bave their differcnt Denominations, as being of dif-
Jerent Forme, wig. (1) [Fa T'riangle bave all its Sides equal as
G, Fig. VI. 'ts called an equlateral Triangle. (2] If twa Sides
are egnal, and the third unsqual as B, "tis called and Iiofceies Tri-
angle. (3) If all the Sides are unequal as F, 'tis calied a Scalene
Triangle. Triangles are alfo diftingpifbed by the Quantity of
their Angles; but this [ fhall refer, until 1 have inftrucled you
in the Natwre and Kinds of Angles.

AvL Triangles, whole Sides are Arches of Circles, are called
fpherical Triangles, as N P Q, Fig. VII. And when Triangles
are compofed both of right Lines, and circular Lines, as O R S,
and V, they are called mixt Triangles, with one or two convex
orconcave Sides ; as for Example.” (1) The Triangle O, hath
two Sides that are right Lines, and the third thatis a concave

Dt 38. OF
an Egailate-
ral, Tfafeeles,
and Scale-
nous Tri-
angle,

Def. 39. Of
a Spherical
Triangle.
Def. 40 OF
mixt Tri-
angles.

Arch, (z) The Triangles R and S, have each but one Side that
is a sight Line, and the others are Arches of Circles, of which, thofe of the
Triangle R are convex, as being {welling outward, and thofe of S, are con-
cave, as being hollow outward, (3) The Triangle V, hath alfo but one Side
that is a right Line, but the other two which are circular are one convex, and
the other concave.

Eveny Triangle contained under three cqual Sides, be they

right-Lned, circular, or mixt, is called an equilateral Triangle, Def.41. OF
and {o the like of Ifofceles and fealenoas Triangles; and to dift  plain Tri-
tinguith right lined Triangles from fpherical and mixt Triangles, angles.

they are in general called plain Triangles,
z SUPERFICIES
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For-Jid S'{.’P‘.’Z-’EFIC‘IEES bounded by four right I,_i‘n-:s are the geometrical

Square ¥ Fie. VI the P;-zrailc!ogmm G, the Rhombus I, the
Rhomboides K, the Trapezoid L, and the Trapeziom M.
Defigz. OF TueGrouztricar Seuare F, isfo called, becaufe all its
a gesmeirical  Sides are equal and fquare 1o each other, and the Parallelogram
Square and receives its Name from ics oppofite Sides and Ends being parallel’
Pargllels- to each other. The Parallelogram is alfo called a long Spaare or
gram, Oblong, with repard ro its being longer than wide.

Tue Ruomsus I, is nathing more than a seometrical Squar

Def 43. OF pulh'd out of its natural fquare Forminto any other: for fappof-

Figures,

a Rhombus ing the Angles da ¢ fof the geometrical Square 4 ae f, in the
and Rbum- Rhonibus I, have each a moveable Joint at the feveral A ngles,
boides ¥ the Angle 4 be poflied to ¢, the Angle awill be moved 1o 4,

and the 8ide 4¢ will be removed to ¢ ¢, the Side afrobf, and

the Side ¥ v toc 4. Thefame is allo to be underfiood of the Rhomboid, which
Is rothing more than a fguare Parallelogram, whofe Ends ace puthed out of
their {quare Pofitions into oblique Pofitions.
Dif 2o A Trarzzoipis a Figure containing four Sides, of which two
T ,;',f are parallel, and the other two are not, as Figure L,
34“‘. -":M‘;'-jf A Trarezium is a Figure containing four unequal Sides; of
. ff,_“;“:ﬁ”m‘, which no two of them are parallel. 2 '
Duf :p oF Recurar Superficies bounded by five or more Sides are cal c:‘!

: Polypons, or Polygonals, or Moltlaterals (that is, many Sides)
as g, 6, 7, 8, 9,10, 11, 12, &, and which take their Names
from the Number of their Sides,

Polygons.

Pentagon 3
Hexapon
Qo o "
So a = Sides, is ”(:g“gon orHlsptdgon as are ex-
Plain Figue { 87° L qqfled 5 J UCtagon \ hibited in
conlifting of | i€ regalar HNonagon Plate {1
s Ten g Decagon e
Eleven Undecagon
Twelve Duodecagon
Difi47. OF  Frcures which have the fame Namber of Sides and are un=
ar irregular - equal are called irregular plain Figures, confilting of ¢, 6, 7, 8,
plain Figure. &, Sides, as the irregular rigure andes the Oétagon in Plate IT.
Def. 48. OF  Auvvr Pipures bounded with right Lines and curved or mixt
an irreguigr - Lines are called mixtilineal Figures; which arc either irregular or

compoand Fi-  regalar; that is to fay, il an irregular Figore have fome of its
gure, Sides curved, and fome that are right Lines unegual, it is called
Defiag. OF acompound jrregalar mixtiiineal Figure; but when a Figure is
@ regalar compofed of equal right lined Sides and of equal arched Sides,
campound Fi-  they ave called compound regular Figures,

gurs. Wikt Figures have Voids ov Imperfeétions in their Sy nerficies,

LDef. 507 OF- they arecailed imperfed Figures, fuch 4s A B, Plate IL wherein

Lupersed Fi-  the dark or fhaded Parts reprefent the Superficies, and the light

gures, Con-  Parts the Deficiencies, Voids, or Fmiperfeitions thereaf, and which

centrick aud  are dificrently di inouifbed, as thole of A and B ; bhaving cheir

Excentrick,  Voids, or defe&ive Parts hounded by Lines deferibed on the
fame Centers, are called concentricl: Figures e

Superfcies; and
that of the Lonula, whofe Void is boanded with Circles deferibed vpon differ-
ent Centets is called an cxcentricle Figiire or Superficies;; widz Definitions X X1,
and XXII. 'The imperfeét Figures B and the Square on the Left of the Lu-
nula-are alfo to be confidéred in the fame Manner, as A and the Lunula, not-
withftanding that their Voids are bounded with parallel, right Lines. Far
as the Center of the Void in B is the fame as that of the baperficies which
boands it, tho whole is therefore a conrentrick Figure, for ile fame Realon as




oOf GEOME TR Y. 67

is Figure A.  And fo in like manner, as the Center of the Voids, in the Square,
15 ot in the fame Points as the Centers of the fhaded Superficies; that is alio
an excentrick Figure, as the Luaula.

To thefe imperfeét Figares I muaft add Fig. C, which is a Parallelogram di-
vided into four Parallelograms, that meet all together on the Diagonal Line in
the Point 2.

Meow if any three of thofe fonr Parallelograms, asa 4, n &,
and » q, be taken together, and confidered as one Figure, 'ts
called a Gnomen; bur if the four Parallelograms are confidered
{eparately, then the Parallelograms # 4, and 7 ¢, are called Parallelograms de-
feribed abont the Diagonal &.¢, and the other two Paralleloorams 2 #, and # 4,
are the 1wo Supplements thereof, and which are always equal to one anozher,

Deft 51. OF

a Guomon.

as will he hereatter demonilrated.

As fuperficial Figures are bounded by one or more Lines, fo
Solids or Bodies are bounded by one or more Superficies ; as for
Emmp]e, a Brick 1s a Solid, bounded with fix Surfaces, thar are
all Parallclograms, wiz. the upper and the ander, the two Sides,
and both Ends.

Tar Number of entire Solids are principally twenty, wiz. a
Sphere, a Spheroid, a Cylinder, a Cong, a Conoid, a Spindle, a
Tetrahedon, a Pyramid, a Pyramis, a Pyramidoid, Conedoid, a
Cylindroid, a Prifm, a Hexabedron or Cube, a Pagallelopipedon,

Def. 52. OF
the Bounds of
Solids or

Bedics.

The Number
and Names of
SQ l".;L {8

an O&ahedron, a Dodecabedron, an Icofuhedron, the twelve and the thirty

Rhombus’s.

Ax entire geometrical Solid is a Body from which no Part has
been taken, and therefore the Remains of a Body, when a Part
thereof is taken away, is called a Fruftum, as the Fruftum of
a Sphere, or of a Cone; &5c.

A Sprenrs is around Body, bounded by one convex Superficies,
whole Pasts are all at the fame Dillance irom the central Point of
the folid ; and is commonly called a Ball, as R, Plate 1.

A Spurrorn isa round folid Body, bounded by one convex
Superficies alfo, but its Curvature is not the fame in every Part
over its Center, as the Curvature of the Sphere; becanfe its
Length is greater than its greatelt Thicknefs, and therefore it is

Def.53. OF
an entire
Saolid,

Def. 54. OF
the Fruflum
of @ Sphere.
Bef g5 Of
a Sphere.
Der. c6. oFf

@l p/ﬂ.‘r 'ox'({:,

what may be properly called an ovallar Solid, if we confider the Sphere as 3

Circular folid ; as S, Plate II.

A Cyriwpes is a long and round Body of equal Thicknefs,
as a Garden rolling Stone, or the lowermolt third Part of the
Shaft of a Column, as X, Plaze IL. and is boended by three Sa.

Def. 57. OF
a Gylinder,

perficies, of which one iz convex, and twa are plane or flat, and whofe Figures
depend upon the Manner of cthe Cylinder being cuc at each End ; thatis to fay,
(1) if the Ends of the Cylinder be both cut {quare to its Length, as X, then
the Superficies of the two Ends are both Circles (which are equal to each other,
becaufe the Cylinder is of equal Thicknefs, and the cenvex Superficies is ng
more than a Parallelogram whofe Length is equal to the Length of the Cylina
der, and Breadth to its Circumference, being bended about the fame. (2) Ira
Cylinder as D, (on the right Hand Side of the Plate) have its

Ends cut obliguely and parallel to each other, the fuperficial Fi-
gure of cach End will be an Ellipfis, and the Cenvex Superficies
Will be a double Rhomboides. (3) If a Cylinder, as E, have
Ms Fod cur obliguely, and not parallel to each other, they will

Def 58, Of
o .

the warions

e

Prrficies that
tound regatar

be both Ellipfes, bur unegual {as not being parallel, which caales ” p gt
the tran{verfe Diameter to be lenger 1nthe one than in the ather) 2‘?‘.':03. ?.ug
and the convex Superficics will be an irregular Hexagon ; a Do 07/787
monftration of which you will fes in the Menfaration of Solids and their Sus
perficies, ;
A Coxe
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0 A Cowne is a round Solid, which rifes either from a Cirele er
Def. 59 Of 44 Ellipfis, with a gradual and equal Dimination until it termi-
a Cone. nates or ends in a Point, as Fig. T, on the left Side of Plate 1L
and therefore is bounded by two Superficies, of which that of the Outfide is
convex, and that of its End or Bottom is a circular or elliptical Plane. In every
Cone there is an imaginary Line fuppofed to be drawn from its
Def. 60. Of Top or vertical Point, unto the centrical Point of its Bafe, which is
#he Vertex called the Axis of the Cone, and which is fo called becaufe it pafies
and dxisof & direétly throogh the Middle of the Solid, and on which the Body
Cone. may be made to revolve or turn about, as that every eppofite Part
is equidiftant therefrom, The fame is alfo to be underftood of 2 4, the Axisof
the Sphere R, alfoof 2 ¢, in the Spheriod S, and of all other regular Solids. Now
when a Cone hath its Bottom cut fquare to its Axis, as T, ’tis called a regular
Cone, and its Bottom, which is called its Bafe, will be a Circle. Butif its Bot-
tom be cut obliquely to its Axis, 25 G, on the right Hand Side of the Plate, it
is then called an oblique Cone, and its Bafe will be dn Ellipfis. .
A Coworp is a Solid, diminifhing in its upper Parts nearly
Def. 6?’ of the fame as 2 Cone, and takes its Rile from a Cirele alfo ; but as
& Lonoid. the Side of a Cone is ftreight from its Bafe to its Vertex, this of
a Conoid is either the Semi-curve of a Parabola or of a Hyperbola, or the Seg-
ment of a Circle, or an Ellipfis ; and therefore terminates ac its Vertex either in
a Point, as the Cone doth when the outward Curve is of a Circle or an Ellipfis,
as BL, or with a curved Top, like unto 2 Sugar-Loaf, as A, when a Semi-
parabola, or Semi-hyperbola.
A SPinpLe s 4 Solid, thus to be conceived ; {uppefea gin B,
Def. bz .Of to be the Diamieter of 2 Circle, on which a Semi-fpindle 15 tobe
@ Parabolick raifed, whofe Axis isd; alfo fuppole the Carve ¢ d'to be the Semi-
a‘_mi {ﬁﬁ"’é@' curve of a Parabola ; now if from every Part of the Circumference
lick Spindle ey Cirele, of which a g is the Diameter, a Solid beraifed with a
Curvature equal to the Semi-parabola 2 4, that Solid will be a Semi-fpindle, and
therefore two fuch, being equal and applicd together, as B, will form that f{olid
which is called a Spindle. And as the eutward Cuarve may be either 2 Hyper-
bola, or a Parabola, therefore a Spindle may be Hyperbolical or Parabalical.

6 A Tevrangpron is a triangalar Selid, which rifes from an
Def. 1,3‘Of“ equilateral triangular Bafe, with a gradual and equal Diminu:
Tetrabedron.  on  aneil i terminates in 2 Point, as a Cone doth, which Point
is alfo called its Vertex. This Solid is terminated by four equilateral T'riangles,
as B F, on the left-hand Side of the Plate. .

A Pyramrp is 3 Solid, which rifes from a geametrieal Square;
Def.64 OF wiha gradual Dimination (a5 the Tetr-ahedro;g: rifgs from anqequi-
@ Pyramid. lateral Triangle) and terminiates in a vertical Point alfo. This
Solid hath its Height at Pleafure, and is bounded by four Equilaterals or Ifofceles
Triangles on its Sides, and a geometrical Square at its Bate, as Fig. V.
. A Pyrawmss is the fame Salid as a Pyramid, only with this
Byfog. Of Difference, that whereas a Pyramid ftands on a geometrical
@ Eyramis Square, and has but four Sides; which are all equilateral, or
Hfofceles Triangles, 4 Pyramis has fome regular Polygon, as a Pentagen, Hexa-
on, &3c. for its Bafe, with five, fix, ¢'c. Sides, which are all Triangles, ad
in & Pyramid, and meet in a vertical Point zlfo.
D": 6. O A Pyramrpoin isa pyramental Solid whofe Bottom i< a thi-
Benh.. T angule geometrical Square, or fome regular Polygon, and Sides

a Eyrami- are the Curve of a Circle, Ellipfis, Parabola, or Hyperbola, as
s Fig. 1V, 2 4

Def 67. OF A Cyuinpro1p is a Solid, fomething like BT, the Fraftum of
: E Z L_ . @ Cone, but with this Difference, that as the Froftum of a Cone is
FEFEREGE erminated atits Ends either with two Circles, if cut {quare to its

Axis, or with two Ellipfes, if cut oblique, or with a Circle and an Elipfis, iF
ane
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one End be bat fquare, and the other oblique, the Ends of the Cylindreid are
both cut fquare w0 its Axis; but the one is an Ellipfis, and the other a Circle,

#s Fig. /C arthe Top on the right Hand.

Tt nexe Kind of Solids, in Order, are Prifms.

A Priswm is afolid Body of equal Thicknels, as a Cylinder ;
but as a Cylinder is round, and its Length is thereby bounded by
one Superiiciesonly ; fo a Prilm is bounded by three, five, fix, or
more Paral'clograms, and its Ends are either Triangles, gcome-
trical Squares. Trapeziume, or fome Kind of Po]}:g;m, as a Pen-

D:f68. ar
the starious
Kindeof

Prifms,

tagon. llexagon, Fe. So BC is a triangular Prifm bounded by two Triangles

at its Ends, and toree Parallelograms an i'sSides,

B A isa Trapezium Prilm,

bounased by two Trapeziums at its Ends, and four Parallefograms ‘on its Sides,
B E i+ a pentangular Prifm, bounded by two Pentagans atits Ends, and fve Pa-
} =] 7 o

rallelograms on its Sides.
two Hexagons at its Finds, and fix Parallelograms on its Sides.

And laftly, B D is a hexangular Prifin, bounded by

It is alfo to be noted, that if the aforelaid Prilins have their Ends cut oblique
to rieir Sides, tiat chea their Sides will be either Trapezoids or Rhomboids, and
their Ends will be changed into different Kinds of Triangles, Parallelograms,

and unequal.fided Polygons.

A Cune, or Hexahedron, is an exaé@ {quareregular Sclid {asa
Dice) and is bounded by fix equal geametrical Squares, as i Y,

A Pagarcsroririvon Is alfo ealled alorg Cube, and by
fome a Prifim s bat as its Ends, as well as its Sides, are boonded
by Parallelograms, which arg never more nor lefs than fix in
Number, as Fig. Z, it is thercfore with refpet o its Surfaces, be-
ing all Paraliclograms, properly a Paraliclopipedon.

Awn Ocranepros is a regalar Solid, boonded by eight eqni-
lateral Triangles, and is compofed of two equal Pyramids, hav-
ing their Bottoms applied rogether, foaste make bat one Solid in
the whole, as Fig. P. Plate IL.

A Dopecanrpron is a regular Solid, bounded by twelve
Pentagons, as Fiy. O. Plate 1L

Ax Icosanepron is a regular Solid alfo, and is bounded by
twenty equilateral Triangles, as Fig. Q. PlateII. —The twelve
Rhombs, and the thirty Rhombs, are Solids, bonnded by as many
Rhombus's, but though they have a Uniformity in themiclves,
yet they are not regular Solids. .

T regular Bodies are the Tetrahedron, the Hexahedron or
Cube, the Uftahedron, the Dodecshedron, and-the leoiahedron,
which being the only Bodies that can be inferibed within a Sphere,
are therefore called regular Bodies.

ABopy 15 faid to be inferibed, when being inclofed withinan-
other Body, every of its folid Angles terminate at the Superficies
thereof; and that Body which contains the inferibed Body iscalled
the circumferibing Body. )

A'sourp Angle is theMeeting together of three or more right-
lined Superficies,

A Frustum, as in Def. 4. is the Remains of a Bodv when 2
Partis taken away; fo if from the Sphere B G, the Part A be
taken away, the Part B G remaining is che Froftum of a Sphere ;
and if from theSpheroid BN, the Part A be raken away, the
Pare N B is the Fruftum of a Spheroid 5 and fo the {fame of B I,
and B K, which are the Fruftums of a Cone, 2od of a Pyramid,
When the top Pars D and A are taken from them.  Frulluma of

Def. 69. OF
allexaledron
or Cube,

Defl g0, GF
e Przraliele-
pipedan,

Defimr. QF
an Ofakbe-
drom.

Def. 72.0F
& Dodecabe-
dfﬁ‘.‘l‘c

Dif. 73, OF
an It jake-
aror,

The 12 and
30 Rhombs,
What Satids
are riéily
regular Bi-
dies ¥

The Reafon,
D

Fraffums ¢f a
Eﬁal-‘:'i'c', f’r T
roid. Gone,
e, ex-
plained.

Bodies are cut obliquely, and that not only at their upper, bnt alfo at their undet

Parcs, ag 1 1 K L M, and are then called oblique Praftams,

is takien from tlie Bottom of a Pyramid, or of a Cone, as the Parts o and », in
K

When a Pare

B
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P and G, then the remaining upper Parts being confidered feparately, become
entire Bodies with oblique Bales ; butif they are confidered with

Dif. 76, OF the Parts 2 and x, then they are no more than the greater Seg-
the Sepments  ments, and the Parts 2 and » are the leifer Segments, which to-
of @ Cone, gether do but complete the two Solids ; and when the upper Parts
Pyramid,Ec. are confidered as entire oblique Bodies, and the Parts a and » are

Def. 77.OF coafidered by themfelves, the Parts @ and x are called Segments
the Segment  of Fraftums, whofe Axis is equal to their perpendicalar Height.
of @ Frafium. Tr all the folid Angles of a Cube be {o taken away as to make

The Fruflun:  every fquare Face of the Cube an O&agon, then the Remains
of a Cube. will be the Froltum of a Cube, contained under fourteen Super-
The Fruffum  ficies or Faces, of which eight will be cquilateral Triangles, and
of a Tetrabe- Gx will be Ottagons, If the folid Angles of a Tetrahedron be fo
digat. taken off, as to make each of its equilateral triangular Faces a

Hexagon, the Remains will be the Frultum of & Tetrahedron,
bounded by eight Superficies ; of which four will be equilateral Triapgles, and
four will be Hexagons,

I mention thefe Fruftums, only to give a Hint, that by this Method of cutting
off the folid Angles of Bodies, there may be a very great Varicty of uncommen
Bodies produced. e R S :

#t Body or Shaft of a Column is compofed of two' Kinds of
ﬂgj’%ﬁ.yr Solids, thz‘.tJ is to fay, the lower one Third part of its whole
= (1_1‘.‘{? “ Height, up to S B, isa Cylinder, and R, the Remainder, is the
€ ‘? AT Fruflum of a Conoid.

i A Secrion of a Solid is a fuperficial Figure, produced by
qua (‘fy‘aﬂ"‘g cutting off a Solid, dire@ly through, in any Part ; fo if from a
.r};efj.;e I ﬁ? Sphere, a Segment was to be cut, the flat Surface or Superficies

s ,..4; of that Cut, which is a Circle, is called its Seftion. Andin like
il gaiai manner, if any Cone be cut quite through its Axis, from the Top
to ils Bottom, the flat Soperficies of that Seétion will be a Triangle.

Tue Bale of anupright Line isa Poiat.

Def. 79.0f  TuzBaleof a Cirele 1s a Pointalfo, as the Point g, of the Cix-
the Bafe of @ cle B (Fig. V. Plate 1) ftanding on the tangent Line 47, which
Liye. : by its Corvature can touch the Line 4 ¢, but in the Point g; for

D:f. 8o. Of as every Point in the Circle’s Circumference, is at the fame Di-
the Bafe of @ fance from the Center, and as the very next Point to g, in the
Circle and Line %4, is at a greater Diftance from the Center 2 than the
Ellipfis. Point g, therefore the Circle eannot touch the tangent Line in
two Points, and confequently the Bafe of the Circle is the Point .

. Tnefame is to be underftood of the Rafe of an Ellipfis. Right-lined Figures
may have a Point for their Bale alfo, by being fet onangular Points, a5 the Hex.-
agon B, PlateI. which rells onits Angle 2, on the tangent Line 4 1.

As Points and Lines are the Bales of Lines and Superficies ; fo Points, Lines,
and Superficies are the Bales of Solids 3 as for Example : Firft, the Bafe of a
Sphere is a Point, for the [ame Reafon, as it is the Bafe of 2 Circles the fameis
aifo to be underilood of the Bafe of a Spheraid.  Secondly, If we conceive the
curved Superficies of a Cylinder, to be aninfinite Number of Circles, like Hoops

~fet clofe together, it is very cafy to conceive, that the Bafe of a Cylinder lying
down is aright Line, becavfe every Circle can touch the Plane it lies on, but
in one Pointonly ; and therefore 2ll chofe Points in the feveral Circles of the
Cylinder's Length, will form a sight Line.—The fame is alfo to be underftood
-ot'a Conelaid oh its Side. Thirdly, 1f a Cylinder be fer vpright, then the
End it flands on is its Bafe; as indeed is every Surface on which any Body
flands. Fourthly, The Balcof a Cone, Conoid, Pyramid, Pyramis, Pyramidoid,
£9°c, 15 that Superficies which is oppofite to the Vertex, and on which they com-
monly (tand ; boe in their Freftums, the Superficies of both Ends are called
Bafes, as the leflor Bafe and the greater Bafe : Ent tho’ Coftom has thus diftin-
guithed
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Suifhed the fmall End from the greater, I muft own, Ithink it a very improper
Manner of Diftinétion, becanfe one Body cannot fand on two oppofite Ends at
the [ame time, and therefore cannot be confidered as two Bafes, but as two Fnds,
as they really are, and which may be diftinguifhed by the Names ot Greater and
Leffer, by only making Ufe of the Word Exd, inftead of the Word Bafe ; for
ftriftly fpeaking, except the Fruftum of a Cone tands on one of its El}ds, ncrfher
of the Endsis a Bale ; for when a Fruftum is laid on its Side, its Bafe is a right

Line contained between the two loweft Points of the Superficies of its Ends.

LECCRUAR B IL

Ou the Formation, Names, Kinds, end Menfiration of Angles.

'HE Anrgles T am now going to explain, are Angles on Superficies, or ra~

ther fuperficial Angles.

ASwueeprriciarAngleisa Spacecontained betweentwo Lines,
of which one mult be oblique, and which meet each other in the
fame Point ; as for Example, Fig. 1. Plate IT. Ifthe oblique Line
d¢ be continved forward, {o asto meet the Line g £, in the Point
7 the Space that is contained between them is called an Angle.

Trese are three Kinds of fuperficial Angles, that is to fay; (1)
Righ:-lined, as o #, Fig. 11, Flate 11. (2) Curvilineal, as x y =,
and 123, of which xyz is a convex Angle, and1 2 3, 15 a con-
cave Angle. {3) Compound, or mixtilineal, as grs, or £ 2 «,

Rient lined Angles have three Denominations, which they re-
ceive according as their Openings are greater or lefler, Righe,
Aeuze, and Obrufe.

A Rycur Angle is that, when two right Lines meet, 2nd are
{quare to each other, as 4 & and 2 &, Fig. 11. Piate Il. or whena
perpendicular Line flands on a given Line, ash # on » /; then
the Angles on each Side of the Perpendicular £ 4, are both right
Angles.

An Acute Angle is an Avngle whofe Opening is lefs than a
right Angle, as the Angle made by the Lines 7 4 and 4 /, or by
the Lines ; £ and 4 £

Ax Obtufe Angle is an Angle whofe Opening is greater than
a Right Angle, asthe Angle made by the Lines i £ and m &

An Avogle is meafured by the Arch of a Cirele defcribed on
its angelar Point ; and therefore the DMezfure of an Angle is the

Quanuty of that Arch which is contained berween its Sices. The
Quantity of an Arch is the Number of Degrees that are con-
tained therein.

A Becrrs is the g6oth Part of the Circumference of any Cir-
ele, as appears by the following Example. Suppofe the Circ'e ¢
90, b d. Fig. 1. Plate 11. be divided into four Quadrants. by the

Def. 81. Of
a Superficial
Angle.

Def 82. OF
the Kinds of
Angles.

Def.83.0F
the Kinds of
Angles.

D:f. 84 Of
a Right dn-

gle.
Dof. 85.0F

an Aente
ngle.

Def. 86. OF
an Obtuye
Angle.

Def 8 of
the Mealure
of an Angle.

Def 88, Of

aDegree,

two Diameters ¢ 4, and go 4, and thac the Limb of each Quadrant bedivided
into go equal Parts, then the whole Circumference of the Circle will be divided
into 6o equal Parts, which are called Degrees. and confequently any oue of

them, which is the 36oth Pare of the whole, is a Degree,

Ana from hence it is very plain, thatthe Limb of a Quadrant
contains go Degrees; that the Limb of a Scati-circle contains 180
Degrees ; that a Right Angle containsgo Degrees ; that an Acote
Angle contains lefs than go Degrees ; and that an Obtufe Angle
contains more than go Degrecs.

In every Circle there are 360 Degrees; for if from the Center
A, youdraw right Lines threuyh every Degree, in the Circle ¢ go,

& d, unto the Circle / g £i, they will divide the Circomference af

that Circle, into the (ame Number of Degrecs, as the Citcle ¢ oo,
K ;

Drgrees in
the Limb of &
Lyadrant
and Semi=
cirele.

550 Deprees
ir gvery,

Circle.

ba
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bd ; and-in like Manner the fame Lines will divide the fmall Circle m /4 », for
the Arches g4 p b, and o £, do cach contain the fame Numberof Degrees.
Hezur 15 find the Quantity or Meafare of an Angle.
Berore the Quantity of an Angle can be found, a Scale of
_zords, boww - Chords mult be made, as following, iz, Fish, Draw a right
much. Line at Pleafure, as ¢ 4, Fig. M. Plate TL, and aflign a Point

therein, as 4, whereon with any Radiui, o Opening of youar
Compaffes, defcribe a Semi circle, zs cab. Secondly, With any Opening of
your Compafies, greatcr than Jc, on the Poinss ¢ and b, deferibe the Archies,
asee and ff, and from 4, through the Pointof Interle@ion 4, draw the Line
da. 'Thirdly, Setthe Radiusdc, from ¢ to 6o, allo from « 0 30, on the Arch
¢ a, which will then be divided in‘o three equal Parts, at the Points 30 aud Ho.
Fourthly, Divide each third Part of the Arch « ¢, into three equal Parts, and
then the whole Arch 2 ¢ will be divided into g Parts.  Fifthly, Divide each Part
into Halves, and each Half into five equal Parts, and then the whole Archac
will be divided into 9o Degrees. :

Tu1s being done, fet one Foot of your Compafles on the Point ¢, and the
other being opened to 10 Degrees, turn down that Opening, on the Line 4 4,
frem 16 to 10, Inthe {ame Manner, onthe Poiute, tale the Diltances ¢ 20,
£ 39, €40, c50, ¢ 6o, ¢ 7o, ¢ 8o, ande¢go, on the Arch ae, and torn them
down to the Line ¢ 4, as before, and thus you will have wansferred every tenth
Degrez from the Limb ¢ 2, nato the right Line ¢ 4. In the fame Manver reas sfer
every Intermediate Dearee, and then will the Scale, or Line of Chords, Le com-
pleted and made e for Ufe,

oo To find the Quantity of an Angla, you mult proceed as fol-

a0 2o find lowing.  Letd i late e an Angle giv i

B g Letda b, Kig. 11. Plass 11, be an Angle given, to find
Rl e T Quantity,
of an Angit. Tarc6oDegrees in your Cempales, from the Scale of Chords,
and on the angular Point 4, defcribe an Asch, as e ¢ ; take the Extent of the
Arch ¢ ¢ in your Compafles, and apply ove Foot to your Line of Chords, at the
Beginning ¢, and the other Foot will fall on the Number of Degrees that is con-
tained in the Angle,
Taz Realon why you muft take exallly Go Degrees in your
Def. 8g. OF Compafles for to defcribe the Arch o ¢, 15 becaufe that theR adius,
#he Degrecsin o Semi-diameter of every Circle, is cqual to the Cherd Line of
the Radius of 60 Degrees of its Circumference, And note, that if in the mea-
every Circle,  {uriog of Angles, it thould happen, that the Sides of an Angle
fhoold be fhorter than 6o Degrees, the Radios of your Line of
Chards, you muf, in fuch a Cafe, continue out the Sidesof the Angle, unto a
{ufficient Length.
i A "To lay d.m}'n an Angle equalta_m‘".y Number of Degrees given,
e e Is 4 very ealy’ Work, and very little different from the laft ; as
for Example, fuppofe it is required to lay down an Angle equal
ces o Firlt, Draw a right Line, as b a, Fig. 11. Plate
ndly, Take 6o Degrees in your Compailes, from your Line of Chords,
ine, defcribe an Archat Pleafure, asa b, Thirdly,
Jegrees, the Angle given, from your Line of Chords, and fet them on
the Arch, from ¢ to ¢, Laltly, from &, through the Peinte, draw the Line
@ 45 thenwill the Lipes #a and » 5 make an Angle equal te 30 Degrees, as
ragnived,

Def. 50, OF 2 A:ng.’!i)_;%tics of Ar?!na are femetimes _w‘n!r:le Degrees, and
Finutes in g ometimes Degrees and }ar::s of Degrees, it is f.1qrg1'§;re to be ob-
B ferved, thac every Degree Is fuppefed to be {ubdivided inte fixty

& equal Parts. which are called Minutes, and therefore Lof a De-
pree s 15 Minuswes, L a Degree is 30 Minutes, § of 2 Degrec is 45 Minutes,
# 18 1o Minutes, 1% 15 5 Minuntes, &=e

4

Dz.
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Drorzes and Minutes are thus written or exprefld, wiz. ten Degrees and
Degrees, forty #inutes, and twenty-fve Seconds, is thus written, Minntes, bonw
100, 40, 25", and 4o Degrees, 15 Minutes, thus, 40 15'. quriticn.

Ancirs are exprefled by three Letters, of which it 1s to be Hoavan
remembered, that the middle Letter always denotes the angular  Angle is
Point.— As for Example, to wrike or exprefs the Angle made by avritten and
the Lines da b a Fig. 11 Plate 11 1 write thus, the Angle denoteds
dak, or bad;in both which Cafes you fee that a, which ftands
at the angular Point, 1s kept in the Middle, aud fo the like of all other Angles.

Tu: Complement of an Angle is to be confidered in two
diferent Manners, that is to fay, when it is to a Quadrant, and  Defigr. 0f
when to a Semi.circle. Bug be it which it will, the Complement  #hbe Comple-
of an Arch, orof an Angle, is fo many Degrees as will make ment of An-
the given Angle, or given Aych, equal togo, or to 180 Degrees.  gles and
So 70 Degrees is the Comgplement of an Angle of zo Degrees, to Arches-
aOuadrant, and 160 Degrees isthe Complement to a Semi-circle. ‘

AncLEs are extermal, internal, and oppofite. An external  Def. 92.Of
Angle of a Figureisan ountward Aungle, as the Angle f or g, in external
Fig. O. PlatelV. w hofe angular Point points outward 3 and an  and internal
internal Angle, is an inward Angle, that points inward, as the Angles.
Angle b, in Fig. P. Piate 1V. but an external Angle, fingly con-
fidered, without Refpe& being had to a Figure, is the Complement of an (in-
ternal) Angle, to a Circle, or 360 Degrers, So the Angle @ xm, Fig. M.
Pjate VIL is an internal Angle, whofe Mealure is the Archiz, and the external
Angle isall the Space ‘hat is without the Lines @ # and x #, and whofe Meafure
ssthe Arch i &/, which, with the Arch ¢ m, is a complete Cirele, and therefare
is the Complement of the Areh #m, to 360 Deprees. §

OpposiTe Angles are fuch, thatare againfl, or oppofite to one D:f. 94.0f
another ; as for Kxample, if two right Lines, a5 @ ¢ and be, oppafite dn-
Fig. G. Plate ¥ 1L crofs each other, the oppofice Angles which  gles.
they make are &4 ¢, and @ d e that is, the Angle b de¢ is oppo-
fite to the Angle ade, 50 likewife the Anglea b d is oppofite to the Angle ede,
and which are always equal to one another, becaufe the Arches ab aud e,
which are their Meafures, are equaal, and fo the like of all others,

p o B ! 82
OF the Defeription of Lines.
g the {everal Works of this and the following Leftures are very often de-
pendant on one another {like ¢he Links of a Chain) I [hall therefore de-
Liver the whole by way of Problem or Propofition,
A Propienisa Propofition for fomething to be done or made, as following.
Pros. 1. Plare V. Fig.T.
T draav a Right Lize from the giwen Point ¢ to the gizen Point X, anrd to continae
it infinitely from X towvardsf
Operation. Firit, Apply the Fdge of # fireight Ruler tothe Pomtse X, and
with a Pedcil draw the Line reguired. Secondly, Lay the Edge of a Ruler ta
the Line ¢ X, end applying the Point of a Pencil, e to the Point X, continue
¢he Linc & X, from the PoincX, towards /.
Pros, II. Fig. IL
Teapo Poiuts being given (a3 el i find a Point of Interfeéiion, as i.
Opsration. Open yous Compafies to any Diftance, sreater than half the Diltance
of the Points prnpoi‘ed‘ and upon the Points g g defcribe Arches, as gk, gks
then will the Point 7 be the Point of Interfettion requited, the Ufe of which
will be prefently thewn ; and it is to be obferved, that it is no matter what thes
{)pening of yaur Compalles is, fp that they are more than half the Diftance of the

i :
2 given
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given Points ; gnd the Reafon thereof is, that if the Opening is lefs than half
the Diftance, as g 4 and g6, the Arches defcribed on that Opening, eannot meet
tointerfetl each other, {o as to make a Point of Interfeion, as is alio the Cafe
if the Opening e exactiy half the Diftance, as £ 3, as is evident by the Figure.
Hence it is plain, that onlefs the Opening be more than half the Dillance of the
given Points, there cannoe be any Point of Interfeélion made. The Points 7 and
o'are bieth Points of Interfe@ion ; that of 7, being found b
to the whole Diftance of the piven Points, and that of g,
lers.

¥ an Opening equal
by an Opening thar is

Pros. I11. Fig. 1L, IV, V, VI, and VII.

To ereft Perpendicalars Jrom given Points, in or near the Midile, and at o pror

the Ends of gizen Reght Lines.

Operation. Firf. In Fig. L. let' su be a given Point, in or near the Middle
of the given Liness.  Set any equal Diftances on each Side the
as ¢ and », whereon, by the Jaft Problem, find the Point of Luterfettion, as g.
From m o g draw the Line m 7. which will be the Perpendicular required : for
s x and m o are at equal Diftances from #ty therefore (by Daf. 15.) the Line
1 ¢ isa Perpendicular ; becaufe the Diftances # g and o ¢ are equal,

Secondly, Toeret a Pevpendicular SJrom the given Point r, Fig IV. gt the End

of the piven Line »2,

Ogperation  Tirft, On the given Point », with any Opening of your Compaifus,
deferibe an Arch, as s aw, and thereon {et that Opening twice, as from s10 &,
and from x to . Secondly, On the Painits »and @, find a Paint of laterfettion,
asz: draw the Line r =, and it will be the Perpendicular required. A Perpendi-
cular may alfo be credted on the End of a given Line, by either of the i'ai]ow.ing
Methods. As for Examp]c; Firft, Let 1 z, Fie. V. bea given Line, and 1
the given Point.

Operapion. Fitlt, On 1, with any Opening of your Compafles, d
2s 3, g, and thereon fer irs Radius, from 30 4, whercon with
ing, defcribe the Arch 3 5 68, and thereon fet up its Radius t!
Points 3, 6, 8. Secondly, Draw the Line 81, andic i the Perpendicalar reguired,

Secondly, Let AD, Fig. VL. be agiven Line, and A the given Point,

Operatien. Open your Compafles to any Diftance, ane {etting one Foot in the

iven Point A, fet down the other at Pleafure, ason the Point B, {o that the
g‘oot in the Point 4 may be capable to interfe@ the given Lire, as in the Point
C. Aloonthe Point B deferibe an Archy as AG F, overthe given Point A,
Lay a Rulerfrom Cto B, and it will cut the Arch A G Fin G ; draw the Line
G A, and jtis the Perpendicalar required,

Thirdly, Let N O, Fig. VII, be the given Line, and N the given Point,

Opzration. Firlk, From a2 Scale of equal Parts, asa ¢ dy Fig. 1. take 6 Paresin

your Compaffes, and on the given Point N, defesibe nn Arch, as MM, Se.
condly, Take 8 Parts in Your Compaffes, and fet them from N to I Thirdly,
Take 1o Parts, and on the Poing | interfeét the Arch M M, in the upper N, and
iraw the Line NN, the Perpendicular required,
Now as 64, the Sguare of 8, and 36, the Squareof 6, are togerher
100, which is the Square of 10 by io; therefore N N i
given Line N Q. Faurihly, Lot 24, Fig, VIIL be a
given Paint, :

Cperation. With 6o D grees of a Scale of Chords, on 4, the given Point, des
{eribe an infinite Arch, as &4 ; and then fetting go?, trom b to ¢, diaw ¢, the
Perpendicular required

given Point m,

efcribe an Arch,
the fame Open-
iree Tumes, at the

equal to
a Perpendicolar 1o the
given Line, and 4 the

Pron. IV, Fig. IX.
Taered a Perpendicilar on an anguier Point.
Let &z ¢ bethe angolar Point given.

Operation. (v} Afiign two Points, as j ¢, atany equal Diftance from the given

Fointa. (2) On the Points 4 ang ¢ by Prob. 1L, find a PLin of la:
@ and drawr da, the ?::p:'nrj:cuiar rfqui:‘cd.

erleclion, as

Puo

RN T
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Pros. V. Fiz. X and XI.

To ere @ Perpendicular on the Convexily, andin the Concavityof an Arch of a
Cirele.

Firft, Letef; Fig. X. be the given Arch, and «the given Point,

Operation. ~ Set of two Points, as & 4, at any equal Diftance from a, and
thereon by Pros. 1L find a Point of Interfedion, asc; draw ¢ a, the Perpen-
dicular required. .

Secondly, Letéad, Fig. XI. be the given Arch, and ¢ the given Point.

Operatizn. (1} Set any equal Diftances on each Side of @, the given Point,
as in the laft Problem, aud thereon, by Pros. Il. find the Point of lnterfetlion,
as b. (2} Draw b a, the Perpendicular required,

Pron. VI. Fig XIIL
To bifi? @ Right Line by a Perpendicular.

Ler g b be the given Line.

Operation. Onthe Points & and &, by Proz. I, find a Point of Interfe&lion
on each Side of the given Line, as 4 and ¢, and then drawing the Line d ¢, it
will be a Perpendicular to the given Line @ 6, and bile or divide it into two
equal Parts at the Pointe,

Pror. VII. Fip, XIIL

To erei? a Perpendicular on the Extremity of a Concave Arek, whofe Center is
unkanowon,
LeT adb be the given Arch, and a the given Point. .
Operation. Affign three Points in any Parts of an Arch, as g 4 5, and betweea
them draw Right Lines, as gd and 45, which by the laft Pros. bifect or divide
by Perpendiculars, which will interfect each otherin ¢, the Center of the Arch;
from whence draw ¢ «, the Perpendicular required.

Pros. VIIL. Fig. XIV, and XV.
Ta let full & Porpendicalar from a given Point, on a given Right Line.

Let ap, Fig. XV. be the given Line, and 5 the given Point.

Operation. Open your Compafles to any Extent greater than the Diftance from
the given Point to the Line, and on4, she given Poiat, dcfcri.bc an Arch inter-
fefting the given Liue, in the Points » and &, whereon find the Point of Inter-
fe&tion g, and laying 2 Ruler from A to g, draw the Perpendicular b7, as required.

Nore, This Operation is to be ufed when the given Point is over, or nearly

over the Middie of a Line ; and the following when the given Point i3
over, ot nearly over the Bnd of a Line, as the Pointe, Fig. XIV.

Operation. From the given Point ¢, draw an oblique Line, asec, which by
Pror. VI, bifeét is the Foint £, whereon, wich the Radius /¢, deferibe a Semi.
cirele, cutting the given Line in the Points, and draw e », the Perpendicular
required.

Pros. I1X. Fig. XVIL.
. Tolet fall a Perpendicular, from a given Point, on a Concave Cirqular drch,
whofe Center is nuknsw.

Lzt § be the given Point, and Je £ the given Arch,

Operation. Aflume three Points in the given Arch at Pleafure, asde g, and
draw the Lines ge and e 4, which bifeét in the Points o and ¢, and thereon erect
the Perpendiculars o b and ¢ 4, which will interfect each other in the Point b, the
Center of the Arch. Lay a Ruler from &, the given Poing, and draw & #, the
Perpendicular required.

Proz. X. Fig. XVIL
To divide an Angle inta tzvo rgual Paris by a Perpendicular,

LEx § g ¢ be the given Angle.

Opergtion.
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Operation. Set any equal Diftance an cach Side the Angle, as from a to 4,
and e, whereon find a Point of Interfection, as », through which, from ihe
angular Point z, draw the Perpendicular 2 », asrequired.

Puos, XI. Fig. XVIII. and XIX.
Tomake an Angle egual to a given Anple.

*Tis required to make the Angle £ £ b equal to the Angle e 2 &.

Operation. Draw aRight Line, as £ £, and open your Compafies to any Di-
ftance, and on the angular Point a4, delcribe an Arch, as d¢; with the fame Open-
ing on the Point /£, defcribe an Arch acPlesfure, as #g : makethe Arch # g, eqaal
to the Arch 4 ¢, through the Point g, from the Point £, draw the Right Line g 5,
and then the Angle 4 /5, will be equal to the Angle 5 a 2. In the fame Manner
the Angle ¢4/, Fip. XX, is made equal to the Angle bae, Fig. XX1.

Pros. XIL. Fig. XXIL
To continne a Right Line to a greater Length than can be drawwn by a Ruler af
one Operation. 3

Lzt 2 be the given Right Line, which cannot be made longer at one Opera-
tion, by reafon of the Ruler being of the fame Length.

Operation. With the Length ofthe Line a, on the Point 2, deferibe an Arch,
as ed ; on which, from the End of the given Line, fet off two Points, as ¢ 7,
whereon find a Point of Interfeftion, as & : unto which, from the End of the
given Line, lay a Ruler, and continue the given Line at Pleafure.

Prop. XIII. Fig. XXIITL
To drawr @ Right Line parallelto a Right Line at an afligned Diflance.
Letik, Fig. XXIII. be the given Right Line, and A B the given Diltance-
"Take the given Diftance A B in your Compalles, and on any two Points nearthe
Euds of the given Line, as r and p, deferive two Arches, as # »and 0 0, unta
which lay a Ruler, fo as but juft to fee their Convexities, and draw the Line a,
which will be Paraﬂe! to ik, at the Diftance of A B, as required.

Pror. XIV. Fig XXIV.

9o draaw a Right Line paraliel to & Right Line avbich jffall pafs through o gien

ot

LeT ¢ be the given Line, and / the given Point.

Operation. From the given Point &, draw an oblique Line. as 5 g, at Pleafore,
to cutthe given Line in any Point, asg. By Pros. XI. makethe Angle cé g,
equal to the Angle b g £, and fromithe Pointc, to the Point 4, draw the Line 44,
which will be parallel to the given Line, as required.

Pros. XV. Fig. XXV,
To deferibe a Circle concentrick to a giwen Circlr at a given Diflance.

Lzt the given Circle be &, and ¢ 4 the given Diflance.

Operation. Draw a Right Line through « the Center of the given Circle, as
e f, and make ¢ # equal to the given Distance, on 4, with the Radius a ¢, de-
fcribe the Circle g ¢, as required.

: Prow. XVI. Fip. XXVL
EBetween tavo giwen Poiits t6 find tave others dr'r-:;";'ﬁ' sntirpofed,

LeT ad be thetwo Points given, to find two others dircélly interpofed, s b
and ¢, by the Help of which a Riglit Line may be drawn from the Point 210
the Point 4, with a Rule, whofe Length is lefs than the Diftancs of « to 4.

Operation.  With any Diftance greater than half the Lenoth of 7 4, on the
Points @, &, find two Points of Interfeiion, asz and £, on which, with any Di-
ftance greater than half the Diftance between the two Points of Interfettion, find
wwo other Points of Interfeflion, as & and ¢, which will be direéily interpofed
between the given Points s and 4, as required.

Pros,
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Pronr: XVIL Fig. XXVIL
Ty diwide a vight Line into any Number of equal Partsl-

Ler E F be the given Line, to be divided into 4 equal Parts,

Operation. Draw a right Line at Pleafure as « 4, and thereon fet four equal
Parts of any Bignefs, as 1 2 3 4, on the Points of z and 4, with the Diftance 2
4, make the Scétion », and from , through the Poirits @ 1 2 3 4, draw right
Lines out at pleafure. This done take the given Line in your Compaffes and
fet it from #to 4, and to £, and draw the Line 4/, which will be equal to the
given Line, which will be divided into 4 equal Parts by the Lineszc, n4, n e,
as required.

A Ricur Line may alfo be divided into any Number of equal Parts as fol-
lowing, wiz. let @ 4, Fig. XXIX. be the given Line to be divideded into five
equal Parts.

Operation. From the End &, draw a right Line as 4, making any Angle at
pleafure. By Problem X[V. draw 2 ¢ parallel to b d, ar by Prob. XI. make the
Angled z¢, equal to the Angle #ba. On the Lines b 4 and a ¢ fet off four equal
Diftances of any Magnitnde as at the Points 12 3 4onthe Lineéd, and at 567 8,
onthe Lincee. ‘This being done, draw the Lines 4 §, 3 4, 2 3, and 1 2, which
will divide the given Line a 4, into § equal Parts atthe Points 4 g ¢, as required.

Pron. XVIIL :
To divide a given right Line into unequal Parts in the farms Proportion as another
Line is divided.

Ler the right Line A under Fig. XXV. be given to be divided in the fame
Proportion as the Line & ¢, next below it. _

Oferation. On the Points b ¢ with the Diltance 4 ¢, make the Seétion &, from
whence draw right Lines through every of the Divifions £z { nm. Makead,c2 6
each equal to the given Line A, and draw the Line 4 6, which will be equal to
the given Line A, becaule the Triangle 4 a 6 is equilateral, and which will bz
divided by the Linesa f, @ g, &c. in the fame Number of Parts, and in the fame
Proportion as the Line 4 «. : =

Pros- XIX. Fig. XXVIIL
A Circle being given, to find its Center.

LeT fa b be agiven Circle, to fiod its Center,

Operation. Affign three Points in any Partof its Circumference as f 2 5, and
draw the Chord Lines £ «. and a &, which bife@ in the Points = x, whereon erect
the Perpendiculars ze, and x ¢, which will interfet each other in¢, the Center
of the Circle.

Pron. XX. Fip. XXX,
To fud ‘the Center and Diameter of a Tower, &e. awhofe Bafe is a Circle being
quithont theé fame.

Let the Circle £7 / reprefent the Out-line of a Cylinder or round Building,
whole Center and Diameter is known. '

Operation. Apply the freight Side of a ten-foot Deal againft the Outfide of the
Building, as 4 #, or, for want thereof, ftrain a packthread Line, foas juft to
touch the Building, as the Line 4 7, touching in the Point £ Set any certain
Diftance (fuppofe 10 Feet) from £to 4, and from £ to #, at which Points, ereft
Perpendiculars continued until they meet the Building, 23 b4, and 2 /, and mea-
fure their Lengths exactly, which fuppofe to be each 6 Feet. This being done,
make a Scale of equal Parts, as Fig. 1. and let every Part reprefent 5 Foot. Draw
a right Line to reprefent b #, which make equal to ten Parts of your Scale, and on
the Ends b and » ereét two Perpendiculars, making the Length of each equal to
6 Parts, and draw the Lines / # and #/. Laftly, bifect the Linesi £ and £/ in the
Points & =, and thereon eteét the Perpendiculars # o, = a ; which by the laft Pro-
biém will interfe& each other in a, the Center of the Building, on which with
she Rading @ 4, defcribe a Circle, which will reprefent the Out-line of the given

Building,
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Building, and whole Diameter being meafured on your Scale af equal Parts, will
thew the Number of Parts, which are the Feet contained thergin,

Proz. XXI. Fjp. XXXL
To fud the Centir and tavo Dicmeters of an Owal or Edipfic.
LeT ba ir, be a given Oval, whofe Ceater p, and two Diameters are to be
{QSI‘:[]. :
Qperation, Draw at plealore two paralle]l Lines a3 ce and » g, which bifeft in
the Foints » and a, through which draw a right Line as /= 2 &, which bilect in g,
whereon deferibe any Circle that will inter(eét the Sides of the Oval, asc b f d,
futhe Poinss ¢ & /4 through the Intesledtions & 7, draw the right Line & 4, which
bifet in »; then through the Points x p draw the longelt Diameter, and through
the Point p, draw the ihortelt Diameter parallel to 44, and p is the Center, as
.
required.

Prop. XXII. Fip. XXX, Plate JIL
Do draaw o vight Eine through a given Point, that fhali be a Tangent "Line to &
given Circle.
LeT d be the given Point, through which the Tangent 4 & is to be drawn.
Operation. Draw asight Line from  the given Point, to a the Center of the
©ircle, which bifed in , whercon with the Radius 4, deferibe the Semi-circle
4 ¢ d, interfeing the given Cirele ine, through which, from 4, diaw 4 &, the
Tangent Line reguired.
Thefame 1s alfo te be underfood of a Tangent Line to an Ellipfis, as Fig.
XXXII,
e IV,

Line equal thersio.

Pron. XXII1. Fig. XXXIII. Pi
A vight Ling being giwen as € d, to find anather v

LET d ¢ be the given Line.

Operation From thelind ¢ drawaright Line at pleafureasac, and on the Pointe
aand ¢, with the Opening ac,find the Point of Interfeétion £, and draw g eanda b
aut at pleafure ; an.¢c with the Radius ¢  deferibe the Arch of a Circle 4 ¢, cutting
the Line z ¢ continued in ¢ On a with the Radius a ¢ deleribe the Arehe £
cutting the Line # & eontinued in the Point g ; then is # ¢ equalto ¢4, as required.

L

&

Pros. X¥IV. Fig. XXXIV. and XXXV. Plaze 1L
To-divide the Circumferssice of a Eircle into Dsgrﬁs, Dinutes, Honws, and Rhunibs.

Ler the Ciscle & acd, Fig. XXX1V. be given, to be divided into 360 De-
yrees, the Circle da ¢ e, Fig. XXXV, into fo Minutes, the Circle 46 ce, Fig.
2}EXXV . into 12 Hours, and the Circle ¢ # § 2 Fig. XXXV, into 32 Rhambs
or Peints of the Compafs. :

FigsT,in Fig. XXXIV. and XXXV, draw the two Diameters at right Angles
asad, and bein Fig XXXIV.and d ¢, and @ein Fig. XXXV, Setthe Radius
of each Circie from cto gy and from & to s, and then will thofe Quadrants be cach
divided inte three equal Parts. In the fame Mauner divide the remaining three
Quadrants incach bigure, This being done, dividec #.2 g and aginFrg. XXXIV.
each into three equal Parts, and every Part into ten equal Parts, and then the
Quadrent a 2, will be divided into go equal Pares, 1n the fame Manner di-
vide the Quadrants a & ¢, b ¢ 4, and then the Circle will be divided into 3t0 De-
grees, as required,  Alfo divide ¢ #, n g and e g, Fig. ZXXV. each into fve
equal Parts, and then the Quadrant a g # ¢, will be divided into 15 equal Parts,
In the fame manner divide the Quadrants ¢ &, d ey-and e ¢ 3 and thenthatCircle
will be divided into 6o Minutes, as required.

SeconprLy, o diwide the Circle of vz Hours, Fig. XXXV

Draw two Diameters at gight Angles, asd ¢ and be, which will divide the
€ mcle into 4 Quadrants, fet the Radius a d, from 4 to # and te 4, alfo from eto
Furd to K, alfo from ¢ to # and to 5, and lafliy from & to 2 and to x, and then
will slis Circle 4.6 ¢ ¢ Le dinided into 12 equal Purts, as reqrired.

THIRDLY,
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Tuieory, To divide the 32 Points of the Compafi, Fig. XXXVIL

Draw two Diameters at right Angles as 2 8, andlr 7, divide c;tch uat‘?r:‘mt
into two equal Parts, and then the whole will be divided into 8‘ Parts; divide
cach 8th Part into z equal Farts, and then the whole will be divided nio 1)
Parts. Laftly, divide each 16th Part into 2 equal Parts, and the whole will be
divided into 3z equal Parts, as required.

To proporion the Height of the Figures ta the Hours.

Drvipe the Semi-diameter of the outer Circle of your Dial-Plate into 12
equal Parts, give one to the outer Margin for the Minutes, five to the Margin
for the Hour's Figures, and the next one to the Margin for the Divifions of
the Quarters.

Tue Figures by which the twelve Hours ave numbered, are the Capital Let-
ters I, V, and X, which are proportioned and made as following. .

To proportion the Breadth of the Figuree, divide their Height into 8 equal
Parts, and give one Part to the Breadth of the full Surokein every Fignve, and
one Quarter of a Part to the Breadth of the fine Strokein the V and the X,

Tue Diftance of the I's from each other 15 equal to their Breadth, The
Breadth or Opening of an V atits Top, is 4 Parts, and of an X is ¢ Parts, as may
be [een in Figure XXX VIIL by the dotted parallel Lines. If the Figures ftand
vety high above the Eye, their Graces, which is the arched Finifhings ac their
?'aps and Bottoms, muft have a Breadth equal to the fine Stroke of an X, that
3, of one Quarter of a Part. But when the Dial is near to the Eye, there need
not be any Breadth given to them, as in the Figareis reprefented,

Tus Curvature of every Grace begins, at half aFa't, above the Bottom, and
below the Top of every Figure, as exprefled by the Lines, ¢ 4, and 4 4, and
their Proje@ions is half a Part-alfo. "T'he Graces to the I's are all Quadrants
of a Circle as b 4 p, and whofe Centers are always on the Lines ¢/ and 2 4,
bat the Graces of the V's and X's, are Arches lefs and mote than a Quadiaa,
and whefe Centers are fouund by this

Generar Rors,

Frowu the Point ¢ Fig. X. where the Out-live of the Figiire cuts ¢ the Line
of the Height of the Graces, ere@ the Perpendicularas ¢ 2. Make 4 g equal
to half a Pare, for the Projeclion of the Grace, and draw the Line ¢ 7, which
bifeé in x» A, on which erect the Perpendicalar x 27, interfe8ing the Lincs s
in 1, the Center, on which, with the Radius m e, deferibe the Arch o ¢, witich
s the Grage required.

LR CE UR E IV,
Onr the Confirullion of Plane Pigures.
Brop."H. Fip. E. Plate 1V.

O defiribe an rf;l;z'."m}.'rm" Triangley a5 8 b'c, Pig, E. evbof Sides f2
équal tod a; & given Live; alio an Iffceles Triaugle exa b ¢, Fig
Bafe and Sides flall be cqual ta the given Lings & and €5 and lilewife a
Triangle, as Fig. G.avhofe three Sidss foall be equal ts the three g 5
First, maked o Fig. B equal te the given Lined, on the Points & and
the Opening de, male the Point of Interfedion &, draw the Lines 2 5, and « ¢,
and they will complete the equilateral Triangle, as required.  Secondly, make
be, Fig. F. equal to the piven Line g, on the Points 4 and ¢ with an Opening equal
tothe given Line 4, make the Point of Interfedtion ¢, draw the Lines 2 4, and
ac, and they will complete.the Tiofceles Triangle, as required. Thirdly, make
b, Fig. (. equal to the Line /; on é, with an O pening equal to the Line ¢ 4, and
on ¢ with an Opening eqaal 1o the [ise 4 make the Seflion 2z, Draw the Lincs

# & and z ¢, and they will complete the Scalenum Triangle, as required.

Pros, II. Fiz. H and 1. Plae TV,
To suake a geomerrical Sguare, as Fig. H, wehofe Sidee foall be cack egnal tr =
L% e
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givw Lint as &, and a Parallelsgram as Fig. I, avbofe Lingth and Breadth fball ke

equal to two gicven Lines ase and f.

Firsr, Makec 4, Fig. H. equal to the given Line e, on 4, by Problem TIL,
Le&. Il ercét the Perpendicalar 4 & equal to ¢ 4, on the Points 4 and ¢, with
the Opening ¢ 4, make the Point of Interieftions. Draw the Linesz 4, and ¢ ¢,
and they will complete the geometrical Square, as required.

Sreonpry, Makea b, Fip. 1. equal to the given Linee, on the Point 4, ere&t
the Perpendicular a ¢, equal to the given Line £, on¢, with an Opening equal to
a b ; and onthe Point &, with an Opening equal to ¢z, make the Point of Inter-
{feftion 4. Draw the Lines 4 &, and 4 ¢, and they will complete the Parallelo-
gram, as required.

Pren. III. Fip. K and L. Plae 1V,

To make a Rbombus asabed, Pig, K. avkofe Sides floail be each equal to the given
Lince, alfo.a Rbomboides asach d Fig. L. wwbafe Sides and Ends fpall be iqual ta
#he given Lines e f, and wwbofe acute Angles fbatl becach equal to the given Angle M.

Firsr, Make 2 4, Fig. K. equal to the given Line ¢, on 4, with the Radius
d a, deleribe the Arch a £ ¢; make 24, and b ¢, each equal taea. Draw the
Lines a &, b ¢, and ¢ 4, and they will complete the Rhombus, as required

Secowpry, Makesd, Fig, L. equalto the given Linee, by Problem X1 Leét,
III. malce the Angle & 2 ¢ equal to the Angle & 2 ¢, and mzke ¢ 2 equal to the
given Line £, on the Point ¢, with an Opening equal to a 4. and on the Point 4,
with an Opening equal to ¢ 4, find the Point of Interfeftion &5 draw the Lines
¢ b and 4 4, and they will complete the Rhomboides, as required.

Prop. IV. Fig. N and O, Plate 1V.

To make a Trapezoid, as 2 b d h, Fig. N. awhofe Height, Top, and Bafe fpall be

equal to the three giver Lines ¢ 2f, g, and W5 alfo a Trapexia as ae fg, Fig. O,
Cofe Sides fbell be equal to 4 given Lines, and one of its dngles as ¢ a g, equel to
7.
R lake a hequal to the given Lineg, and bifeftit in », whereon
ercdt the Perpendicular'z cequal to b the given Height ; by Problem XIIT. Leét,
dIL. draw d parallelto o 4, bifc& ¢ fin =, and make ¢ & and ¢ & each equal to
= ¢; draw the Linesd 4 and & o, and they will complete the Trapezoid g &
d b, as required.

Secoxory, Make a g, Fig. O, equal to the given Line 4, by Preb. XI.
Le&. I, make the Angle ¢ 2 g, equal tothe given Apgle Q, and makee g
gqual to the given Line 4. On the Point ¢ with an Opening equal to the given
Line 7, and on the Point gsyith an Openiog equal to the fourth given Side, find
the Point of Interfeftion /. Draw the Lines ¢ £ and f g, and they will com-
plete the T'rapezia, as required.

Nete, If the Angle had been required to have been made an internal Angle,
then the two Sides, /e and f ¢, muft have been drawn to the Point of Inter-
feftion 4, as in Fig. P, which is a quite different Figare from Fig. O, although
the given Angle and Sides are the {ame,

Ir.is alfo to be noted, that when four right Lines are propofed, to be the
Bounds of a Trapezivm, that thofe twe Lines which make the Interfedion,
mufl be longer than the Difiance contained betweenthe Extremesof thole Sides,
which make the viven Angle, otherwife there cannot be a Trapeziam made ;
for if the aforefaid two Lines, Fe, and fg, Fig. O, were but equal to the Di-
{lance contained between g and e, the Extremes of the Angle g a ¢, they would
make but one Ling, and confequently the Figure would be a Triangle, inftead
of a Trapezium ; and if thofe two Lines were lefs than the Diftance from ¢ to
£» then there could not be any Figure produced, Therefore ’tis plain, that to
make a Trapeziom, the two Sides which make the Interfettional Points muft be
greater than the Diftance contained between the Extremes of thofe Sides which
contuin the given Angle, . - ' :

2 Prozg
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Pros, V. Fg. ABCDandS. Plae IV.
o duferibe @ Circle of any giwen Dismeter, fuppofe ten Faet, and to deferibe
Owals of the firfly fecond, thivd, and fourth Kinds, to any Length required.

Operation. Firlt, make a Scale of equalParts, as Z, and et each Part repre-
{ent one Foot. Take g Partsin your Compafles, and on « deleribe the Circle,
whote Diameter ¢ #, will be equal to ten Feet, as required

Secondly, Divide @, f; Fig. B, the given Length of an Oval, into 3 equal
Parts at ¢ and &, whereon with the Radius & f; delcribe two Circles interfedt-
ing each other, in ¢ and g, from which twa Points, thro’ the Centers e and &,
draw the Lines g ed, g b #, ¢ b m, and c ex; on the Points ¢ and ¢, with the
Radins ¢ 4, defcribe the Arches & 4, and » », which will complete an Oval of
the firll Kind.

Thirdly, Letd £ Fig. C, bea given Length, as before.

Divioe 4 f into four equal Parts, ate¢e b, outhe Points o, with the Radius
¢ d, deferibe two Circles, touching each other in the Pointe; on ¢ 4 make the
two equilateral 1'riangles @ c 4, and # ¢ b continuing theit" Sides out both ways
at pleafure as to §'8 6and 7, on the Points @ and #, which with the Radins »
3, defcribe the Arches § 6, and 8 7, which will complete an Oval of the fe-
cond Kind. .

Fourthly, Let a £ be a given Length, as before.

Diviog o # into 24 equal Parts, and draw & Zand f 7, parallel thereto,
each at the Diftance of 1o Parts ; draw e 4 through the Middle of 2 £, at right
Angles to a £, and make ¢4, e d, alfo g £, and g 7, éach equal to 10 Parts, and
then will you have completed two geometrical Sqaares, wiz. ¢ fg and c d g,
Draw their Diagonals, and on their Centers y and =, with the Radius of = 4, or
& 7, delcribe the Arches fa 4, and 4 4 . On the Points ¢ and g, with the Ra-
dius g 4, defcribe the Arches b e 4, and £ 4 7, which will complete an Oval of
the third Kind.

It is here to bs noted, That as the Proportion, that the Side of 2 geometrical
Squarg, bearstoits diagonal Line, is yet unknown to all Mathematicians, the
Difference between them cannot be afcertained. But however, the neareft Fro-
portion that the Side has to the Diagonal, is, as Five is to Seven; that is, if the
Side be five, the Diagonal is feven, and a little more. And therefore when the
Length of the Oval is divided into 24 equal Parts, or twice 12, then ¢ 4, &5z,
being 5, = # will be 7, and a little more ; and therefore when the Arches 4 4,
and 4 a £, are defcribed on the Centers y %, they will exceed the Points aand &,
fome {mall Matter. =

Fifthly, Let ¢4, Fig.S, bea given Length as before.

Divipe the Length ¢ 4, into four equal Parts, at the Pointst. 2. 3 and through
them draw the Linesr¢, 4 #, and s«, at right Angles, to the Linee 4: make
iry 12, alfoz b, 24, and 3 ¢, 3 @, each equal to one fourthof ¢ 4, wix. t0 e 1,
and complete the 3 geometrical Squares, e 2 4, b 123, and sz w 4, continuing
the Sides # 1, and 4 1, as alfo the Sides 4 3, and # 3, out at pleafure, On the
Centers 1 and 3, with the Radiuse 1, defcribe the Arches m e 4, andd 4 o,
On the Centers 4 and », with the Radius »5 or # 4, defcribe the Arches 4 4, and
7z ¢, which will complete an Oval of the fourth Kind, as required.

Pros. VI., Fie. V, W, X, R, T and ¥, Plase IV,

To make an Owalof aiy Length and Breadth required, by divers Methods.,

Ler the Lines = 2, x », £7¢. V. be the given Length and Ereadth,
Operatien. Firft, make 4/equal to = =z, and by Pros. VI, LEC'T', TIT.
divided /in two equal Parts, by the Line 2 ». Make x ¢ and x #, each equal
to half # x. Make 4e, equal to x ¢; divide ¢ x into three equal Parts, and
makee b equal to 1 Part, Make » requal to » b, and by Pros. I. hereaf,
on the Line 4 ¢, complete the two equilateral Triangles, 2 a ¢, and » 5 #, con-
tinuing their Sidgs thro’ the Points 4 and ¢, at pieafure, On the Points band s,
g - with
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with the Radins # 7, deferibe the Arches 4 /m, and 4 4 ¢ ; alfo on the Points
a and », with the Radios» 4, deferibe the Arches, & ¢ #, and g # 2, which will
complete the Oval, as required.

Secondly, by @ Divifinn of tave Cirche, Fig. W,

Lzt the given Length and Breadth be the Lines x », = =, as before.

Operation. Make the Line 1 2, equal to the given Line x %, and divide it jnto
two equal Parts by the Perpendicular § 6.  On e, the Point of Interfe@ion, with
the Radiasa 1, deferibe the Cirele, 1 3 2 6 alio on 2 with a Radius equal to
half the Live » x, delcribe the concenttick Circle 7, 4, 8, 5. Divide the Circums
ference of each Circle, into any and the fame Number of equal Parts (the
mbre the beter] as in the Figare where each Circle is divided into 24 Parts,
Draw right Lioes from the Divifions in the fmall Circle, parailel to the Liner 2,
to the Rightand to che Leftat Plealure. Alfo draw right Lines from the Divifions
as sr ¢ x %, 10 the outer Circle parallel to the Line 3 6, and throagh the Points
of Interfcflion, that they male with the other Lines before drawn, asc debd i,
&, trace the Circumference of the Oval, whofe Length 1 2, is equal to = =,
and Breadth equal tow x, as required,

Thirdly by th: Ordinates of @ Circle, Fig. X,

LeT the given Length and Breadth be as before.

Opsration. Make b e and 2 4, at right Angles to each other, and equal to the
given Length and Breadth. On ¢, the Point of Tnterfe&tion widh the Radias ¢ 4,
deferibe the Cistle @ § &, &'¢. Divide the Semi-diameter ¢ f, into any Number of
equal Pasts, fuppole 4, 25 at the Points 12 33 thro’ which draw right Lines,
parallel'to a4, as 1¢, 2+, 34, which are called Semi-ordinates of the Circle,
Divide d cand ¢ ¢ into the fame Number of equal Parts, as £ ¢, at the
Pointe 4, 5, 6, thra' which draw Lines parallel 10 2 4. Make 4 7, 4 m (which
are Semi-ordinates of the Ellipfis) each equal to g, the Semi-ordinate of the
Cirele. Make 5 8, and § », each equal to the Semi-ordinase 2 75 alfo 6 g, and
6 o, each equal to the Semi-ordinate 3 #; then from the Point a, through the
Points 7, 8, 6, ¢ om m d, trace one half Part of the Ellipis. In the famie manner
fet off Ordinates on the other Side, and complete the Eilipfis, as reqaired.

Fourthly, by the Help of @ Line, or String, Fir.'T.

Let the given Line 5 be the Length, and the Line v the Breadth.

Operation, Make b £, the Jong Diameter, equal to the Line b, and /', equal
to the Line'aw, and at right Ancles to b £ Seét ¢ £, half the tranfverfe Diame-
ter, from 4 to 4, and to g on the traniverfe Diameter, which are called the
Focas Points-of the Ellipfis, wherein fix two Nails, &z, and abour cither of
them, fuppofe the Nail at o, put a double Line of Paclethread. €5 which fhall
reach unto the Point £; then with a Pencil, &c. applied within the fzid Line,
and held uprizht, trace about the Circamference of the Ellipfis, which will pafs
through the Points 5.4 », as required.,

Fifthly, by Help of @ Trame!, Fjg. R,

Lev & b avd ¢ #, be the given Diameters, drawn at right Angcles,

Operation. Firlt, make a Tramel, which is nothing mare than two Pieces of
Wood, asé i, and & g, fixed rogether at right Angles, with a Groove in the
midf of each, wherein the Pins g ¢ of the Defcribent g & move, as the tracing
Poiat # deleribes the Ellipfis.  The tracing Point 4, is generally a fixed Poiat,
but the Points g and ¢, are moveable Points, and are made to {lide on the De.
feribent at pleafare,  The Diftance of the Point ¢, from the Point a; 15 always
equal to ¢, half the conjugate. Diameter, and the Diftance of the Point g, from
tie Peint g, is always egoal to half the tranfverfs Diameter. Fix down the
Tramel aver the two given Diameters, fo that the middle Line of each Groove
may lie directly over them ; and the Points geand 2, being fixed as afore-
faid: Then putting the two Poings ¢ g, into the Grooves, with one Hand
move the tracing. Point ¢ (wherein generally is fixed a biack lead Pencilj and
with the other guideithe Pins or Points ¢ £ 10 their refpeflive Grooves, whilft

: the
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the tracing Point 2, makes one Revelution, which will defcribe the Ellipfis
required,
Paon. VII. Fig. V. Plate IV,

To deferibe an Llliptical Poljgon, about a Plantation of Trees, or Piece of

ater.

Ler 2/ be the given Length, and e 4 the given Breadth,

Operation. Nake a Parallelogram, as b 4 ¢ g, whofe Lengthis equalto ¢ £
and Breadth to ¢ 4. Bifeét the Sides 4 & and cg, in the Points ¢ 45 alfo the
Ends % ¢, and 4 g, in the Points gand £ Divide every half of the Sides and
Ends, into any (and thefame) Number of equal Parts, the more the better. In
this Example, d 9, and £ 9, are divided each into g equal Parts, asat the Points
I 234, &% in each Live, Draw right Lines from #to 8, in fo, as allo
from 1 ta 7, from 2 to 6, from 3 to0 5, from 4 to4, from 5t0 3, from Gto 2,
from 7to 1, and fiom 8 to £; and they will form one fourth Part of the Ellip-
tical Polygon. Proceed in the fame manner, to deferibe the remaining three
Parts, and they will complete the whole, as required.

Noie, In Praflice this Figure may do near enough to reprefent an Oval; byt

#tri€tly confidered, it is a Polygon of 4 times the Namber of Sides, as are
. Parts in each half Side.

Pron. VIIL. Fig. Z. Plare TV.

To defevibe an Egg owallar Polygom, about ay irrvegular Pigce of Waier, By

the Tuterfeiion of right Lines.

Ler the given Length be /4.

Operation. Eiett Perpendiculars on the Points fand £, as a¢, and & 4, whick
continue both ways at pleafure. Make £¢, and fa, each equal to one third
of £ 4; alfo make b/ and b 4, each equal to three fourths of 4 ¢, and draw
the Linesabandc & Bile€t ¢ding, dbinh, abine, andacin £ Then
by the laft Problem, divide each half Side, and half End, into equal Parts, and
draw right Lines thereto, which will form the Curvawre of the Egg ovallar
Polypon as required.

P. Pray 8ir, awby do you call thefe tavo laf Figures Polygons 2 for, ift I miftake nor,
there are fome Authors wwko call them Owals or Eliipfis. =

M. "Tis very true, and foan equilateral Triangleis, by the Ignorant, called
a three.fquare Figure, and an Oftagon, an eight-fquare Figure, which is ridi-
culous and abfurd, becaufe neither of thofe Figures have any {guare Angles.
And a5 all Ovals are compofed of Archesof Circles, how is it poilible that right *
Lines, which form the Bounds of the aforefaid Figures, can produce Arches of
Circles? Theréforeif this be confidered, *tis plain that the Bounds of the afore-
faid, and all fuch other Figures, arc compoied of a Number of right Lines,
which make very large obtufe Angles; and therefore they are either regular
Polygons, or Parts thereof ; and the’ they come very near to the Bounds of
Circles, or Ellipfes of the fame Diameters, yet in fa& they are neither. Bug
however, as “tis caftomary to call them Arches, I will therefore do {o too, in
the following Prablems.

Pron. I1X. Fig. AC. Plate IV.
To deferibe a Semi-circle by the Interfoiiion of right Lines,
LeT a ¢ be the given Diameter,

. Operatisn. Bife&t a ¢ in &, whereon ereé the Perpendicalar & 4, equal to 2 4,
by Pros. X. LECT. HL Divide the Angle 45 ¢, into two equal Parts, by
the Line 4¢. Divide & cinto 7 equal Parts, and make & ¢ equal to g of thole
Parts. Draw the Lines b ¢ and ¢ ¢, which divide into any Number of equzl
Parts, a5 in Paos. VII. hercof, and then drawing the Lines ¢ 1, 12,2 3, &r.
they will form the Quadrant » ze, Proceed in the fame manner, o form the
Quadrant a 4, and it will complete the whels, as required; 2

: ROE,
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Pron, X. Fig. AB. Plase IV.
Ty deferibe @ Schente drch, avithout any Refpet? being bad to its Center.

LeT a ¢, be the given Length of its Chord Line, and one half of the Perpen-
dicular &, its given Height.

Operation. Bifeft ac, and ere& the Perpendicalar §, equal to twice the giver
Height. Draw the Linesa 4, and & ¢, which, asin Proz. VII. divide into
equal Parts, and draw right Lines of Interfeétion, which will complete the whole.
as required.,

Prop. XI. Fig. AD, and AE.

To deferibe a Gathick drch for the Head of @ Dour o Windaw, by the Interfeition

of Lines.

Letag, Fig. AD, be the givenjErcadth, and ¢ ¢, the given Height.

Operation. Make a g, equal to the given Breadth, which bifeét in e, where-
on ercét the Perpendicularc ¢, equal to the given Height. Diaw g 4, and g 4,
parallel to ¢ ¢, and each equal to halfec. Draw the Lines ¢ &, andca.  Di-
vide the Lines a 4, b¢, ¢ d, d g, cach into equal Parts, asin Pros. VII. and
draw the interfe@ing Lines, which will complete the whole, as required.

Fig. A E, isanother Example, whofe Height is lefs than Fig. A D, but its
Conftrutiion is all the fame.

Nite, If 'tis required to have the Curvature of the Hanfes of thele Kinds of
Arches, to be more or lefs flat, the Height of the Lines 2 & and dg, muft be
increafed or decreafed at pleafure, which a very little Praftice will make you
perfett in,

3 Pros, XII. Fig. A G. Platz IV.
To deferibe a Gothick Arehy compofed of real drebes of Circles.

Lzt » g be the given Breadth.

Operation, Divide # g into 3 equal Parts, at m o, whereon with the Radivs
o ¢, delcribe the Semi-circles g m and o 2. On the Points » m o g, with the Ra-
dius # g, deferibe the Arches g 7, m £ 7, 0. g,.and 2 g.  From ¢, thro's, draw
the Linc god, at pleafore. Alfo from 7 thro’ 2z, draw thro” the Line # b at plea-
{ure ; alfo, on the Points ¢ and », with the Radius g o, more o g, defcribe the
Scheme Arches on each Side of ¢, which will meet the aforefaid Semi-circles, at
the Lines 4 » and 4 ¢; and then will # ¢ g be the Gothick Arch required.

Note, The Archesa b e, and ¢ 4 f; are concentrick to the former, as being

defcribed at any given Diftance on the fame Centers.

A Gorxrex Arch may alfo be defcribed as in Fig. A F, as follows.

LeT ¢ 0 be the given Breadth.

Operation, Divide ¢ g into five cqual Parts. On the firt Part, at each End,
as on & and », with the Radius » ¢, deflcribe the Semi-circles ¢ ¢, and m / o.
On the Points 0 2 ¢ &, with the Radiuso 4, deleribe the Arches & g, ¢ p, and
7 p, og, interfelting each other in the Points p and g3 from whence, thro’ the
Points 4 and #, draw the Lines g 4 g, and g 4, at pleafure. On the Points p

and g, with the Radius p /, defcribe the Arches/ 4, and 4 £, inserleling cach
other in #, which will complete the Arch, as required.

Note, The concentrick Arch, ag i/, isdeferibed on the fame Centers as &
7, and p g. : :

Pron. XIIT. Fig. C. Plate V.
To deferibe an Arch, whofe Height is greater than balf its Chord Line.
Lzx c 4 be the given Breadth, and ¢ b the given Height.

Operation. Bifck ¢din ¢, and thereon ereét the Perpendicular ¢ a, of Length
- at plealure. Makee bequal to the given Height; allo & g equal to e b, and
draw the Lines ¢ 2 and z 4, which divide into equal Parts, and draw the inter-
fe@ing Lines, which will form the Areh as required; and which is of very
great Strength, and much flronger than a Semi Ellipfis of the fame Breadth and
Height, as I fha/l demonitrate to you hereafter, when I come to explain the
Swength and Abutments of all Kinds of Arches,

Prozy
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Pron. XIV. Fip, AT, PlareIV.
Do deferite @ Rampars Semi-circular Arch, by the Tuterfefion of Right Lines.

Lsr ap be the given Diameter, and « & the Height of the Ramp.

Operation.  BifeCtap in n, whereon eret the Perpendicular # ¢, of Length at
Pleafure. From the Point @, draw « b, parallel to # ¢, and equal to the given
Height of the Ramp; and draw rhe oblique Line £p ByPros. X, LECT. 11I.
divide the Angle ¢ zau into two equal Parts, by the Line #f Divide # # into
fcven equal Parts, asin Proe. IX. hereof, and make # [ equal to nine of thofe
Parts. ‘Secup ¢ ¢ equal to e s, and draw the Lincs = £, £, on the Points # and
e, find the Point of ‘Interfettion ¢, by making ¢ cequaltoe s, and ¢ bto £p,
and draw the Lines ¢4 and ce.  Divide the Lines 4 ¢, ce¢, ef, and £, inwo
equal Parts, and draw the inteife@ing Lines, they will complete the Semi-circle;
as required,

Pron. XV. Fig. AL, Plate 1V, _
To defiribe a Rampant Semi-Ellipfes by the Interfeétion of Linet,

LeT o be the tranf{verfe Diameter, £ equal to half the conjugdte Diametet,
and a 4 the Height of the Ramp.

Operation. Makeob equal to tlie given tran{verfe Diameter, which bife& in o
wherean erect Perpendiculars, as gd, at Plealire. Draw ca and ¢ &, parallel to
&d, of Length at Pleafure ; make ¢ & equal to the given Height of the Ramp ;
al.o make £ o and b, each cqual to half the given conjugate Diameter ; and
draw the Line ae. Divide ba, ad, de, and ¢ b, into equal Parts; and draw
the interfeéting Lines, which will complete the whale, as required. '

Pros. ®VI. Fig. AH. dhd. A K. Pl IV,
Yo deferibe a Rampant Circle, and a .?Em)rgﬁal'z.' Ellipfisy by the Interfedion of Right
FHES

Firft, To defcribe the Rampant Circle, Fig. .

Lz Jf be the Diameter given. : .

Opcration. Make g equal 16 4/, aid by Proz. III. heteof, complete the
Rhombus acgi. BifeGaciné, cilnf, aglnd, and giin j; then divide
abbe,cf, fi,ib, by, gd and da, into equil Pares, and draw the intetf{edt~
ing Lines, which will complete the whole, as required.

1. To deferibe the Rampart Ellipfis, Fig. A K.

LeT ¢d be the tranfverf, and 54 the conjusate Didmeters ; alfd let the
Angle 41 b be a given Angle,

Operation. Make g i equal to ed, and the Angle 4i % beequal to the given
Angle. By Pros. I1L hertof, complete thé Rhomboid @ ¢ g7, whole Sides and
Ends bife¢t inthe Points e b d b, Divide a b, be, cd, di, i b, hg e, and ea,
into equal Farts, and then drawing the interfeéting Lines, they will compleiz the
whole, as required. -

Pron. XVII. Fig. A, Plare V.
To deferile a Rampant Scheme Areh by the Interfetion of Light Lines,

Leted be the Chord Line, or given Breadth, ¢ £ the given Height of the
Arch, and za the Height of the Ramp, ! _

Operation, Mazke ed equal to the given Breadth, which bife& in £, Whereod
srett the Perpendicolar g &, of La:rlg{]%l at Pleafure. Draw 4 parallel to g 5
and equal to the given Height of the Ramp. Draw the Line a4, and malke
Feand ¢4, each cqual to the given Heizht of the Arch, Draw the Lines # 4
and 4.d, which divide into equal Parts, and drawing the interfe€ling Lines; théy
will complete the whele, as required.

M : Pros;

4
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Pior. XVIL Fis. B. Plate V.
T deferibe & Raswpant Gothick dveh by the Interfeiion of Right Lines,

LeT ie be the given Breadth, and g & the given Height.

Operatise. Malte i ¢ equal to the given Breadth, which bife@ in £, whereon
ereét the Perpendicalar / 4, of Length at Pleafure; from the Point B draw the
Tines i @and ¢d, parallelto £#, of Length as Pleafure ; mzke 7 b equal to the
given Height of the Ramp, and draw the Line be, make bu and o d, each equal
10 half the given Height, alfo make c) egual toe¢ g, draw the Lines aé, and
3 4. Divide the Linesz %, a6, allod dand 4z, each into equal Pasts ; ané
draw theinterfe€ing Lines, which will coniplete the whole, as required.

Pros, XIX. Fig. D. Plate V.
To deferibe a Rampant Semi-circle by Ordinates.

T.et ¢4 be the given Diameter, and ¢ a the Height of the Ramp.
Operation. Make 7db equal and parallel to the given Diameter c ¢, on the Points
¢ ¢, ere@ the Perpendiculars c 2 and ¢4, each of Length at Pleafure. Divide'the
Diameter ce itto any Number of Parts, either equal or unequal, as at"the Points
14 68,&c On/ withthe Radias /¢, defcribie the Semi-circle c e, and from
the Points T 4 6 8, &c. draw Right Lines parailel to the Line ¢ @, of Length at
Pleafure. Make g « equal to the Height of the Ramp, and draw the Line a 4.
"Take the Ordinates 1 2, 4 3, 6 5, 87, &e. in the Semi-cirele D, and fet them
an the Line « &, from 1 102, from 4 t0 3, from G to 5, fiom 8wy, &¢. and
from the Pointa, through the Pointsa2 3 5 7 £, &e. trace the Curve 4 /4, the
Rampart Semi-circle req uired.

Fig. B. s a given regalar Scheme Arch, from whofe Ordinates the Rampart
Scheme Arches dpf, & J,and w m p, are produced at differentHeights of ramping,
as ¢ f, b4, and{a, where every refpettive Ordinate are equal in each, unto
thofe in the regular Scheme Arch @ be, Fig B. 8 ;

Fip. F.isagiven rcgu]arSemi-EI]ipﬁs, fi'o_m whefeOrdinates the Rampant Se-
mi-Lliiphs g ¢, and Fm i, are produced, at different Heightsin the fanie Manner,

Pron. XX. Fiz. G, H. Plarz V.
T deferibe a Parabola. ~
Nots, When a Cone has a Seftion cut parallel to its Sides, the curved Boun-
dary of the Superficics, made by the Scétion. is called 2 Parabola.

e x ff be a given Cone, and 'Z- ¢ the Pcrpr:_ndlcuiar of the given Settion.
Operation. Bifedt the Diameter of the Baleffin p, and from x, the Vertex of
the Cone, draw x #, its Axis, which continue downwards 2t Plealure towards 4,
in Fig. 1. inany Part of the faid Line a2, continued, as at 5, diaw /g, parallet
to /., and make 5 & equal to & & Divide b ¢ into any Number of egqual Parts,
funpole four (but the more the better) as at the Poluts ¢pm «5 atid from thofe
Points draw Right Lines parallel to theBade /7 meet the Side of the Conc in the
Points g r pi 4. Aliodivide § =, in Fig. H. 1nto the fame Number of equal Parts
at the Voints 1, 2, 3, 4, and through thofe Boints draw Right Lines to the right
2nd left at Plealure, and parallelto /g “In Fig. L. mzke 5 » equzl to £p, the
Bems_diameter of. the Cone, and with the Radius 7z 5, on the Point #, defcribe
the Cireles Lam &, onnin Fig. I. withthe Radivs's £ 5, 72w, b, e g g, in Fig. G,
deferibe the Circles 4 fg £, and from the Points o poms, in g, G, draw Right
Lines pasallelto wm 4, interfaéiing the outward Circle in Fig. L. in the Points
2 b, thenext inthe Points 4, the next in the Peints ¢/, and the ‘next in the
Points b gy interfe&ing the Diameter Lo, in the Peints o pg. Then wall the Lines
ab,cd, }f_ bom ki, bethe {everal Ordinates of the Peratiola that pailes through
its Perpendicklar, at its divided Points, 1 2 3'4 ; and thercfore making ¢/, gy,
ek Banal to o e, erol, in Fiz. 1. allo 4 =, 42, each equal to ¢ #, ora d, alio
, cachequal o pearpf atfoz x, 23, each equal toh g ot g g, 2nd from

30 54

ihe Point /, in Fie. H. throvgh the Points mpx 8w, 10 g, tracethe Curve of
s o 7 ’ i
the Pasabola requirgd,

Nete,
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Nate, It is to be obferved, that to deferibe the upper Part of the Curve wish
$xatinels, it is neceflary to find the Points » and ap, asfollowing; divideé p, an
be, in Fig. G. intwo cqual Parts in o, and draw o » parallel to x 4, allo divide
= 2, on the Lire » 4, in Fig. FL into two equal Parts at 1, and draw v, pa-
rallel to x 55 on #, with the Radins # g, in Fig. G, deferibe the Cirele 44, and
from the Point ¢ draw the Line o £7, parallel to x 4, cutting /a in the Pomts,
tnake 1 r, I ap, in Fip. H, each equal to £#, and through the Points » v, trace
the Curve, By the (ame Method you may find more Points if required,

Peon. XXI, Fip K, L, M. Plate V.,
- To deferibe an Hyperbola.

Note, When a Cone hasa Section cut paraliel toits Axis, the curved Boundary
of the Figore, made by the Se&ion, is called an Hyperbola.

Lzr acé be thegiven Cone, and 4 » the Perpendicular of the given Seftion.

Operation. Bifedt the Bale ¢ bin . Continue the Axis « £, downwards at Plea-
fure, as to m, in Fig. M. and in any Part thereof, as atq, draw 5 parallel to ¢ &,
and make § m equal to 4z, Divide d» and § a, each into the fame Number of
<qual Parts, as atx Fge,and 1 23 4. From thePoints ¢ ¢ £z, draw Right Lines
parallel to ¢ &, cutting the Side of the Cone in the Poins i /s Nake sz
cqual to c#, and through the Point », draw the Line o ¢, parallel to y 5, and
equal toc 43 on the Peint #, awith the Radius ¢4, deferibe the Circle o 5 £ 7,
alfo with the Radius’s ms, 47, &g, and 7 p, deferibe the Circles g ¢ » 5. Con-
tinue 4 », the Perpendicular of the Seétion parallel to the Axis a 2, inter{eéting
the feveral Circles in the Points @%b ¢ degh ik /. Through the divided Points
T234,inthe Linems, #7g. 1., draw Right Lines parallel to y x, to the right
and lefat Plealure. Make gy and 5 », in Fig. L. each cqualtofa, or £/, in
Fig. M. alfo make 4,8 4, 12; each equal tof 4, or £4, alfo make 2 7
3, 11 ; each equal'to fc, or 7, alfe make 2, 6; 2, 10 ; each equal to f e or £h}
and laftly, make 1, 55 1, 9; each equal to half eg, from thePoint y through the
Points 8, 7, 6, 5, m g, 10, 11, 12, tox trace the Hyperbola required.

Pron, XXII. Fiz. N, Plate V.
Llpon a given Right Line 1o deferibe any Polygom, from a Hesagon to a Duodecagon,
Lew anbe the given Line.

Operation. Bifedt the Line @ win the Point o, whereon ered the Perpendicular
s 7z, upon the Points 2 and 2 with the Radius @ # ; defcribe the Arch x », which
divide into fix equal Parts at the Points 1,2, 3,4, 5 ; makex 6 equal to x 2. alfo
rmtoxs, xi0x4, xeto w3, » o2, and xeto x 1. Then will the
Points xcd e im 6, bethe Centers of the Cireles, 6,7, 8,9, 10, 11, 12, which
are capable of containing the given Line, fix, feven, eight, nine, ten, eleven,
and twelve times, and thercfore will be a Hexason, Septagon, Oétagon, &c

Byt to make this more intelligible, I will illufirate each Pelygon fingly in the
following Problems. 3

Prow. XX1H. Fg. A. Plate VI,
To deferibe @ Pentagon, aobofe Sides foall be each equal to £ g0 a gicven Line.
Operation. On the Points g and £ with the Radius £, deferibe the Arches » g,
and z £ ; maken s cqual to b, the'Chord Line'of one Sixth part of the Arch
# f; andon =, with the Radins = £, deforibe the Circleg &¢ g /5 then making
Sfa, @b, be, cg, ga, each equal tog £, draw the Linesa £ £4, fec, and ¢ g,
which will complete the Pentagon, asrequired.

Proz. XXIV. Fig. B. Plate V.
To d:feribe a Hexagon, suknfe Sides fiall be eachequal to W g,
OQperation. On the Points hand g, with the Radius b g, find the Point of Intes-
tslion #, whereon with the Radius » g, dc(c;ibe the Circle g & ¢4 g by make 4 as
2 ab,
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6 b, bey, ¢d, de, and ef, each equal to b g, and draw the Lines b 2, a3, b ¢y
¢d, de, and ¢f;, which will complete the Hexagon, as required.
Prop. XXV, Fir. C. Plare VL
Zo defiribe a Heptagon or Septagon, wvbofe Sides fball be each equal to a given
A Line, as y f.

Operation. Biledty f in =z, whereon ereét the Perpendicular = 7, on the Point £
with the Radius y /; deferibe the Arch y 5, make sxequal to one Sixth part of the
Chord Lineofthe Arch v, on x: with the Radius £ defcribe the Circleya g3 7
de f, wherein from the Point y fet the given Line y £ from y to 2, from 2 to 3,
from 3 toy, &'¢c. and drawing the Lines y a, 2 3, 3 7, &, they will complete
the Septagon, as required. ¥

Pros. XXVI. Fig. D. Plate VI.

To deferibe an QfFagon, whofe Sides fhall be eack equal to a given Line, asp q-

Operation. Bifedt pgin o, whereon ereét the Perpendicular 7, on the Point
g, with the Radius ¢ p, defcribe the Arch p x ; make » r, equal to 2, the Chord
Line, of one Third-part cf the Arch p x; and on r, with the Radius r p, defcribe
the Circle 2 b c d e f ¢ p, wherein fet the given Line g ¢, from p to a, from ato 4,
from b to ¢, &c. and drawing the Lines p a, a 4, b, &, they will complete
the Odtagon, as required.

: Pron, XXVII. Fig.E. Plate V1.
To deferibe a Nonagon, auhofe Sidesfoall be cqual to a sizien Line, ase ¥,

Oferation. Bife ¢ £in b, whercon ere@ the Perpendicular b4, onf, with
the Radius ¢, defcribe the Arch ee Make 2 ¢ equal to the Chord Line of half
the Arch ea, 252 = ; on 4, with the Radius df, deleribe the Circle ¢ tsr g menm,
wherein fet the given Lineef, frome to ¢, from 2 tos, from = to », &5¢. and
drawing the Lines o4 24, sr, &e, they will compléte the Nonagon, as ree

uired.
piei Prop. XXVIII. Fig. F. Plate V1,
To deferibe a Decagon, wwbofe Sides fball be equal ts a given Line, as p e,

Operation. On eand p, with the Radias e p, deferibe the Arches 4 pand ae,
and on « ereft the Perpendicular a¢; make 2 ¢ equal to the Chord Line of two
"Third-parts of the Arch 4 p, and on the Point ¢, with the Radius ¢ g, defcribe
the Circle ¢ »g b ik {moe, wherein fet the given Line p ¢, fromp to », from
750 i from g to &, &F¢, and drawing the Lines pa, # g, g5, &e. they com-
plete the Decagon, as reguired.

- Paos. XXIX. Fig. G. Plate VI
To dferibe an Undecagon, wvlbefe Sides fhall be equal to o grven Ling, ased.

Operafisn. On the Points ¢ and 4, with the Radius 4e, defcribe the Arches £as
and ¢ ¢, make @ requal to the Chord Line of five Sixths of the Arch e, on the
Poiat ¢ ; with the Radius g e, defcribe the Circle i #/ m, {0'c. wherein fer the
given Line ¢ 4. from eto 7, from ito 4, &c. and drawing the Lines e 7, 72, &5z, .
they will complete the Undecagea, as requi:cd.

Proe. XXX, Fig. H. Plate VI.
T deforibe a Daoderagon, awbfe Sides foall be equal to a given Line, as g f.

Cperation. Makega and ad each equalto g/, and, with the Radius 47, defcribe
the Circle 747 &, &, wherein {et the given Lineg 7, from g to b, from 4 tos,
from 04, Je. and drawing the Lines g b, 24, i #, &¢. they will complete
the Duodecagon, as required, ' ' : :

[lavang thus fhewn the Conltru@tion of each Polygon feparately, you will
eafily underlland how tp make any Polygon from twelve to twenty-four Sides,
by the foliowing :

Prop. XXXI, Fig.O. PlatsV.
Yo mafe o Peligon of any Number of Sides frim tawelze to pnventy-foury upon @ gisgen
‘ = F Ling, as b, .

Operatiai,
/ Uik
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Operation. Bile@ b ¢, in d, whereon ereét the Perpendicular 4, 2, 24, of Length
atPleafure, on thePoint ¢ defcribe the Arch 4 e, which divideinto 12 equalParts.
Take as many of the 12 Parts of & o, as are Sides in the Polyzon required more
than 12, Sappofe, for Example, a Polygon of fix Sides; opon the Pointg, with
2 Radivs equal to four Parts, defcribe the Arch 12, becanfe the 12 Parts in the
Arek © a, and the 4 fot from a ts 2, are equal to 16 Parss.  Upon the Point z,
with the Radius of 4 Parts, deferibe the Arch ¢ 8, on the Point 8, with the Ra-
dius 8 ¢ defcribe the Circle 16, the Circumference of which will contain the
given Line & ¢ fixteen times, and thereby complete the Polygon, as required,

The liteis alfo to be performed for any other Polygon.

Pron. XXXII. Fig. 1. Plate VL.

To make an Eguilateral Triangle, Geometrical Square, Pentagon, Hexagon, Septagon,
Odagon, Nonapon, er Decagon, avithin a given Circle.
Let i 4 a = be the given Circle,

Operaticn.  Draw the Diameters i g and 4z, at Right Angles to each other,
alfo draw the Line 44, which bife& inthe Point 2, and from A, thro’ the Point
2, draw the Line % 2z 4 ; throngh the Peint = draw ¢ a, parallel to 4 =, or make
ac, and a s, eachequalto e b, alfo draw be; make 2 ¢equal to 24, and
draw 4 ¢, divide the Arch »r ¢ ¢ into three equal Parts, and make x equzl
to one of thofe Parts. T'hen ¢ m is the Side of an Equilateral Triangle ; da, of
a Geometrical Square; ¢ e, of a Pentagon; 45, of a Hezagon ; fm, of a Hep-
tagon ; b a, of an Gétagon; m x, of a Nonagon; and ¢ b, ofa !5ccagcm; which
may be made within the Circle / 4 a =, or Circlesequal thereto; as in the Circles
KLMNO P, which are equal to the Circle, Fip. I. and which conrain the
following Palygons, wiz. Iu the Circle K is a Peatagon, in L a Hexagoa, in
Ma Scpragon, in N an Oclagoh, in O a Nonagon, and in P a Decagon.

Prop. XXXIIL Fig. A. D. Plate VI.

To diferibe ary regular Polyson on a given Side, by Help of the Line of Chards,
g Engaving the Quantity of Degrees coutained in- an Areh, avhofe Chord Line is the
Sidz of the piven Polsgon,

T'se Nember of Degrees contained in an Arch, wheofe Chord Line 1s theSide
afan Equilateral Tri.'-zr‘—-gle, are 120, of u Geometrical Square go; of a Pep!;h
gon 72, of a Hexagon fo, of a Septagon g1 3, of an O&tagon 45, of a Non-
agon 40, of a Decagon 36, of an Undecagon 32 -, and of a Duodecagon zo.

To prove that the aforefaid Degrees are the Quantity contained inan Arch,
whofe Chord Line is the Side of a Triangle, Geometrical Square, é&e. Divide
360, the Number of Degrees in a Circle, by the Number of Sidescontained in
the Figure propofed, and the Quotient isthe Number of Degrees contained in
the Arch of every lich Chord Ling, which is the Side repuired.

Lz it be required to defcribe a Pentagon, as Fig. A D.

Operation. With 6o Degrees of your Line of Choids, on = defcribe the Circle
ab dib, makeab,bd, di, ik, ard b a, each équal z0 72 Degrees, and draw
theLines a b, b 4, 47,7 #, and b &, they will complete the Pentagon as required.

Note, Tf your Line of Chords fhould be of too large or teo {mall a Radius,
then proceed as follows, wiz. Suppofe it is required to deferibe the fmall Penta-
gon p &ium. -

FrrsT, complete the Pentagon a b 4 ik, as before taught, and draw the Lines
shma xb mdoand z i Biie&any Side of the Pentagon, as 44, in # ¢ make
z ¢ and # each equal to half one Side of the given fmall Pentagon, and draw £ 4,
and «v p, at Right Angle , (o 2§, meeting the Lings o x and 4 =, in the Points
pand 4. Makez/, = », xm, each equal to = £.0v 2 p, and drawing the Lines -
44, & py pm, mn, and # /, they will complete the Peatagon, 25 required.

. Examere IL

Acary, Suppofethe fmall Pentagon p & /2 is given, and it is requived to

gefcribe the large Péntagon @ & &7 b, with a fmall Lipe of Chords,

: Fiser,
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Firsr, Complete the fimall Pentagon, and from its Center draw Right Lines
through the angular Points at Fleafure. Continue any Side of the imall Pen-
tagon at both E fids at Pleafure, asthe Side £p, towards ¢ and » 5 bife® £p in
#: make ¢ g,ands »; cach equal to half of one bide of a ierE Penta‘gon Draw
thi Linesgd, and - a, at nghtﬁngneq to 4+, and continue thcm tn meet the Lines
a @, and x b, 1 the Poluts z and 4; make =4, =7, and 25, each equal to
% or 2 4 and draw the Lines a &, b 4, di, i b, and ba, which will complete
the large Pentagon, as required.

Pros XXXIV. Fig R. Plate VI

To deferiie any Polygan. ona given Side, baving the Number of Degrees given that
arecontained in eack Angle of the Polypan.

Tie Nomber of Degrees in the Angle of a reguler Pentagon are 108, in a I

Hexapon 2o, ina Septagon 128 %, in an O&agon 135, in a Nonagon 140,
I l.;ecmgnn 144, in an Undccagon 147 3, ami in a Duodecagon 150.

LEeT @ & be the given Side.

Operaron.  'Onthe Points 2 znd 4, with 6o Degrees of Chords, deferibe the [
Avches g Ffand b4; makeb=, and g », each equal 10 go Degrees, and =4, and
>/, each equal to 18 Degrees; than will the Arches ¢ f, and b+, be eachequal
%o 168 Degrees; throush the Points f:mc. /. draw the Lines z eand 4 2, each
equal to z b, by Pror. XI. LECT.IL makes the Angles 2 2, and ba m. cach

equslto the Angle ab 2, and draw theLines ¢ and z an, which will meet in 2,
aad complete the Pentaoon as required, And fo the like far any other ?O]}'gon.

Tie Wumber of Tegrees that are contained in the Angle of any Polypon, is
found bv ° ¢t the Number 'of Degrees contained in the Arch, whole
Cliore i a Side of the Polygon, from 108, and the Remains is the Quantity of
the Aaple vequired.

Pron. XXXV, Fig. Q. Plare VI,
Do find the Radius of a Gircle enpable to contain any Polyger, wubofe Sides /i
equal to a giwen Liae, asa c.

Operatien. Bife@ acin b, whereon eredt the Perpendicalar &3 make 2k
equal'to @z¢, and on %, with the Radins «fm, deferibe the Archad ¢, which di=
Vice ifito) 6 equdl Pafts atithe Powts 12 & 34, makeda, no, bp, po,prirs, v
and ¢ =, each equalto the Chord Line of lh“ Arch an, ap, 2 grer,anat, am
21, and draw the Lines z 2, which are the Semi-diameters of Circles that will
cemam all the Polygons from a Geometrical Square into a Duodecagon, wiz.
the Line oo, is the Radins of 2 Circle thaLv.iJi contain a Geometrical Square,
‘the Line 2 », the Radius for a Pentagon ; & &, for a Hexagon ; 42, for a Hep-
tagon ; ap, for an O&agon ; e, for a "\undgon &5, fcr 2 DLc':"un 3@ty
for an Undecagon; e, for a Duodecagon. In the like manner any greater
Number of equal Parts being fet above m, all other Folygens of more Sides
than 12 may be defesibed,

LE-C TURE [V,
Oy the ixferiling andciveamferibing of Geometvical Figures,
Pron. 1. Fg. T. Plats VL.
To inferibe a Circle, as e a b, in any Rightlined Tiiancle, asillk,
Peratiom By Pror, XI. LECT. 11, divideany two Angles of the Tri-
angle by Perpendiculars, as 74 and 2o, interfe€ &ing eac ch osher in fs

from wlmr,{.,, h; Prop. VII. LECT. IIL let fall E—‘umndquar, &5 j @
on f; with the Radius f a2, deferibe the Circle @ 5 ¢, which will touch the Sides
J: and £ 4, 1n the Points of Contact §and ¢, and therefore is inferibed, as re-
quired.

gon. 1l

z"tu.m {'Cr:f.'. arnl E“‘. S

e, wrbead.
Operation.
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Operation, Draw the diagonal Lines 44, and a¢, from the Center %5 ‘Tet fall
the Perpendicular #e; on the Center b, with the Radius 2e, deferibe the Circle
2 L, which will touch the Sides in the Points » /s ¢, and thercfore is inleribed,
as required.

Prosn. III. Fig. V.and W, Plate VI.

Tainferibe a Circle, ashk 1i g, aithin any regular Paifygon, as the Pentagon

abcedf

Operation. Let fall a Perpendicalar from ¢the Center 4, to any Side, asdp,
on fe ; with the Radius 4 g deferibe a Circle, which will touch the Sides of the
Pentagon, in the Poinws of Contalt, b4/:g, and therefore is inferibed, as re-
quired.

Fig. W. is a fecond Example of a Hexagon, which hath a Circle taferibed
svithin if, in the fame manner.

Puroe.IV. Fip. X Plate VIL
To inferibe a Geometrical Square, ase f d z, swithin any Right-fined Triangles,
: arabe.

Operatipn. Onthe Point ¢ erell the Perpendicolar ¢ v, cqualtoc £ From the
angular Point o, draw a g, parallel to x¢, meeting the Bafe & ¢ ing. - Drawag,
cutting g ¢ in /; draw [z, parallel to ag ; aifofe, parallel o be; and o4,
parallel to £z then wille fdx bea Ceomerrical Syuare, inleribed within the
‘Iriauglea b ¢, as required.

Prwoe. V. Fip. Y. Plate VI
To inferibe an Equilateral Triangle, asa be, i aGemetrical Square, asendg.

Operation. Draw the Diagonal 2 g, which bifeét in 2. On a, with the'Radiag
2 a, deferibe the Circle ca dg; ong, with the Radies e, delcribe the Ardh
bnf. Draw Right Lines from # 10 4, and to £, which will interfeftthe Sides of
the Square ¢ g and dg, in the Points b and e. Draw the Line %, and the Trie
angle 4 ¢ will be equilateral and infcribed, as required.

Pros. V. Fig. A. D, Plate VL

To inferibe ap Equilatoral Triangle, asbeg, stibin a Regular Pentagon, s

abdih,

Operation. Bife® any Side, ash i, in two, and ere@ the Perpendicular 2 & 5
alfo divide the Angle a A7 irnto two equal Parts, by the Line & &, cutting b2 in
=, the Center of the Pentagon. On £, with the Radius 4 =, delcribe the Arch
x =y divide the Arches x x and 2 ¢, each into two equal Pares, iu the Pojuts
¢ and m, through which draw the Lines boe and bm g ; allo draw the Line
¢g, then will 4 ¢ ¢ be the Equilateral Triangle infcribed, as required.

Pros. VIL.. Fig. A. Plaze V1L _
Ty inferibe a Reégular Pentagon, as ndeh k, avith an Eguilateral Triangle,
as aiv. = s ~

Operation. Let fall the Perpendicular @ £, 0n '3 with the Radies © 7, deferibe
the Arch i f co, .at Pleafure, Drawwp, perpendicular tow £,. cutting the Arch
ifsoinp. Divide the Archipinto 5 equal Parts, and make po equal to one
Past, and draw the Lines # o and v o, bife@ woin 4, and draw the Line /£,
continued to £; make v a equal to Zf; and draw the Line e £, cotting the Line
asink Mike ¢z equal o'k b Make 24 and b ¢, each egual to#'h, and
then drawing the Lines & #, ke, and ¢, the Pentagon = o ¢4 & will be inferibed
within the Triangle / @ @, as reguaired.

Prow: VIII. Fig. C. Plare VIL
To inferibe a Geometrical Square, as € DI, avithin a Pentagom, as daeng.
Operazion. Draw the Line de and ¢ & at right Angles thereto, Make o @
equal to ¢ 4, and draw the Ling 64, which will interfet e g, the Side of the
' T R ' Pentagon
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Pentagon in f. Draw /4 parallel to » g. - On the Points /£ and 5, ere&l the
Perpendiculars £ 4 and 4 ¢, meeting the Sides of the Pentagon a2 and @ 4, in the
Points c and & Dhaw ¢ b, and ¢ 65 £ will be the Geometrical Square fnfcribed,
as required.

Pros.1X. Fig. B. Plate VII.

Tvﬁud!fwe Sides of a Penta-Decagon, or ng'm’m- Pa.{)faat, of 15 Sides, avhich

may be inferibed in a givén Cire,

LeT cab fa be the given Circle.

Operation. By Prob. XXXI]. L EC T.1V. infcribe the Equilateral Tri-
angle a d g, and Pentagon ¢ 4l £z, fo that one Angle of cach Figure meet in
the Pointa : then will £, or # 4, be one Third-part of £&, or# ¢; and as Fé&

_and » r, are each one Fifth-part, therefore z 4 and £ g are each one Fifteenth-
part, as required,

Pros. X, Fig. G. Plate VIL
T circumferibe a Circle, as a b ¢ e, about a Gepmeivical Square, ara bee.
Operation. Draw the Diagonals, and on the Center 4, with the Radius a 4,
deiciibe the Cirele o & c £, as required.

Pron. XI. Fig. E. Plate VIL.
To circumferibe a Geometrical Square, as abed, absut a given Circle, asg fie.
Operatisn. Draw two Diameters at Right Angles to each other, as fe and gi-
Through the Points S, draw the Lines 2 & dud ¢ d, parallel to gi; alfo thro’
the Points gand 7. draw the Lines a ¢ and & 4, parallel to fe, which will meet
each other in the Pointsz bc 4, and form the Geometical Square, circumlcrib-
ing the Cirele, as required.

Pros. XII. Feg. . Plate VIL
To civeamferibe a Pentagon, as cb a e d, abont o Circle, as x whig, cnd a
Circle gbout @ Pentagon.

Operation. Firft, by Peos, XXXIL LECT. IV, defcribe the Pentagon
¢b a ¢ d, within the given Circle, and bife its Sides in the Points x = & fg, tor
which, from the Center =z, draw Right Lines to meet the given Circle in the

‘Pointsdcbae. DrawtheLinesde, c b, b a4 e, and ¢ 4, and they will form
the circum{eribing Pentagon, as required. :

Secondly, Bife€t any two Sides, as @b and l¢, in the Points band «v, from
which draw two Right Lines at Right Angles to thofe Sides, which will inter-
{e&t each other in #, the Center of the Pentagon, whereon, with the Radius = 4,
deferibe the circomfcribing Circle ¢ 4 2 £ 4, as required.

Prés. XIIT. F{g’. C. Plate VI,
To inferibe any Polygon wwithin any Circles
LeT it berequired to inferibe the Septagon a3 7 de f.
Grewerar RuLre. :

Draw the two Diameters z 4 and 7 ¢, at Right Angles, dividing the Circle
into four Quadrants, Divide any of thefe Quadrants into the fame Number of
equal Parts as there are Sides in the given Polygon ; then four of thofe Parts will
be the Side of the Polygon that may beinfcribed, as required : fo here the Arch
& 7, being divided into 7 equal Parts, the Sideé 3 7 contains 4 Parts,

Pror. XIV. Fiz. D. Plare V1L
To circum/fevibe any regular Polygon about enother Polygon of the fame Kind.
Lew it be required to circumfcribe the Hexagon e¢ ¢ / i x g-about the Hega?
gon @ bm kbf '
Operation:
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Operation, Draw the diagonal Lines 4 £, & 4, m f, to which draw right Lines
atright Angles, ¢ ¢, ¢ a, a/, and x ¢, which by their meeting in the Points ec &
/7 x, will conftitute the circumfcribing Polygon, as required.

Prop. XV. Fig, H, Plate VII.
To circumfcribe a Pentagon, as ©a ¢y 2, about & geometrical Square, as! 5 V.
Operation. Continue the Side 2w § towards 4; bifect 5 Zin #, erect the Per-
pendicular 7 4 on the Points «v and =, with the Radios § i, defcribe the Arches
rand s¢ at pleafure. On the Point 5, with the Radius 5 7, defcribe the
Archid, which divide into 5 equal Parts, at the Points bg fe. Makethe
Anglesi 5o, and 7/ a, each equal to two Parts of i 4. Make the Arches g 7,
and s¢, each equal to one Part, and continue the Iine «v », towards @ and V4
alfow ¢ towards = and = ; alfo 2 § towards &, and 2 / towards ps which will
interfect each other in the Points o and ¢. Make ¢ 5, and 4 %, each cqual to
@ c, and draw » y, which will complete the circumfcribing Pentagon ¢a c y =, a3
required.
. Prow. XVI. Fig I Plate VIL,
To circumferibe a Pentagon, as £ 2.0 1 ¥, about an gquilateral Triangle, asak p,
Operation. On the angular Points a £ p, with any Radius defcribe Arches, as
gxo, /b f, andedb. Divide the Arch dcinto g equal Parts, Make the Arch
¢ b equal to four Parts of 4 ¢. Through the Point 4 draw the Line @ & o at
pleafure. Make the Arch g e equal ta the Arch ¢ 4, and through e draw the
Linea £, at pleafure. Make the Arch s x o, and & f, each equal ta the Arch
& d, and from the Points £ and p, through the Points £ and o, draw Right Lines
bath Ways at plealure ; which will meet the Lings 2 o, and a f; in the Pointg
o and £. Make o », and £ =, each equaltoa 7, or a o, and join = », then will
S aorw, bethe circumfcribing Pentagon, as required,

Pror. XVII. Fig. Z, and A B. Plate VI,

To circumferibe a geometrical Square, about any Scalenum, o Isfceles Triangle.

T'r1s may be done two Ways.

Lzrend, Fig. Z, beaScalenum Triangle given.

Operatisn 1, Continue the Side # » towards 4, and through the angular Point
& draw the right Line a ¢, parallel to e & On e ercél the Perpendicalar ¢ 4,
to meet the Linea ¢, inthe Point g. Make 2 ¢, and ¢ 4, each equal to z e,
aud draw ¢ 4, which will complete the circamfcribing geometrical Square, as
required.

Operanon M. Fig. A B. Draw ¢ o through the angular Point 4, and parallel ta
the Side x#. From the Points » and « let fall Perpendiculars to the Line a ¢.
Make ¢ m, and 2 b, each equal to ¢ @, as required, which will complets the
circumfcribing geometrical Square, as required.

BECC TV
Of proportional Lines.

Pros, I. Fig. N. Pigse VII,
To find @ mean proportional Line, betaveen two given Lings,
Mean proportional Line, is that which being multiplied into itfelf, its
Produdt is equal to the Produét of the two given Lines multiplied into
each other, oritis the Side of a geametrical Squdre, whofe Area is equal to the
ji':.raa of a Parallelogram, whofe Length and Breadth is equal to the two given
mnes. .
Ler d and g be the two, given Lines,
Operation. Draw a right Line, as a ¢, at Pleafure, make 2 4 equal to the
Line » ¢, and & cequal to the Line . Bife@ @ cin », and defcribe the Semi-
: N, circle
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circleahci.on b ere@ the Perpendicular 5 4, which is the mean proportional
Line required.
Pror. II.. Pig. O. Plare VIL
T cut from a given Line, @ Part that foall be a mean Proportional betaveen
qubat remains, and a Line propofed, as tie Line 0.

Lzt 2 be the given Line, and = the Line propofed.

Operation. Draw a right Line, as a g, at pleafure; makea ¢ equal to the
Linc#, and ¢ g equal o Bife@t 2 gin », and on # defcribe the Semi. circle
axg; and on ¢ creét the Perpendicularsx.  Bifefie gin b, make be equal to
b %, then ¢ e, the Part cut off from ae, equal tothe given Line#, is a mean Pro-
portional between ¢ a, the Part remaining, and o, the Lige propofed. For
making /7, in Fig. Q. equal toa¢, and i £ equal to and the the Semi-¢ircle
k b being defcribed, the Perpendiculard 4 (which by the laft Prob. is 2 mean
Proportional to the Lines 44, and 7 /} will be equal toc ¢, the Part cut off,

Prom. III. Fig. P. Plate VIL

Tave Lines being conncéted into one Line, and their mean Proportion Sfiparate, being

gimen, fo find the Lengths of the given Lines, avkich are called Extremes,

LeT 2 ¢ be the given Extremes, conneéted together without Diftinction, and
the Line 4, the mean Proportional.

Operation. Bife®a cin &5 on b deferibe the Semi-circle a g ¢ 5 oncerell the
Perpendicular ¢ #, equal to the Line d; draw ¢ p parallel toa ¢, cuteing the
Semi-circle in g. . Draw g 4 parallel to i ¢, which will divide a ¢ in 4 ; then i
a b, and b ¢, the twe extreme Lines required ; for by Pros, L 4 gisa mean
Proporiional to & 4 and /¢, and is equal to the Line # alfo.

Pros. 1V, Fig, R. Plare VIL
Tavs right Lines being given, to find a third Proportional.
Ler % and m betwo given Lines.
Ogeration. Make an Angle at pleafure, asd» s Malke » fequal to %, and
nh and £ a each equal to m, and draw the Line £ 4; alfo draw the Line a #
parallel to 47 then will 2/ be third Proportional required.

Pros. V. Fig. §. Plaze VIL
Three right Lines being being given, to find e fourth Proportional.

Ler the Lines 1, 2, 3 be three given Lines, and 'tis required to find a fourth,
which will be to 3, the third, exadly the fame, as 2, the fecond, is to the
firft,

Operation, Make an Angle at pleafure, as»g b, make g fequal to the Line
1, and g i equal to the Line 2, and / z equal to the Line 3. Draw i £, and
parallel thereto, the Line # 2 then will /  be the fourth Proportional required ;
for i mistoi g, the fame as # fisto £ g, and therefore m 7 is to# £, exatily the
fameaszgisto fg.

Note, This Problem is nothing more than the Golden Rule, or Rule of Three, geos

metrically pe-formed,

Pros, VI. Fig. T. Plaze V1.
The mean of three Proportionals, and the Difference of the Extremes Deing given, fo
Jind the Extremes.
Lzt b ¢ bethe mean Proportional, and g e the Differenceof the Extremes.
Operation. On e ere& the Perpendicular e 4, of Lengthequaite 4. Bife&
geink; on b, withthe Radias 4 4, defcribe the Semi-circle £ 4 a; and then
& ¢, ande g, are the Extremes required,
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Proz. VII. Fig. V. Plare VII.

To find the Extremes b and §; baving tws mean Proportionals, as the Lines g

and h given.

Let the given Line g be equal to 8, and the Line 5 equal to 4.

Operation. Draw a ¢ at pleafure, and on z ereét the Perpendicular 2 6, which
make equal to 8 the given Line g. Make 2 ¢ equal to twice 2 6, and draw the
Line 6 c e out at pleafure. Draw ¢ 4 perpendicular to 2 ¢, and of Length at
Pleafure 5 to which draw a parallel Line, at the Diftance of the given Line 2,
which will cut the Line 6 ¢, in the Point ¢ ; from which Point draw the Ling
e d nparallel to a¢, cutting the Line ¢4 ind; then the Lines za ¢, andc 4, equal
to the Lines § and £, are the two Extremes required 3 for @ ¢ equal to 16, and
¢d equal to z, multiplied into each other, produce 32, the fame as 26, equal
t0 8, multiplied into 4 ¢ 4, equal to 32 alfo.

Pror. VIIL. Fig. V. Plar: VII.
To _find the two Means g and h, hawing the tavs Extremes b and f gizen,

Operation. Dsaw 4 ¢ equal to the given Length of the Line &, fuppofe 1 6,
and erelt the Perpendiculars 2 6, and e &, Make ¢ 4 equal to the given Length
of the Line 7; fuppofe 2. Make a6, equal to balf @ ¢, and draw the Line6¢e,
of Length, at pleafure. Through the Point 4 draw the Line n ¢, paraliel to
@ ¢, cutting the Line 6 ¢ ine; thenaé equalto the Line g, and 4 ¢ equal to the

ine b, are the two Means required.

Proe. IX. Fip. W. Plare VIL

To cut twwa Lines, cach into twwo Parts, Jo as that the four Scgmints may be

propartinal,

Lew b and 4 be the two given Lines.

Operation, Nake aright Angle at pleafure, as axx. Makex = equal to 5,
#nd 4 = equal to ¢; and draw the Line e ». Bife& = xin g, and on g defcribe
thé Semi-circle x c z. "From the Point ¢ 4 draw the Line ¢ 4, parallel'to = #,
and ¢ y parallel to 2.z, Then willz ybe to 3¢, as ycis toc 4, and y ¢ will be
o ¢ d, the fame a5 ¢ & 15 t0'd a. :

Pros, X. Fig. X. Plaze VII,
To divide @ vight Line into extreme and mean Proportion,

LeT 2 & be the given Line. .

A Lixg is faid to be divided into extreme and mean Proportion, when the
Area produced by the whole Line maltiplied into one of its Parts, is equal (o
the Area produced by the other Parc multiplied into itfelf.

Operation. Erett the Perpendicalar ¢ 4, 2nd produce it towards ¢. Makez ¢
qqual to half 2 6. Make ¢ dequal to ¢ 4, and 2 ¢ eqnal to 2 4 ; then will the
Line a & bedivided at ¢, in excreme and mean Proportion, as required.

Demonfrarion. Complete the Parallelogram ¢ 44 5, and draw the Diagonal ¢ a,
Make 4 £ equal to be, and draw b g parallel to b4 alfo from e draw e / pa-
rallel to c 4. Now the Parallelogram 4 g 4 a, whofe Length isequal to 2 4 the
given Line, and Breadth 4 & to 42, one of the Parts of the given Line, is equal
10 the geometrical Square 4 £ 4 ¢, whofe Sides are each eqnal toe a, the other
Part of the given Line. Foras the Diagonal ¢ s, divides the Parallelogram
¢dg b, ioto two equal Parts, and as the oppofite Triangles, on each Side the
Diagonal, are each equal to its cppofite, therefore the Parallelogram ¢ f muft
be equal to the geametrical Squaree 43 and therefore, if to the Parallclogram
¢ & weadd the Parallelogram ¢ £ which together make the geemetrical Square
dfae, it will be equal to the Parallelogram g 4 4.8, which is the geometrical
Square ¢ 4, added to the Parallelogram g ¢ becdufe in both thefe Equalities, the
Parallelogram g ¢ is common, as well to the Parallelogram g /. as to the geo-
meirical Sqguare ¢ 4. ‘
' N2 Pros,
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‘ Pron. XI. -Fig. Y. Plare VII.
T divide a giwen Line in any Katio or Proportion vequived.

Ler ¢ abea given Line to be divided according to the Proportion of the given
Lines & /m n.

Operation. From one End of the given Line, as o, draw aright Line, asa e,
making any Angle at pleafure. And thereon make a b equal to £, b ¢ equal
to /, ¢ cequal to m, de equal ‘ton, dnd draw the Linee 7. From the Points
d ¢ b, draw the Lines 45, g, and 4 f, parallel to 7, whichwill divide the given
Line 7 2z, as required.

Pros. XTI, Fig. Z. Plate VIL
Ty matke upon a given right Line, tawo Parallelograms that feall be in any given
Ratio, or Praportion to ansther.

Ler ba be the given Line, upon which 'tis required to make two Parallelo-
grams, which thall be to one another as the Line x to the Line =.

Operation. From the'Point b, draw the Life 4 4, making any Angle at plea-
fure, and thereon make ¢ & equal to the Line x, and ¢ d equal to the Line z,
and draw the Line a d, alfo draw c ¢ parallel to @ 4; then will the Parts b e,
dnd e g, the Parts of the givea Line, be to each other, asthe Line » is to the
Line z; and Parallelograms made thereon of any equal Heights, as & £, ¢ 4, and
£ b, b e, will be to one another, as the given Line x is to the Line .,

Pros. XIII. Fig. A B. Plate VII.

The Difference betaveen the Side and Dicgonal of a geometrical Square being

gizen, to find the Side of the Square. 2ct

LT b a be the given- Difference. ]

Erecr the Perpendicular b ¢ equial to the Difference 4 @, and draw the Line
a ¢, continved towards 4: make ¢ 4 equal to ¢ &; then will 2 4 be the Side of
the Square required.

Pros. XIV.. Fig. 1, Plate VIII.
To cut from a Line any Part required.

*T1s required to cut oft two ninthr Paits of the given Line & ¢

Operation. Make an Ansle as ea b, at plealure, and on any Side thereof as
onaz ¢, fetoff nine any equal Parts, as from « to.4, make a b equaltod ¢, and
draw the Line 4 4 ; alfo’ at two Parts from the Point 4 draw the Line g, parallel
to 45, then will g & be equal to twa ninth Parts of a 4 (which is equal to 4.0)
a3 required. .

Prop, XV. Fig. 1I. Plate VIIL

From a given Point awithont a Circle ase, to draw: a chord Line asin, in a

given Circle, that fhall be equal to a given Line, as ab.

Oferation. Aflume any Pointin the Circumference as g, and thercon with the
Length of the given Line 2 4, make the Seftion /, and from g through /draw
the Line g /o, of Length at pleafure. On the Center ¢ with the Radius ¢ 2 de-
feribe the Arch e p, onthe Point ¢ with the Radius p g, defcribe the Arch m 4,
cutting the Circle in» and 4. Draw the Linesd zand ¢ », cutting the Circle in
% and 73 then will either of the Lines 44, or 7, bea Chord Line equal to the
given Line 4 4, as required,

Paos. XVI. Fig. 1V.  Plate VHI.

To dyferite a Part or Portion of a Civele, capabic of tontaining an Zugle equal

to an Angle givén, upon a given Line.

LeT g 5 4 be the given Angle, and £ the given Line,

Operation. Make the Angle £¢ i equal to the given Angle g b £; at ¢ on the
Line i b eredt the Perpendicular ¢ 4, bifed the Linee £in g, and erelt the Per-
pendicular g 4, cuttisg the Line d ¢in «; whereon with the Radius J e, defcribe
the Portion of a Circle £4a ¢, then all the Angles that can be made in this Seg-
ment as, ¢c fy fa e &, wiil bg equal to the given Angle g4 4.

Proe,
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Pros. XVIL. Fig IIL  Plare VIII.
¥ cat off a Segment of @ Circle, capable of containing an Angle equal fo an Angle
TN .

Lev dcb abea given Circle, ffom which a Part is to be taken, that fhall
contain the given Angle g £ : ; .

Operation. Draw the Semi-diameter g ¢, and Tangent Line 4 2, make the Angle
de b equal to the given Anglegp £, cutting the Circle in i Then isdécae,
the Scgment required, and all Angles made therein, asd ce, d b ¢, &e. will be
equal o the given Angle g9 £ as required.

Prozp. XVIII, Fig..VI. Plate VIII.
To deferibe a ftival Line, at any given Diffance.

Ler a b be the given Diltance. .

Operation. Firlt draw aright Line, as # b, at pleafure, and affume a Point
therein, as 4, at pleafure. Make 4 ¢ and 4 e each equal to half 2 4, and on 4
defcribe the Semi circle ¢ £, onthe Point ¢ deferibe the Semi-circle ¢ £, and.on
d the Semi-circle £ ¢; again, on the Pointe defcribe the Sﬁmi-c_irc]e ig,andond
the Semi-circle y 4. lnlike manner on the Points ¢ anddde&:nbe as many other
Revolutions as may be required. Secondly, fpiral Lines may be defcribed con-
centrick to each other, as in Fig. p b, next below Fig, VI, as follows,

Ler gr be the given Diftance.

Operation. Draw aright Line, as p b, and therein aflume two PPoints, as 2z and.
2, whofe Dillance moft be equal to the given Diftance g #; on the Pointa defcribe
the Semi circle 4 7, and on & the Semi:circles a ¢, and 7 4; then.on the Point 4
deferibe the Semi-ciicles ¢ 4, and 4/, and on the Point 4 .the Semi.circles 4 &,
and / /. Proceed in like manner, asin the laft Problem, to make asmany other
Revolutions as may be required. -

Pros. XIX. Fg V. Pl VIIL
" Todiferibe an Artinatural Lire. ;

Operation, Firlt trace by Hand the feveral Curvatures or Turnings at pleafure,
which divide into as many Parts as feem each to be the Segment of 2 Circle, as
e ¢ a,n by, &eo Thisdone, in each Arch affume 3 Points, as ¢ c wandn b g,
and then by Pros. XIX. LECT. III. find the Centers f'and m, and defcribe
the Corves ec @, and #°4 b go. lnthe like manner proceed throughout the
whole, to defcribe all the various Meanders remaining, which will appear with
the utmolt Beatty.

SprpenTine Rivers, and Walks throngh Waildernefles, (e, being laid out in
this Manner, are the nearelt to Nature, and the moit agreeable of uli others,

PART III. Of ARCHITECTURE,

LECTURE L

OF ihe Difeription and Conflrufion of ﬂ-fb/df;:g:.
HE feveral Members or Maldings of which the five Orders are compofed,
are of three Kinds, wiz. fquare, circular, and compound.

Firff. Square Members are Plinths, Fillets, Dado’s, Cinfiures, Annulets, Aba-
cus’s, Fafeia’s, and Tenia’s of Architraves, Freezes, Denticules, Dentuls,

~and Regula's.

Secondly, Circular Members are Beads, Terus's, Afltragals, Ovolo’s, Cavelto’s,
and Apophyges.

Thirdly, Compound Members are thefe which are compofed of two or more
Avrches, as Scotia's, Cyma Refla’s, Cyma Reverfa’s, Flancers of Maodilions,
&, As [quare Members are nothing more than' Parallelograms, 1 nced noc

Gy fay
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fay any Thing of their Confira&tions, and therefore 1 fhall proceed to fingle

and compound Moldings, and give the Etyiology of fquare Members as

they come in their Order.
Pror I. Fig. B. Plate VIII,
To deferibe a Torus.

Ler av x be the given Height. _

Operation. Draw x r, at pleafure, and the Line nu parallel thereto, at the Di-
ftance of the given Height; in any Part, as at n, ereét the Perpendicular # «,
make # ¢ equa% to half the given Height, and on ¢, with the Radius # ¢, defcribe
the Torus required.

TH1s Member is called a Torus from the Gree Toros, a Cable, which its
Swelling refembles, or rather from the Lasin Torus, a Bed or Cuthion, becanfe it
feems to fwell by the impofed Weight. It is generally Placed on a Zocelo or
Plinth, D, which is fo called, from Plinthas, afguare Brick or Table, placed the
very lowermott of all, to preferve the Foot of the Column from rotiing ; for ori-
ginally Columns were made of the tapering Bodies of Trees.

Pron.Il. Fig. C. Plare VIII.
Do deferibe an Afiragal avith its Fills.

Ler d fbe the given Height.

Operation. Draw fz, at pleafure, and in any Part, as at £, ereét the Perpen-
dicular £ 4, equal to the given Height 7 4, which divide in 3 equal Parts at ¢
and z, through the Points 4 2 ¢, draw the Lines dww, @ ¢, and e x, parallel ta

S=; make f 5, and fg, each equal to £ i On a defcribe the Semi.circle Z¢,
and on g the Quadrant £ £, which will complete the Aftragal as reguired,

Tnis Member is called an Aftragal from the Grecf Aftragales, the Bone (or
more properly the Curvature) of the Heel, and for which Reafon the French call
it Talon, either,of which I think is very proper, when employed in aPedeltal or
Bafe of a Column, but not when placed on the Shaft of a Column, when it does
the Office of a Collar, and is therefore by many called Collarino.

Prog, IIl. Fig. O. Plare VIIL
To deferibe the Apophyges of a Pilaficr or Colum,

Tne Apophyges of a Coluwmn or Pilafer is that curved Part of the Shaft,
which rifes or flies from the Cin@ure, and ends in the Upright of the Shaft, as
the Arch 4 4; it is alfo by fome Mafters ufed at the lower Part of the Corin.
thian Freeze, and of the Dado of a Pedeftal. This Member takes its Name
from the Greek Word *Avopuy i, becanfe in that Part the Column feems to emerge
and fly from its Bafe. In the Tu/fex Order, this Member is nothing more than
a Quadrant, as ba, Fiz. B, whofe Height is equal to its Projedtion, butin all
other Orders it is not fo, and is thus defcribed,

Operation. Divide the Projeétion of the Cindture ¢ 4, Fig. O. before the upright
of the Column into 5 equal Parts, makeits Height ¢ £ cqual to fix of thofe Parts ;
draw a & parallel to ¢ 4, allo draw &4, which biledt in £ whereon ereé the
Perpendicular g 2, cutting baine; on e deferibe the Arch bod, the Apophyges
required.

qu, the fame Rule is to be obferved in defcribing the Hollow under the Fillet
of the Collarino, at the Topof a Shaft of 2 Columy in every of the Orders.

‘ Prog, IV. Fig. ¥ and G.. Plae V11 y
To deferibe an Owolo of any given Heighi.

LET @ ¢, Fig. F. be the given Heighe,

Operation. Yirll, draw cd ar pleafure, on any Paint, as ¢, eredt the Perpen~
dicular ¢ g equal to the given Height, thropgh the Pointa draw 4 e, parallel o
d'¢;.0n g, with the Radis @ ¢ deferibe the Arch ¢ &; which is the Ovolo re-
quired, .

Secondly, ket ¢, Fig. G, be the aiven Height.

Operation. Divide the given Height into 4 equal Pasts, and give 3 of thofeParts
to the Projeflion. Draw the Lines 3 ¢; which bifc& in 4, on which ereét the
Perpendicular d 4, on a deferibe the Arch ¢ 3, which is the Ovolo required.

i &
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Turs Member is calted an Owaly, from the Latin Qwum, an Egg, which *tis
generally carved into, intermixed with Dares and other Devices, fymbolizing
Love, ¢gc. Tt is alfo called Echinos or Echinus, from the Greek, as being fome-
thing like the thorny Hufl of a Chefnut, which being opened, difcovers a Kind
of Oval Kernel, fometing dented a little at the Top, which the Latins call De-
cacuminata Owa, and Workmen Quarter Round.

P. I remember that in the laff Problem you avas fpeaking of the Apaphyses taking
its Rife from the Ciniure, pray avhat is a Cinéture ?

M. A Cinfture is the firt Part of a Shaft of a Column, as ¢ av, in Fig, B,
Plate VII1. which always is placed on the Bafe of every Column, and anciently
was nothing more than a broad Iron Ferril or Hoop, to confine and ftrengthen
the lowermoft Part of the Shaft, which the Italians call Liffeils, or Girdle. The
Shaft of a Colomn is that rennd plain Part, which is contained between the Bafe
and the Capital, of which I fhall give you a more full Acconnt, when I come to
treat of the Parts of an Order. It isalfo called Fuf? from the Latin Fuflis, a Clab;
Vitruwius calls it Scapus, and by fome Mafters 'tis called, Fivo, Fige, and Trant.

Pron.V. Fig. Dand E. Plare VIIL
Do deferibe a Cavetto of any given Heipht,

LEeT ae, Fig. D, be the given Heighe.

Operation. Firfl, Draw ¢ fat Plealare, and in any Part thereof, as at ., eredt
the Perpendicular ¢ 2, equal to the given Height, and through the Point 2 draw
the Line & g, parallel toe f; make ¢ ¢ equal to ¢ a, and on ¢ with the Diftance
e ¢, defcribe the Cavetto b ¢, as required.,

Note, 1f "is required to makea Fille: on the Cavetto, as & #, than the given
Height muft be divided into 4 equal Parts, and the Fillet made equal to one Part.
The Projection of its under Part ¢ 4is equal to one Sth of the whole Height,
which is half of 5 4, or of one Part.

Ti1s Member is called Cawette, from the Latin Cavus, a Hollow, and Work-
men call this Member a Hollow alfo, though T belicve not with Refped to the
Latin, but becaufe it is a real Hollow, and as an Ovolois generally made a Q.a-
drant, they therefore call that Member a quarter Round.

To defcribe 2 Cavetta a fecond Way.

Secondly, LeT by, Fig. E, be the given Height.

Operation, Divide 4y into 5 equal Parts, and give the upper 1 to the Fillet,
make the Projedtion 1, 3, equal to 4 Paris, and y # equal to 1 Part, and draw
the Line 2 » parallel to 4 y; continue y » out at Pleafure, and draw the Line
3  », which bifect in x, and thereon ereét the Perpendicular xp.  On pdefcribe
the Cavertto » 3, as required.

Pros. VI. Fig. H. Plar: VIIL
To deferibe a Bed Moulding of any Height required.

LET 2 x be the given Heighe.

Operation. Divide the given Height into 8 equal Parts, give 3 to the Cavetto,
1 to the Fillet, and 4 to the Ovolo, and then by Problems IV. and V. defcribe
their Curves as required, ;

Pros. VII, Fir. 1. Plare VIIL
To deferibe a Cymatium, of any given Height.

Ler 2 g be the given Height.

Operation. Divide the given Heightinto 4 equal Parts, as at 4 4, and give the
upper 1 to the Height of the Regufa. Draw right Lines from the Points 4, 3,
and 4, at right Angles to the Line 45, of Length at pleafure, and draw « gat
any Diftance from 4 4, and parallel thereto make » ¢ equalto » g, and draw
the Line ¢ g, which bifect ine, one ¢, and ¢ g, make the equilateral Sections 4
and £, whereon defcribe the Arches ¢ ¢ and ¢ g, which completes the Cymatium,
s required.

_Tuis Member with-its Regula is called Cymatium, from the Gresd Kupszion,
. ®ndula, a rolling Wave, which it relembles, or Kymation; a Wave, Vitruvius calls
it
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it Epictheates, and the Jealians and French, Gola, Geule; or Doucine. But when
we {peale of this Molding fingly, without/its' Regula or Uillet, we call ita Cyma
redéa, and Workmen oftentmes callit 2 Fore Ogee, to diftinguilh it from Cyma
inwerfa, which they callia Back Ogee.
) Pron. VIIL. Fig. K. Plate VIIL

To deferibe @ Cyma inverfa, as b1, of any given Height. :

Operation, Draw the Linenr, ac plealure, in Part asat », erect the Perpen-
dicular # f equal to the given Height, which divideinto'y equal Pasts, and give the
uppert to the Fillet. ‘Ihrough the Points'a and b draw right Lines, asd &, and
e a, parallel to » 7, and of Length at pleafure. Make 2 cequal to a7, divide
¢ @ in'6 equal Parcs, and make % », and ¢ ¢, ‘each equal to one of thofe Parts;
draw the Line ¢ g », which bifeft in g, on the Points # g, and g ¢35 make equi-
lateral Seétions, and deferibe the Arches ¢ g, and g », which completes the Cyma
inwerfa, as required.

Prop. IX. Fip. L. Plate VIIL

- . To defirite a fingle Cornice of any given Height.

LeT b be the given Height. :

Operation. Firft, divide the given Height into g equal Parts, give the lower
1 to the Cyma Inverfa f; one third of the fecond to the Fillet e, and the upper
1 to the Regulac; and the remaining two Paits and ¢ to the Cyma Redta o,
Secondly, by Pron. V1I and VIII, deicribe the Curves of the two Cyma's, and
the Cornice will be completed, as reguired. b -

" Note, ‘That the Projettion of the Cymiz ReZa, and of the Cyma Tnwerfz, which
is alfo called Gyara Rewerfi, is always equal to their own Height.
: Proz X. Fyp. B A. Plate VIII.
To divide and proportion Dentals fo any giwen Height.

Ler » x be the given Height.

Operation. Divide ihe given Height into 8 equal Parts, give the upperone
ta. s, the Height of the Fillet, the nextfix to s v, the Heightof the Dentals,
and the lower one to @ x, the Margin of the Denticule.

To proporton the Breadths of the Dentuls and Iutervals between them, make
@ ¢ equal Lo s @, and dividing @ ¢ into 3 equal Parts, give two to the Breadth of
a Dental, and one to its Interval, which is called Metoche, which with two Pair of
Compafies, the oneopened to the Breadrth of a Dentul, and the other to the Breadth
of an Interval, {ct off thofe Diktances reciprocally throughout the whole Length
of your Molding. )

IF it is required to make Eye-Dentols in the Intervals, as A A, divide the

Jeight of the Dentul into 5 equal Parts, and give the upper one to the Height
of the Eye-Dentul.

Note, This Orhament is generally begun at the projefling Angle, over an

angulay Column, with the Form of a Pine-Apple ; or racher, the Cong of
a Pine-Tree, as at & g, which is thus deferibed.

Make its Breadth = # equal to the Breadth of a Dentul, which divide in
4 equal Parts; make # g equalto » 2, and draw = g; maken o, = &, each
equal to half z = ; and draw # 4, which bifett ia &, On'e, with the Radius
& o, defcribe the Semi-cigele @ b, On the Points & f; and b f, with the Ra-
dius f4, detcribe the dotted Scvétions pext above the Ling o &, on which, with the
fame Cpening, defcribe the Arches & f and Fd, which will complete the whole,
as requed. -

Trese Ornaments are called Dentals, from Dentelli, Teeth, which they re-
preflent.  The Densicalus is that flat or fquare Member, on which the Dentuls
are placed.

Pron. XL Fig. [ k. next ander [5g. A B. aforelaid. Plare VIIL.
i Lo propurtion aud diferibe an Janick Madilion, of any Height roguired,

LeT b beche given Heighe,

Operation. Divide the Height into 8 equal Parts, asat » ¢, give the upper
2 to the Height of the Cyma Inverfa, with its Fillet, and the next 5 to the

2 Denth
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Depth of the Modilion. Draw 4 ¢, for the Side of a Front Modilion, make
¢ e equal to ¢ 4, and 4 equal to 4 ¢, then is 4 £ the Breadth of the Modilion in
Front. Divide 4finto 4 equal Parts ; make £7the Prajeétion of the Modilion
in Profile, equal to 6 of thofe Parts.  Divide the Proje&ion of the Modilion in
Profile into 6 equal Parts, at the Points 1, 2, 3, 4, 5. Through the Points 2
and 5, draw the Lines o m, and 5 ¢, parallel to £p. Make 5 ¢ equal to two
Parts and half, and z o equal to oue Part : Alfo make o 7 equal to g #, and
draw the Line m s #.  On the Points # and ¢, with the Radius # 5, defcribe the
Arches ¢ and s 5 ; alfo on 2z, with the Radius 2 1, deferibe the Asch 1 o, which
will complete the Modilion, as required.

Trts Member is called Modilion from the Italian Madiglioni, a plain Support
to the Corona of the Corinthian and Compofite Cornice, to which they only
belong, althe’ now falily introduced into the Ionick.

Pros. XII.. Fig. N. and M. Plare VIII,
To deferibe Scotia’s of” any given Hiights.

Firgt, Lar ag, Frg, M. be the given Height.

Operation. Draw the Line £z, and on any Part thereof, as at g, ere& the Per.
pendicular g equal to the given Heighr, and thro’ the Point & draw the Line
« %, parallel to g /1 Divide 2 g in 3 equal Parts, at the Points d =, and thro®
the Point  draw the Line ¢ 4¢, parallel to 2 ». Make de equal to #2. On
the Points # defcribe the Quadrantac; and on the Point ¢ the Quadrant t
which together form the Curve of the Scotia, as required.

This Member is called Seotia, from the Greek EuoTie, Stotas, Darknels, which
the upper Part caufes by its Projeéture.  *Tis alfo by fome called Trochilus, from
the Greek Trochiles, Tposue, or Teonz, a Rundle or Pully, whofe hollow Part
within the Rope-works hath fome Refemblance of this Member ; and with re-
{pect to its Darlenefs, it is By many, tho’ improperly, called a Cavetto. The
dtalians call it Baflone. This kind of Scosia is adapted to the Atnck Bafe,

Secondly, Ler a d, Fig. N, be the given Height.

Operation. Draw the Lines £a and z &, parallel to each other, atthe Diflance
of g 4, and draw a d at Right Angles thereto. Divide 2 4in 7equal Parts, and
thraugh ¢, the third Part down, draw 4 ¢, parallel to 2 ¢. Make ¢ b, and 4 1,
eaciequal to @ ¢ ; and draw ¢ &, parallel to 2 d. Make 7 equal to A %, and
from 7 through ¢, draw the Line 7 ¢ 7. On the Point ¢ deferibe the Arch 4 0t
and on ; the Arch a #, which completes the Scotia, as required.

Pros, XIII.
The Diameter, or Breadth of a Door or Window, being given, to fiyd the Breaidth
of an Architrave that aill be profortionable thereto,
A Generar RuULE.

Divide the Diameter, or given Breadth, into 6 equal Parts, and take one for
the Breadth of the Architrave required ; and that you may alfo know how to di-
vide the Architrave into its proper Members, 1 have given you in Plare VIII and
IX. thirty and one Kinds of Architraves, of which thofe marked A BCDEFR
are Tufcan, G HI K L MNO are Dorick, PQR ST V are Jonick, WXy
Z,AB, AC, are Corinthin, and AD, AE, A¥, AG, and A H, are Com-
pofite, which in general have the Heights ofltheir feveral .Members propor.
tioned by equal Parts.  As for Example. In Fig. A. the Height or Breadth of
that Architrave is divided into 10 equal Parts, of which the apper z and £ is the
Height of the Tenia 4. and the Remainder is the great Faflu:ia, with its Hollaw.
In Fig. D.the Height is divided intofix equal P:—;rls,_of which the upper 1 is the
Height of the Tema, thelower 2 the Height of thefmall Fafcia ¢, and the other
3 is the Height of the greatFafciad. Ip the fax.ne manner you arz to underfland
all the others; and as the principal Partsinto which the Height of every Example

* 35 divided are fignified by the equal Divifions and Figures againit them, and as
the Manner of defcribing all the Moldings of which they are compofed has been
already taught, ta fay any thing further on the Manner of defcribing them is

Q needlefs 3
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needlefs ; 2sindeed is what I have already faid, the whole being fo very plain,
as to be underftood by the meanelt Capacity at the firlt View.

1 (A o e TS0 f
Of the making of Scales of equal Parts, for the delineating of Plans and Blewa-
tions of Buildings.

Tue neceflary Scales for our Purpoles are thofe reprefenting, firlt, Feet; fe-
condly, Feetand Inches ; thirdly, Modules and Minutes ; and fourthly, Chains
and Links. Thofe of Fect, and Feet and Inchies, are uied in the making of
Plans and Uprights, or geometrical Elevations of Buildings. Thofe of Modules
and Minutes are for proportioning of the feveral Members of the five Orders of
Columns in Architefture, and thole of Chains and i.inks are for making Sor-
veys of Lands, as Fatms, Parks, &'c. whofe feveral Ufes wall be fully illal-
trated in their proper Places. ‘

Pros. I. Fig. I. PlateI1X,
To make a Scale of Feet.

Operation. Make 3 Parallelogram at Pleafure, as @ 4 s ¢ ; open your Com-
pailes to any {mall Diftance, and fet off 1o equal Parts, from m to x 4 ; alfo make
% b,and ke, (5c. each equal to m x b c; then will the Line m 2 be a Scale of
equal Parts, which may reprcient Inches, Feer, Yards, {7c. and which maft be
thus numbered, wiz. as ¥ & is equal to the 10 Parts between m &, therefore atd,
place the Number 10, ate the Number zo, & being fo many Parts from ».
To take off any Number of Feet, lefs than 19, fet one Foot of your Compafies
on x, and extend the other to the Number of Feet 1equired. :

To take off any Number of Feet more than 10, fet one Foot of your Com-
pafles in 4, and extend the other to the Number of odd Feetthat is contained in
the given Length more than 10. Suppofe 17 was the given Length : extend
your Compaffes from & to 7 Parts teyond x towards zz, which is 17 Feet, as re-
gquired ; and fo the like of any other Number of Feer, more than 10, z0, &,

To make a Variety of Scales of equal Parts, which is neceflary to have, as
that fome Works require a lefler or a greater Scale than others ; therefore, if
from the 10 equal Parts, inm », you draw Right Lines unto the Point 2z, and
afterwards draw Right Lines parallel to ¢, at any Diftance, as fr, gg. 4 p,
io, An, and/m, you will have made other Scales of equal Parts, of varioas
Sizes, which may fit all Purpofes required,

11. To make a Scale of Feet and Inches.  Fig. VI Plar: 1X.

Operation. Make a Parallclogram, asab ¢ d, fet off 12 {mall equal Parts,
fram ¢ to e, reprefenting the Inches in a Foot; make ¢ 10, 10 20, 20 30, &
each equal to the 12 Parts, then is your Scile of Feet and Inches completed ; for
£ 10, 10 20, are Feet, and the Parts in ce are Inches. To take of 2 Length
of Eeet and Inches, is the fame here as before in the Feet: fo the Diftance of
3 10, is 1y Inches, of 6 10, is 18 Inches, of ¢ 1o, 21 Inches. Scales of
Jreet and Inches are alfo made on Two-foot Rules, as Fig. I1. in manner fol-
lowing. ViR

Maxks a Parallclozram, as ¢ a% 8, at Pleafure, and let the Diflance of = fbe
made to repreient one Foot. Make /3,31, and 1 &, on the Line =4, tach
equal to = 13 that iz, cach equal to one Foot. Draw f'z, parallel to ¢ z. Bifedt
cging, and draw the Lines ¢ =z, and ¢ f. . Divide g7 in6 Parts, at the Points
Vi kg, and draw Right Lines through them, parallel to = &, and then is the
Seale completad ; and the Diltance of = £, which jis the given Foot, is divided
into 1z Inches, @iz, The Diltance ofg 1, isone Inchs 52, two Iaches; j 3,
three Inches; £ 4, four Inches; /¢, five Tnches ; g 6, fix Inches; /7 7, feven
Inches; £8,¢ieht Incligs; /0, nipe Inches ;3 4 10, ten Inches; o ¥1, eleven
Inches ; and f=, onelFoat, as before,

Tuper ind of Szales may be made either bioeer orlefs, st Pleafure; in the
very
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very fame manner, as may be feen at the End 2 &, where the Foot is made but
half the aforefaid,
Pros. 1II. Fig. IV, Plare 1X.

To make @ Scale of Chains and Link for the plotting of Lands, &c.

Operation. Make a Parallelogram, as aw & w, and let the Diftance & ¢ repre-
{ent one Chain, which is equal to four Statute Poles, each 16 Feet and half, or
to 66 Feet. Make e Jequal to e 8, then 4« is one Chain alfo. Divide 2 & in-
to 10 equal Parts, and through them draw Right Lines parallel to ' «v. Divide
a f, and b, each into 10 Plirts, and draw the diagonal Linesf10, b 20, &e.
then your Scale iscompleted ; and the Diltance of 1 4, is one Link ; 2 /, two
Links ; 3 #, three Links ; 4 », four Links ; 14 #, fourteen Links; 195, nine-
teen Links; zo e, twenty Links, £ to which one or more Chains-length may
be added, as Occafion requires, Atthe right Hand End, the Parallelogram
# wy av is another diagonal Scale of Chains and Links, made to half the Mag-
nitude of the aforeiaid. ]

Prop. TV. Fig. III. Plate IX.

o male a Scale of Minstes, or to divide the Diameter or Module of @ Column into
6o Minutes.

Operation. Divide the Length of the Diameter into 10 equal Parts, as at the
Points 6, 12, 18, &, on its Ends ere@® Perpendiculars, whereon fet up any 6
equal Parts, and draw Right Lines parallel to the given Diameter, which will
completea Parallelogram, as Fiz 1I1. whofe upper Side muft be divided into 10
equal Paits, as the given Diameter, as at the Points 6, 12, 18, &,  This done,
draw the diagonal Lines, 6,13 12, 6, 18, 12 ; which will complete the whole,
and the Dillances taken from the left Hand, perpendicular to the Points 1, 2, 4,
4y &F'c. are the Minutes required.

Pros. V.,
To make divers Scales of Chords of any Length or Radius required.

LeT ce, atthe left Angle of Plate 1X. be a given Scale of Chords, divided as
before taught. .

Operation. Ere the Perpendicular 5, of Length at Pleafure, and draw the
Hypothenuofal Line ac. = At any Diftances from ¢, draw divers Right Lines pa-
rallel toce, as d4, ee, €5c.  Draw Right Lines from the feveral Degrees inc e,
unto the Point z, and they will divide aﬁ the intermediate parallel Lines dd, ¢ o,
. in the fame Proportion as the given Line of Chords ¢ ¢, and confequently
cach of them will be a Line of Chords, as required.

\ TR C T. =1L : :
Of the principal Parts of an Ordery and of the Orders in general,

Ay exrire Osper confifts of three principal Parts, @iz, A Pedeflal, 4
Column, and an Entablatare. ‘

APeprstar is the firft or lowermoft Part of an entire Order, as e/, Fig. I.
Plate X1X. which confilts of threc principal Parts, wiz. g4 its Bafe, z f its Dado,
or Die, and f¢ its Coraice. Its Name comes from the Greak Stylsbates, the Bafe
of a Column ; it is alfo called Stersobare, or Stylebate ; but, as Mr. Ewelyn in his
Parallel obferves, our Pedeftal is Vox Hybrida (a very Maungrel) not a Sgyls, as
fome imagine, but & Stando. .

A Corumnic the fecond principal Partof an entire Order, as b o, Fig. I Plare
X1X. which confifts of three principal Parts, alfo, iz, its Bale de, its Shaft ¢ 4;
and its Capital 6 ¢, T'he Pale receives its Name from the Greed Verb Batvauy,
importing the Suftent or Feet of a Thing ; and the Capital from the Lavin Cupi-
tellum, the Head or Top. The Architrave is called by the Grecks, Epiffilenm ;
that is to fay, Epi.vpon, and Styles a Co]umn,whigh from a mungrel Componad
of two Languages ("Apyu) Trabs, as much as to fay, the principal Beam, orra-
" ther from Arews, Chief, and Trabs, a Beam, we call Architrave, The Freeze
takes its Name either from the Greet Zaogp@-, Zaphoras, importing the imagi-

2 nary
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nary Circle of the Zodiack, depiéted withits 12 Signs, or is derived either from
the Latin Phrygio, 2 Border, or from the ltalian Phrygio, an embroidered or
fringed Belt. The Cornice receivesits Name from the Latin, Coronis, a crown-
ing, from whence its Fafcia is cailed Corona, allo called Supercilium, or rather
Stillicidium, the Dsip (Corona elucolata Vite) and with more Reafon it is called by
the Freach Larmier, The Italians call it Goceivlatoio, and Fentale, from its pro-
tedting the Building both from Water and Wind, and for which Reafon the
Latins call it Mentum, a Chin, becaule its Projection carries off the Rains from
the lower Part of the Entablature, as the Prominency of that Part in Mens
Faces prevents the Sweat of the lace from trinkling inte the Neck.

An Extarvarurs, from the Lawin, Tabulatum, a Cieling, and by fome
called Ornament, is the thitd, and uppermoft Part of an entire Order, as 2 &,
which likewife confifts of three prineipal Parts, namely, its Architrave, Freeze,
and Cornice,

Tue principal Parts of Pedeftals, Columns, and Entablatures, are fubdivided
and proportioned in fuch Manners, that the Refults of their Compolitions fhall
give fuch Ufefulnefs, Grace, and Beauty, that are agreeable to the Order they
are made to reprefent.

Tre Orders in ArchiteGure were originally but three ; wiz, Dorick, Toniek,
and Corinthian, invented by the ancient Greeds ; to which two more have been
fince added, called Tofcan and Compofite.

Tre Tvscax Orper, for its being the moft rolult and malculine, is there-
fore placed before the Dorick, and the Rearof the whole is brought up with
the Compofite.

Tue Tuscans Orperr is fo called from the Afatick Lydians, who are faid
to have firlt peopled Iraly, and raifed Buildings thereof, in that Part called
Tufeany. This Order, for its Simplicity or ‘native Plainnefs, when well per-
formed, and employed at the Hatrances of Cities, Magauines, and other Build-
ings of Strengeh, is not in the leattinferior to any of the other Orders. The
general Proportions of this Order are as follow, wiz. the Height of the PedeRtal
is One-ffth of the whole, its Celumn 7 Biameters, and the Entablature One-
fourth of the Coluin, or one Diameter 45 Minutes, as exhibited in Fig. I,
FPlate X1X.

T'us Dorzck Orper is {o named from Dorws, King of Aobafs, who, it is
reported, built a magnificent Temple of this Order in the City of Argos, which
he dedicated to the Goddefs Fuwo, and which, Firrawius faith, was the very firfk
Model of the Kind.

Tuis Order, for its Mafculivie, or rather, as Scamozzi valls it, Hercukias
Afpe@, with regard to its excellent Prepertion, 1s to be employed where
Strenath and Grandeur is required, as at the Gates of INoblemen's Palaces,
€5z, The general Proportions of this Order are as follow, wiz. The Height
of the Pedeftal is ©ne-fitth of the whole, its Column 8 Diameters, and its Bn-
tablature One-fourth of the Column, or 2z Diameters, as exhibited in Plare
XXIIE

Tue lontex OrDER 15 faid to have been invented by fom, King of Laia, a
Province in 4fia, who ere¢ted a Temple of this Order, and dedicated it to the
Goddefs Piana; and as this Order is a Mean between the Herculean Dorick
and Feminine Corénrhian Extremes, -it -ought therefore to be employed in Por-
tico’s, Krontifpieces, €&fc. at the Entrances into Noblemen’s and Gentlemen's
Houfcs. -The general Propertions of chis Order are asfollow, wiz. The Height
of its Pedeftal is One-fifth of the whole, its Celumn g Diameters, and its Enra-
blature One-fifth of the Column, or 1 Diameter, 48 Minutes, as exhibited in
Plare XXVILLL

Tus CorinTaian Orper received its Name from the luxurious City of
Corinth, ‘where it was inveated and made by Celfimachus, an ingenious Sta-
wary of Athens, who teok the firft Hing thereof from a Balket, placed on

y the
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the Grave of a young Lady of Corinth, wherein the Nurfe having put her Play-
Toys, according to the Cuftom of thofe Times, and covered the Bafket with a
fquare Tyle, a Root of Aeanthus, or Branca Urfina, Rears Foot, happened to
grow under it; which putting forth its Leaves around from under the Bafket,
as in Fig. V. Plare XXXIV. they turned op the Sides, and inclofed the whole
at Bottom ; whillt the Flower-ftalks, in advancing higher, were repulfed by the
projecting Tyle, and obliged to turn under it in a curved Manner. To form
this Capital, he made a #zft or Bell, to reprefent the Bafket, and about it
placed fixteen Leaves, in two Heights; from whick, in Imitation of the curved
Flower-Stems, he fprong Stalks enriched, whofe Curvatures he finithed with
Volutes, and covered the whole with a horned Abacus of Mouldings, in Imita-
tion of the Tyle. This Order being the moft rich ard delicate of all the Orders,
it fhould therefore be employed within Buildings, as in Rooms of State, {&e.
where Magnificence and Beauty are required. The general Proportions of this
Order are as follow, Its Pedeltal is One-fifth of the whole Height, its Column
10 Diameters, and its Entablatare is equal to One-fifth of the Column, as ex-
hibited in Plare XXXII.

Tue CowmrosiTe Orper, called by fome the Roman or Italian Order,
is generally made, of all others, the very worlt ; for its Capital is nothing more
than the lower Part of the Corénthian Capital, covered with the Jowick Capi-
tal for an Abacus, is much lefs elegant than the Corintbian, as its Entabla-
ture is alfo ; and if to thefe be added the Lownefs of its Shaft, which has
very little Diminution, and of equal Height with the Corfnthian; upon a julk
View of the whole, it will appear to be rather a Difgrace than a Credit to the
Inventor, or at leaft a full Proof of a great Barrennefs of Invention: and
that | may not be thovght to find Fault with the Findeavours of others, and at
the fame time give no better Example, T therefore, in Plarz XLI. have given
the Compofite Entablature, by dndrea Palladio, With a Compofite Entablature of
my own Invention, for Infide Works, which I{ubmit to the Judgment of the
Judicious. The general Propartions of this Order are exhibited in Fig. 1. Plare
XXXIX.

To thefe five Orders we may add many more, «iz. Eirf, The Orders of the
Perfians and Cariatides, as Fig. 1L T11. and TV, Plate XL1I. where the Stataes
of Men and Women are ufed inftead of Columns, of which the firlt is crowned
with a Dorick Entablature, and the laft with an Jorick. Secondly, The French
and §pani/h Orders, which are only different from the Corinthian in their Capitals
and Enrichments of their Freczes. Thirdly, The Grotelgue and Exg/i/b Orders
of my Invention, wide Plates 302,t0 310, of my ancient Mafonry. And latily,
the Gorbick Order, which makes twelve Orders in the whole. .

FE@AL LTV,
Of the Manner of proporiioning the particular Parts of the Tufcan Order, by
< Modules and BMinutes, according to ANDREA Parranio, and by equal Parts,
compofed from the Maffers of all Nations.
Proz. L
To find the Diameter, or Module of an Order, proportionable ta any given Height.
EFORE an Order can be delineated, the Diameter muft be found ; and as
Columns are employed in four different Manners 5 wiz. Firit, alone,
without either Pedeftal or Entablature. Secondly, with the Pedeftal only.
Thirdly, with the Entablature only. And laftly, with both Pedefial and En-
tablature. ‘Thetefore to find the Diameter in every of thefe four Cafes, this is
the Rule, wiz. Divide the given Height into the fame Number of equal Parts,
as there are Minutes contained in the Height of the principal Parts that are to be
employed ; and take fixty of thofe Parts for the Diameter of the Column.
Tug Height of the Colomn alone, o ¢, Fig. 1. Piale XIX. i3] Diameters :

. therefore One-feventh of “the given Height, where the Column only is to be

employed,
P9}
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employed, is the Diameter required, The Height of the Pedeflal and Columna
as b b, equalto ax, Fig. I. Plate XIX. is g Diameters, eighteen Minutes and 2,
which are equal to 558 4 Minutes. Now admitthe given Height to be 12 Feet,
reduced into Inches equal to 144,2nd the Inches reduced again into 10ths, equal
to 1440. Then fay, by the Ruie of Three Direét, as ¢ ;8 Minutes, the Number
of Minutes contained in the Height of the Pedeftal and Column (rejeting the &
of a Minute) is to 6o, the Minutes contained in the Diameter of the Column :
So is 144@, the Tenths of an Inch, contained in the given Height of 12z Feer, to
i51 333, which s very little more than one Quarter part of One-tenth, Now 151
Tenths of an Inch reduced, is equalto 15 Inches, One-tenth, One-fourth of a
Tenth, and a very fmall Matter more, and is the Diameter required. And if
15 Inches, One-tenth, and I of a Tenth, be divided into 6o equal Parts,
omitting the {mall Matter more than the * of a Tenth (which will be near
enongh for Praétice) they will be the Minutes of the Diameter, by which the
Heights and Projections of the Order may be proportioned.

In the fame Manner the Diameter may be found, when the Column and Enta-
blature only are employed, wholz Height 7 p, Fig. I, Plate XIX. is 8 Diameters,
45 Minutes ; as alfo may the Diameter of the entire Order, whofe Heighta b is
1i Diameters, 3 Minates, and 2, as exprefled on the Line /av.

Tais being underflood, and a Diameter being thos found and divided, the
delineating of this Order is ealily performed, as follows.

Proz. IL ;
To delineate the Tulcan Pedefial, by Modules and Minutes.

Ler A, Plate X1X, be a Diameter found, or given (which is alfo called 2
Module) and divided into 60 Minutes.

BerorE we proceed to this Operation, it is to be obferved, that the Heights
of the Members are exprefled on the central Line, to be read upwards, and their
Projc&ure are placed againft them, to beread level with the Eye, either on the
right or left Hand Side.

Operasion. Firft, Draw a bafc Line, as tr, Fig. III. Plate XIX. and in any
Part, as at 4, ercét the Perpendicular £4. Make £f equal to 37 Minutes and
%, as exprefied between 4 and f; alio make feequal to 2 £ Minutes; ¢ 4
to § Minutes ; 2 ¢ to one Diameter, g Minutes, §; ca to 4 Minutes 4 ; ab to
2 Minutes £; 5 4 to 17 Minutes Z; and thro’ thePoints ba ¢ d ¢ £, draw Right
Lincs to the right and left, parallel to the Bafe Line £ », Secondly, Make £ r,
and /5, each equal to 47 Minutes ¥; and draw the Line sr. Make £#, and
¢z, each equal to 45 Minutes, and draw the Linew ¢, Make 4 w equal to
41 Minutes. Make 4 x, and ¢y, each equal to 40 Minutes, and draw the Line
yx. Make c 41 equal to 41 Minutes. Makez =, and b 45, each equal to 45
Minutes, and draw the Line 45 =. Make & » and £ 4, each equal to 47 Minates
and £, and draw the Line 4 . Then by Pron. V.of LECT. L. hereof, de-
feribe the Cavetto’sy z, and z w ; and the very fame being repeated on the
left Hand Side of the central Line, will complete the Pedeltal, as required.
And as the Members in the Bafe and Capital of the Column, as alfo the Mem-
bers in the Entablature, are all delineated in the very fame Manner, thete nceds
no more to be faid thereof, and therefore the next Work is, How to diminith
the Shafc of this or any other Column.

BuT before we can proceed to this Work, it muft be obferved; Firft, That the
Heights of the Bafes of Columns in general are all equal to half 2 Diameter, or
30 Minutes ; as is alfo the Height of the Tu/tan and Dorick Capitals. Secondly,
That the Cinéture b, Fig. I. Plate X. and the 4ffragal, or Collerino b &, are
both Parts of the Shaft. Thirdly, That fince the whole Column in the Tufrar
Order, including its Bafe and Capital, is 7 Diameters high ; therefore taking
the Bafe and Capital from it, which together are equal to one Diameter,
the Remains, 6 Diameters, is the Height of the Shaft. Fourthly, That
Columus in general are diminithed but in the two upper Third-parts of their
Height, thelower Third-part being a Cylinder, Fifthly, That the Tufear Co-

' lemn
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Tumn is diminifhed One-fourth of the Diameter of its cylindrical Part; the
" Dorick One-fifth, the Ionick One-fixth, the Corinthian and Compafite One feventh,
and therefore the Diameter of the Tufean Column, at itsTop, is but 45 Minutes,
the Dorick 48 Minutes, the Jonick 50 Minutes, the Corinthian and Compafite, each
51 Minutes ¥,
Proe.III. Fig.I. Plate X.
T diminifis the Shaft of the ‘Tufcan, or any other Column.

Operation. Draw 1 b for its Height, i of which is its Diameter. Di-
vide /& into three equal Parts; at ¢ and C ; through the Points / C and & draw
Right Lines, at Right Angles, to the Central Line /4. Make Cy and C7,
each equal to 30 Minutes, and /4, /4, and CD, CE, each equal to 2z Minutes
and a half and draw the Lines 4 D, and £ E, on the Point C, with the Ra-

“divs 'y, defcribe the Semi circle yw 7. Divide /C into any Number of
equal Parts, fuppofe four, at the Points #¢ v, and through them draw the Right
Lines mo, pr, and s #, of Length at Pleafure. Divide the Arches y2, and 3 7,
cach into as many equal Parts, as you divide the Line /C, which here is 4,
as at the Points 1 % x, and 4 5 6, and draw the Ordinates 1 4, = 5, ¥ 6. Make
s, and @ #, each equal to the half Ordinate B 6; allogp, and g r, each equal
to the half Ordinate 4 5; and # m, and = o, each equoal to the half Ordinate g 4.

. Froin the Points 4 4, through the Points 22 5, and o r #, unto the Points 3 7.
draw the Lines by, and £ 7, fo as not to make an Angle at any Point, and they
will diminifh the upper Part of the Shaft, asrequired. As this Method is general
for diminifhing the Shafts of all the other Orders, no more need be faid on this

« Subjeét.

In Plare XX. Fig.T. and II. is exhibited the particalar Members of every prin-

 cipal Part of this Order, with their refpective Meafures of Heights and Projec-
tions.

Prosn. IV. Fig. 1L Plare XIX. :

T proportion the Heights of the prir;;'pa! Parts of the Tulcan Order, by egual

arts.

Operation. Divide aly the given Height, into 5 equal Parts ; the lower one
£/, is the Height of the Pedeftal, and the remaining 4 Parts, ag, equalto z s,
divided into g equal Parts, the upper one is the Height of the Entablature, and
the lower 4, the Hcight of the Column, which being divided into 7 equal Parts,
1 is-equal to its Diameter; and thus are the Heights of all the principal Parts
determined. : :

: Pros. V

To divide the Height of the Tufcan Pedyfial into its Bafe, Die, and Cornice, and

2§ them into their refpedive Members.

Operation. Divide g/, Fig. 11. Plate XI1X. the given Height, into 4 equal
Parts, assw, give the lower 1, to the Height of the Plinth, one Third.part of

“the next 1; ta: &, the Height of the Moldings to the Bafe, and ha fthe npper
1tagh, the Height of the Cornice.

To divide the Moldings of the Bafe and Corsice of the Tufcan Pediffal.
Fig. 1V. Plate XX. :

Opération. Firlt, Divide 3, the Height of the Moldings on the Bafe, into 3

~ equal Parts; give the upper 2 to the Cavetto, and the lower 1 to the Fillet.
Secondly, Divide ad, the Height of the Cornice, into three equal Parts ; alfo the
upper 1, b¢, into two Parts, and the lower 1, eg, into three Parts, Then

“giving the upper 1 of b ¢, to the Regula, and the upper 1 of ¢ g, to the Fillet,
the two Remains will be the Plat-band and Cavetto.

: To determine the Projeltions of thefs Members.

First, Make the Projetion of the Dado # 4, equal to half the Height
of the Dado and Mocldings on the Plinth taken together, thereby forming a geo-

“metiical Square, as in Fig. IT. Plate ¥IX. wherein is a Circle inferibed.
Secondly, Make she Projeftion of the Plinth and Regnla, before the Upright

of the Dado, equal to the Height of the Cavetto and Fillet on the Plinth,
Thirdly,
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Thirdly, Divide fb, the aforefaid Proje&ion, into 6 Parts, the ficlt 1 fops the two
Cavelto’s at # and ¢; the third, the upper Fillet m, and the 5th the Platband
and lower Fillct p,
Proz. VL
To dizvide the Height of the Tolcan Column into its Bafe, Skaft, and Capital, and
them into thetr refpefticve Menmbers.

Operation, Firlt, Divide 4 g into 7 equal Parts, and take 1 for the Diameter.
Make ¢g, and 4 /; each equal to half a Diameter, for the Heights of the Bafe
and Capital. . This done, fuppofe G ¢, and a ¢, in Fig. XX. to be the Heights
of the Bafe and Capital, as before found,

Do proportion the Bafe of the Tufcan Colunn.
Divioe 4f, equal to it Height 2 ¢, into 7 equal Parts; give 4 to the Height
of the Plinth, and 3 to the Height of the Torus; alfo make ¢ 4, the Height of
tiie Cinélure, equal to 1 Part,

To determine the Projection of the Members of the Tufcan Baf.

Divipr ¢ 3, equal to the Semi-diameter, into 3 equal Parts, and make ¢ 4y
equal to 4 of thofe Parts.  Divide the Part 3 4, into 5 equal Parts, and a Line
as § b4, being drawn from the {econd Part, parallel to the Central Line of the
Order, will cut the Central Line of the Torus in 7, its Center, and ftop the
Cintlure at 7. This being done, and the Shaft of the Column eredied on the
Bafe, as before taught, proceed we now

To prapartion the Tulcan Capital. ‘

Divipe its Height G ¢, equal to 4 B, into 3 equal Parts, Divide the upper
1, as E F, into 4 Parts, give the upper 1 to the Regula, and the lower 3 to
the Abacus. Divide the iniddle 1 into 6 Parts ; give the upper 5 to the
Ovclo, and lower 1 to the Fillet. ‘The lower 1 is the Height of the Hypotra-
chelium, or Neck of the Capital.  Neaw to_find the Projectures of theje Members,
male g7 equal to half G g, and divide £/, equal to g 7, into 6 Parts ; the firlt 1
ftops the Fillet, the 4 Parts L the Ovolo, the fifth Parc the Abacus.

The dffragal, to the Top of the Shafr, is thus Proporioaed.

MaxkE ¢ rits Depth, equal to half 2 », the Height of the Necking, which
divide into 3 Parts ; give 2 to the Aftragal, and 1 to the Fillet, The Projeciure
of the Aftragal o, is eqoal to 2r », 2i%. to half the Height of the Neck, which
is equal o  of the whole Capital’s Height, and its Fillet o T thereof.

Pron, VIL
To dimide the Height of the Tuolcan Entablature inio its Architrave, Freeme, ard

Cornice, and theminto their refpeitive Mewthirs,

Operation. Divide o 4, equal to its Height 2 G, Fig, III. Plate XX. into
7 Parts : give z.1o the Height of the Architrave, 2to the Height of the Freexe
and 3 tothe Heizht of the Cornice. 7o diwide #he Architrave, divide CD’
its Height, into- 6 Pares, and give the upper t to the Tenia, which is alfc:
called Diademe, a Bandiet or Fillet to bind the Head, whole Projeétion dc
is equal to its own Heiglt.  Centinue its Face to fand &, making each e(]u;.,l'
to 115 Proje&tion, and defcribe the Quadrant g¢, above the 'l'enia? for the im-
mediate eurrying the Rains from it, and the ocher below it, to frengthen its
Projeélion. %

To diwide the 'Tulcan Cornice into i5: Mombeors.

Trs Height being before divided into 3 Parts, divide the lower 1, Z¢, into =
Parts, give the upper 1 to the Height of the Ovolo, and the lower 1, 4 £ di-
vide into 4 Farts; give the upper 1 o the Fillet, and the lower 3 to the Cav:atto.
Thefe three Members taken together, form that which Workmen call the Bed-

moulding of a Cornice. Divide the upper two Parts of the Cornice into 24

equal Partg», as &_c, give nine Parts and a half to the Height of a2 Corona, and
to the Height of the Ovolo, and the Remains between ther
vided into three Parts, give 2 to the Aftragal and 1 to the Filles,

nig, being di-
The Projettion
of
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of this Cornice  /is equal to its Height; therefore make # o, againft the
Freeze, equal to is whole Projeflion, and divide it into 3 Parts. Divide the
firft Part into 8 Parts, as at p; the firlt 1 Part fops the Projeftion of the
Foot of the Cavetto, the 4th Part its Fillet, the 7th the Ovolo, and the 8th its
Fillet next under the Corona. The middle Part being divided 'into 4 Pares,
the third Part from the Left fops the Drip of the Corona, and the fourth Part
the Face of the Corona,, The third or outer Part being divided into 2 Parts,
and the firlt 1 Part into 4 Parts, the firft 1 ftops the Fillet x, and the next
1 the Aftragal y; and thus is the whole Order completed, by equal Parts, as
required.

Now to proportion any Part of this Order, to any given Height, thefe are the

: Rules, wj=.

I. 7o propareion the Column and Entablature only, fo any giwen Height, and te
Jfind the Diameter.

Rule. Divide the given Height into 5 equal Parts, the upper one is the Height
of the Entablature, and the lower 4 of the Column, which divide into 7 Parts,
and take 1 for the Diameter of the Column. &

1L, To proportion the Pedefial and Colwmn only, to any given Height, and to find

the Diameter. ‘

Rule. Divide the given Heightinto 21 equal Parts, give 5 to the Height of
tll;e Pedeftal, and 16 to the Column, which divide in 7 Parts, and take 1 for the

iameter. :

LII. To proportion the Height of the Tufcan Cornice, to any given Height.

Tuis admits of two Varieties, wix. Firll, being confidered as the Cornice of
an entire Order ; and laftly, as the Cornice of an Entablature, to a Column
only.

In the firlt of thefe Cafes, divide the given Height into 35 equal Parts, and
take 22, for the Height of the Cornice ; and in the laft Cafe, take 3- Parts,
which divide into 3 Parts, &'e. as before direted in the Cornice of the Zufran
HEntablature. :

The Intercolumnation of this Order, thatis, the Diftance at which the central
Lines of the Columns are to be placed from one another, is of divers Kinds,
and thofe according to the Ufes they are applied to. s for Example, in a Co-
lonade, as Figl. Plate XXII. the Diftance between their central Lines is g Dia-
meters. In the Frontifpieces, Fig. I. and IL. Plate XX]. and in the -Arcades 4
B C, Plate XXII. whole Columns are on Subplinths, they are at 6 Diameters
Diftance. And in Arcades of Columns on Pedeftals, as Fig. IV. Plase XXI.
they are at 7 Diameters Diftance.

When Trfean Columns are placed in Pairs, asabe f; Fig. Il andde fok i,
Iiig. D and E, Plate XXII, the Diftance of their central Lines is 1 Diameter,
45 Minates, :

Tue Intercolumnation of Colamns, in Tufear Portico's, are of two Kinds, iz,
the Middle 5 Diameters, as ¢4, Fig. IL Plate XX1I. and the Sides 4 Diameters
€ach, as b cand d e

1B C T Ve

OF the Manner of compefing Frontifpices, Arcades, Colonades, and Pirtice’s of
2he Tufecan Order.

Ronrrsrieces to Doors are either ftreight or circular headed, which laft
i; either Semi-circular or Semi elliptical. \

Semi-circurar headed Doors are more graceful than thofe that are Semi-
elliptical, which laft is feidom vfed but at fuch times when the Height will
not admit of a Semi-circle, as being either too high or too low, When the
given Height that an Arch muft rife above the Impofts from which it fprings
1s more than half the Breadth of the Opening, the Arch maft be a Semi-ellipiis,
made on the conjugate Djameter, as Fig. X. Plare LXIII. Butwhen the given

P Heighs
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Height s Iels than half the Breadth of the Opening, the Arch muft be a Semi-
cllipfis, made on the tranfverfe Diameter, as Fig.1X, Plate XXILI,

- Itis always to be obferved in making of Doors with arched Heads, that their
Impofts beplaced fufliciently above a Man's Height, that they may not obftraét
any Patt of the Entrance. —

Pron. L. -Fig. 1. Plate XXL
T shake u Talern jguare headed-Door, avith a civcular pitcht Pediment.

Dwase the Bafe Line, and at any Poinr as & erect the Perpendicular & ¢, and
draw g b, and £, parallel to the central Line b ¢, eachat 3 Diameters Diftance.
Setupthe Subplinths g and 4, each 3 Diameter in Height, and on them eredt two
Columns with their Entablature, by Pros. 11, or IV. LECT. V. and give
the Subplinths 42 Minutes Proje&ions on each Side of their central Lines. Make
the Margins  » 30 Minutes in Breadth, from the cylindrical Parts of the Co-
Tumns, and from the under Part of the Architrave. Divide the whole Extent of
thié level Cornice into g equal Parts, as is done in Fig. D. Plate XV. and fet up
two of thofe Parts from 2 10 ¢, and draw the Line ¢4, for the upper Part of the
raking Cornice. : oy

To proportion the raking Members to the raking Cornice, Fig. VII. Plaze XV.

Frow the Pointydraw o y, pavallel to ¢ 2w, alfo x &, parallel tody. On any
Partof » =, s ata, ered the Perpendicular @ #, which continue through the
Jevel Mouldings. Make 2 b equaltoo p; bcequal topg; ¢ d equal to g 73
d e equal to'rs; ande fequal to sy and throngh the Pointsa & ¢ de f, draw
fight Lines'parallel to x =, whieh will be the Meinbers tequired.  And which
will have the fame Proportion to the raking Cornice, as the level Members have
to thelevel Cornice. :

To make @ circular Pedimment.

Lsrg, Fig. E. Plare XV. reprefent the Extentof the whole Entablature,
Malse x ¢'ciqnal ‘1o 2 Ninths of g4, drawe g, ore s, which bife& in flor &,
whereon ereét the Perpendicular £ &, or & &, which will cut e », continued in the
Center, which in Fig. [ Pfaze XXI. is the Point £, on which defcribe the Members
found ‘as aforcfaid. ;
Peon. II. Fig. IV. Plare XV.

To frd the Curanturs o Mol of the raking Ouvio, that fbell mitre auith the

liwel Owola,

LeT i p'be a Pait of the tevel Cornice, andax the Ponts from which the
raking ‘Cornice takes its rifes | aliolet £ a, apd g », reprelent a Bart of the raking
Cornige. ~On neredt the Perpendicalarax b, %nd continae [« to £ ; divide b # into
any Numberof equal Parts, lat the -Points 1 2 3, &, and from them draw the
Ordimates 1 2, 34, § 6, &c.. dnany Partof the raking Ovelo as at ¢, draw the
Perpendicular ¢ zz, and make ¢ dequal to 4 @, the Projeéiion of the level Ovolo,
Divide ¢ into the fame Numbérof egual Barts ayare ind #, as atthe Points ¥ 3
& 7, &% from which draw Ordinetes equel tothe Ordinates in b, and through
thz Points 2 4 6, &e. trace the Curve required. . In the fame maniner the Cur-
vature or Mold may be found when the opper Memberis a Cavetto, Cyma redia,
or Cyma reverfa, as is exhibited in Fig. V, VI, fnd Vil

Pran. HL Fig. 1V, Plae XV.
To find ‘the Curvatire or- Mol of The remraed Melding, n an opon or Froken
1. Pediment.

Lzt the Foint £be the:given Point, at which the raling Molding is to retusa.
Continte # prrewards b at pleafure, andfrem the Point /, Iet fall the Perpen-
dicular #43 draw fepafaliel to b p, and make £ ¢ cqual 104 4, the I'rojection af
the level Cornice, Draw.e; parallel to 7/, and divide ¢ ¢ into the faime Numnber
of equal Parts, as are-contained in b, as at the Points 1 3.5 7, & from which
draw the Ordinates 21,43, G5, &e. equal o the Ordinates in 4 2, through the
Pointsz 4 6 8, i, wrace the Gmve required. Jn the fame manner the Cur-
vatare or Mold may be found when the apper Member s a Lavetto, Cyma
redla, or Cyma rever(a, as is exhibited infig. V, VI, and V11 Plade XV

Prozn,
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Pron.IV. Fig. II. Plate XXI. -
Tomate a Tulcan eireular beaded Door avith a pitcht Pediment, or Ballyflrade.
$ET up two Columns with their Entablature as before taught, making the Dif-

tance of the central Lines equal to 6 Diametess. Divide » &, the Height of the

Colamns, into 3 equal Parts, and fer down 1 Part fromz 10 g, for the Center of

the Arch, and draw the Line g¢. Make the Breadth of<the Pilafters p %, each

30 Minutes, from the cylindrical Part of the Columus, and delineate the Impoits

and Architrave of the Arch as follows, wiz. |

In Fig. TII Plate XXI. a 3 reprefents the Breadth of a Pilafler, make 4.4
equal to @ 3, and divide 2 5 in 3 equal Parts at 7 and g, then- the upper 1.is
the broad Regula or Fillet, and the lower 1 the Neck of the Impoft.  Divide
the Middle Part in 4, give the upper 3 to the Ovolo, and the lawer 1 to its Filler,
Make 4 ¢ equal to half ¢ 4, and divide 6 ¢ in 3 Parts, give 2 to the Afiragal and
1 to the Filler : And thus are the Heigh:s of all the Members determined. The
Projeflion of the Regula on the Ovolo is equal to its Height, as is the Fillec
under the Gvolo.  TTie Projeétion of the Altragal isequal to the Height # %/, and
its Fillet to 3 thereof. To divide the Achitrave of the Arch, divide @ 3 intg 3
Parts, the inward 1 is the Breadth of 2, 3, the firit Fafcia, half the outer one is
the Breadth of a #, the Fillet, and the Remains is the Breadth of # 2, the great
Fafcia. The Breadth of the Key-ftone # #, on the lower Part of the Architrave,
is anc cleventh Part of the Semi.-circle. Now if 'tis required to finifh this Dgor
with 2 Pediment cither Rreight or cireuler, proceed therewith as before tanght in
Progp. I hereof, and if wich a Palluftrade as on the left Side, then by Pron. V,
LECT.1V. divide 45, the Height, which is eaual ta the Height of the Pedi-
ment, into the fame Parts as the Tulcan Pedeftal, making the Breadth of the
Dado of the Pedeftal equal to the Diameter of the Column at its Aftragal, then
the Cornice and Bafe being continued, and the Dade Pare filled with Bapifters,
the whole will be conrpleted as required.

To diwids the Diffances of the Banifiers. Divide the Diftance between the Dado
of the Pedeftal and the censral Line 2 4, into 33 equal Parts, giveiz to the half
Banifter againft the Pedeftal, 2 to the Intervals or Diltances between the Bauif-
}f“' 4 to the Breadth of each Banifler, and ¢ to the half Interval at the cengral

inea b-

Tue Banifter proper to this Orderis exhibited in Fig. A B C Plate LXVIIT.
with the Proportions of their Members adjufted by equal Parts. - '

Nz, 1 'tis required to complete this Frontifpice Urittly, according to AxprEa
Parnapro’s Meafures, then inftead of the preceding Impoft, we mult infert either
of the Impolis A or B in Plate XL1}. where is exhibited all the Impolls to the five
Orders by this great Mafter. '

Notz alfz, If to fuch a Semi-circular-headed Door, 'tis abfolutely neceffary to fet
the Colamns on Pedeilals, then the Diftance of the central Lines of the Columus
muft be increafed anto 4 Diameters, as in Fig. 1V: Plare XX,

Pros. V. Plare XX .
9o make a Tulcan Arcade, .

Axcanes aremade in three different Manners, wiz. Finf, of fingle Columns
A B C, fecondly, with Colamns in Piersas D B, and lafily with Ruftick Piersin-
ftead ot Columns as F G, and H 1 K.

To form the two firlt Kinds of Arcades is no more than to place Columns at
fuch Diftances as isexprefled between their central Lincs, and to complete them
with their Pilafless, Impofts, and Arches, as taught in the laf Problem.

Arcapes with Piers have their Piers of the fame Breadths as are egnal to,
the Breadths of the Pilafters and Columns in the two. former Kinds, as isevident
by the dotted Lines continued down tothem ; and the Height of the level Ruf-
ticks from which the Arches {pring, is the fame as the Height of the Impefts in
the former, Fhe Rullicks in the Arches are divided in difierent Manners, as
£irp, Fig. D. where the Arch is divided into 11 Parts; and their Length made
equal to half the Breadth of the Pier, Secondly, Fig. E, where the Key-lone 4

P2 is
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is 1 eleventh Part of the whole ; the Sides 2 &, and cd, each equal to half 4 ¢,
and then the Side ¢ 2, divided into 4 Farts give 1 to each Ruftick. Thirdly, Fig.C
is divided in the fame manner as E, but its Pier G being but half the Breadth
of the Pier H, the lower Ruftick on each Side is therefore omitted. Fig. B is
divided the fame as Fig. D, with its lower Rufticks omitred for the aforefaid Rea-
{on. Fig. A is divided thefame as Fig. E, and hath its lower Rufticks omitted as
in Fiz. C, but its Side Rufticks are {quared on their Sides by the central Line of
each Pier, and at their Tops, by a Line drawn level from the upper Part of the cir-
cular Architrave. The circular Architraves in Fig. A B and C have their Heights
equal to half the Thicknels of their Piers, and their Fillet is equal to 1 fourth of
their Height, as expreficd by the Divifions on the right Side of the Key-ftone
in Fig. B,
Pron. VI. Fip.I. Plate XXII.
To take a Tufcan Colonade.

To forma Colonade is no more than to range Columns with their Entablatare,
at 5 Diameters Diftance as exprefled between the central Lines of the Columns,
The Intercolumnation of this Colonade is called Areofiy/e from the Gresk Aracos
Rare, and Sty/os a Column, by which Fitrawius fignified the greateft Diltance that
thould be made between Colamns that have not Arches between them to affilt the
bearing of the Architrave.

Prop. VII. Fig. I, Plate XXII.
To make a Tufcan Pertico.

Porrico’s were anciently Porches formed by Columns, fupporting Parts of
Roofs, continued out beyond the Uprights of the Ends of Temples, as the Por-
tico of St. Paul's Cowent-Garden.  But now they are oftentimes placed againft the
Fronts of Buildings fupporting a Pediment, to difcharge the Rains, and alfo in
Gardens, to terminate the View of a grand Walk, &

Divide the given Breadth into 35 Parts, and take z of thofe Parts for the Dia-
meter of the Column. This done, (et ont the central Lines of the Columns, as ex-
prefied between them, and complete the feveral Columns with their Entablature.
But as the four middle Columns are finifhed with a Pediment to make the Por-
tico, they muft advance 3§ Diameters forward before the Range of the Columns
a and /£, and Pilafters muft be placed behind the Columns & and ¢, in range with
a and f, which indeed fhould be Pilafters alfo. {

A PrasTer is called by the Greeks, Paraflate, and by the lalians Mem-
Breesi, and is nothing more than a fquare Column, and is diminifhed the fame as
a round Column, when flanding with Columns; butwhen alone, it muft not be
diminifthed, nor indeed even when with Columns, 2sin this Example when ftand-
ing at an Angle, as thofe of a and £; becaufe the Quoins of all Buildings fhould
be erect. ‘ '

: Examples for Praffice in the Tufcan Order.

X, The Height of the Tuftan Architrave bedng piven, to find the Height of its Freee,
and of its Coruice. Ruigz, Make the Heightof the Freeze equal to the Height
of the Architrave, and the Height of the Cornice to 3 fourths of the: Height of
the Architrave and Freeze taken together,

1L, The Height of the Tufcan Cornice being given, o find the Height of the Archi-
tranws and of the Freewe. Ruwnk, Divide the Height of the Cornice in 3 Parts,
and mazke the Height of the Architrave, and of the Freeze, each equal to two
Parts thereof,

I11. The Height of a Tufcan Cornice being given, to find the Diameter of the Co-
Jumn. Ruie, By Example 11, find the Height of the Architrave and Freeze,
and add them to the Cornice; mukiply the Height of the Architrave, Freeze,
and Cornice by 4, and divide their Pradu& by 7, the Quotient is the Diameter
required.

IV, The Diameter of a Tufean Colurmn being giwen, fo fnd the Height of the Core
xice, Rure, As 12 istog, foisthe given Diamerer to the Height of the Core
nice required.

The
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V. The Height of a Tufcan Architrave being given, to find the Diameier of the
Colamn. Ruvre, Double the Heizght of the Architraveand it will be equal w the
Diameter required, and fo on the contrary, if the Diameter was given and the
Height of the Architrave required, then half the given Diameter is the Height
of the Architrave.

V1. The Height of the Tufean Entablature being piven, to find the Height of the
Capital. RurE, Divide the Height of the Encablature into 7 Parts, and make
the Height of the Capital equal to 2 of thofe Parts ; and fo on the contrary, if
the Height of the Capital was given to find the Height of the Entablature, divide
the Height of the Capital into 2 Parts, and make the Height of the Entablature
equal to 7 of thofe Parts.

VII. The Heiglht of the Capital and Entablature being given, to find the Dianeter,
Rurg, Divide the given Height of both Capital and Entablature into g equal
Parts, the Diameter will be equal to 4 of thole Parts,

LECTURE VI

OF the Manner of proportioning the particular Parts of the Dorick Order by Modules
and Minutes, according fo ANDREA Pavvavio; and by equal Parts, compofed
Jrom the Maflers of all Nations. :

TH E prinicipal Parts of this Order by Axprza Parrapro are exhibited in
Fig. L and its Pedeftal in Fig. TIL. Plare XX11I. The Bale, Capital, En-
tablature, and Plancere of the Cornice are exhibited by Fig. 1. and III. Plate
XXIV, and as they are all proportioned by Modules and Minutes in the fame
manner as the Tufcan Order, itis needlefs to fay any more thereof.
ProBrEm L.
To praportion the Heights of the principal Parts of the Dorick Order by egual Parts.

Ler ab, Fig. I, Plare XX be the given .Hclght. divide ¢ £, e%al toaéd,
into 5 equal Farts, give the lower 1 to the Height of the Pedeftal. Divide the
4 remaining Parts into 5 equal Parts, the upper 1is the Height of the Entabla-
ture, -and the lower 4 the Height of the Column, which divide into 8 Parts, and
take 1 for the Diameter of the Calumn. :

~ Proprem II. .1,
To divide the Height of the Dorick Pedefial into its Bafe, Dic, and Cornice, and them
inta their vefpecdive Members.

LeT a b, Fig. 1V. be the given Height and central Line of the Pedeftal, di-
vide ¢ 4, equal 10 2 4, into 4 equal Parts, give 4 1, the lowelt Part to 4 L, the
Height of the Plinth. Divide the next Part into 3. as s, and give 1 to £, the
Height of the Mouldings on the Plinth. Divide# s into 8 Parts, give 3 to the Ca-
vetto G, 1 to the Fillet I, 4 to the inverfed Cyma Refta K ; and the lower 1 to
its Fillet L, Make e fequal ¢ to half the upper 4th Part of the Pedeftal’s Height,
which divide into 2 Parts ; divide / g equal to i Quarter of ¢ finto 3 Parts, give
1 to the Fillet B, and 2 to the Afiragal D. Divide £4, equal co half ¢ £, into 4
Parts, give the upper 140 the Regula A, and the other 3 to the Falcia B, The
Remains is the Qvolo C. . :

To dezermine the Projediions of the Membors.

Iy Fig. 11, a Circle being inferibed within the Dado of the Pedeftal, fhews
that its Height and Projeftion are equal, therefore draw the Line g x, parallel to
@ b, at the Diftance of half the Height of the Dado ', Malke av v equal to @ x,
and through the Point «v draw the Line v p, which is the Projeftion of the
Blinth M, and Regula A. Divide 5 ¢, the whole Projection before the upright
of the Dado, into 8 Parts, and one half thereof as x o into 3 Parts; the firit Pare
of z¢is the Proje@tion of the Fafcia B, and its lalt Part, or 4th Partaf p 4, ofethe
Ovolo C, and the 6ch and 7th Parts of p¢ terminante the Aftragal D, and its
Fillet E. The firk Part of p ¢ terminates the Fillet L, the 5th Part the Fillet I,
and the 7th Paz: the.Cavetto G.

ProBrim
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Puomrem IN. . I
Yo divide e Height of the Dorick Columninto its Bafe, Shaft, and Capital, andithess
inty their refpedive Members. ;

Divide the given Height into 8 Parts, 1is the Diameter, and as the Height of
the Bafe and Capital are each half a Diameter, therefore (as in Fig. I, Plate
XXKIIL.) make ¢ p the Height of the Bafe, and  # the IHeight of the Capiral,
each equal to half a Diameter.

To divide the Members of the Bafe. D :

Ler a f, Fig. IV. Plate XXIV, be equal 10 a given Height of the Bafe, Di-
vide a finto two Parts, the lower 1 is the Height of the Plinth : Divide ¢ » cqual
o half o £, into 4 Pasts; give the lower 3 to the Torus, and the upper 1 to the
Altragal, which divide into 4 Parts; and make 4 ¢ the Height of the Cinélure
equal to two Parts.

To determine the Projeftion of the Bafle.

Draw the Line 4 3 parallel to 7 # the central Line, and, at the Ditanee of
half a Diameter, divide £ 3 into 3 Parts, and make 4 4 the Projection of the
Plinth equal to 4 of thole Parts. The Projection of the Torus is, always equal
to the Plinth in every Order : The Projection of the Cinétire is equal to a Per-
pendicular drawn through the Center of the Torns, as is the Center of the Aftra-

al alio.
g To divide the Members of the Capital.

Ler R W.Fig. T1. be equal to a given Height o? the Capital, divided into
3 equal Parts, as ¢ 1 2z 3, and the lower 1 Part is the Height of the Neck:
The middle Partequal to x y, divided into 3 Parts, the upper 2 is the Height of
the Ovolo, and the lower 1 divided into 3, as g =, the npper 2 is the Height of
the Aftragal, and the lower 1 the Fillet: The opper third Fart, equal to /=,
divided into.3; the lower two is the Heightof the Fafcia, and the upper 1 di-
vided into 3, the opper 1 is the Height of the Fillet, and the lower 2 of its Cyma
Reverfa.

To determine the Pr@jedions of thefe Members.

Ler R'W reprefent the central Line of the Column, to which draw the ap-
vight Line of the Column § A parallel to R W, at 24 Minotes Diftance : Make
8T equal to half R S, and from any Part of the Neck of the Capital, as at A,
draw the Line A B equal to § T, which divide into 4 egual Parts ; the xit Part ter-
minates the Projection of the Aftragal under the Ovolo, and 3 thereaf its Fillet,
the 3d Part terminates the Fafcia of the Abacus, and 2thereof the Ovolo. The
Aftragal at C is proportioned in the fame manner as the Aftragal to the To/ran
Column. :

Tug Shaft of the Dorick Capital is fometimes fluted, either sccording to the
Manver of the Ancients, without Fillets, ason the right Hand of Fig, 111, Plarc
X. or, according o the modern Manner, with Fillets, as on the left Side, in
wgnnet of foxich Flutes. *Tis faid, that the firft Ruted Calamns were thofe of the
renowned Temple of Diana, built at Ephefus, as fome think by the Amazins,
.which were of Marble, 7o Feet in Height, and whofe Flutings were made in Imi-
tation of thie Piaitings in Womens Robes: This Building employed zo0 Years to
finifh it at the Expence of all 4fz. The Number of Flutes to the Doric Shaft
was eriginally bot tweuty, as they Rill thould be made, that their Breadths may
be greater than thofeof the Tnic and other Orders which are always 24 in Num-
ber: And the Realon is, that as the Derie Order hath a mafculine Afpedl, its
Parts otght to be Javger and bolder than the Joniec, which reprefents a feminine
Slendernefs.  But bow juft the Precepts of the Antients may be, fome modern
Archirects take Liberty to decorate the Dosfe Shaft with 24 Flutes with Filiers,
thinking'thofe of 20100 1arge. And indeed, when the Order is made within a
Building, andl vear to the Bye, I 'think 24 to be better than 20, which are mtch’
bester fi Colirens that fland abroad, and feen at a great Ditance.

ProB.
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¥ Pros. IV.
Ty divide the Flutes, or Flutes and Fillets, in the Shaft of the Deric Columm.

FirsT, According 'to themanner of the Ancients, leti b4, Frg. IV. Plare
XK1V, reprefent one half of a Part of the Doric Shaft; on ¢ defcribe the Qua-
dratit 1 2 3 4, &c b, which divide into 10 equal Parts; divide any z of the
Parts, 453 4 5. ¢ach into z Parts, and on the Points 3:and 5, withthree of thofe
Parté, malke g Sefion, on which deferibe the Curve 3 5. In'the fame manner
defcribe all the others, Now if from the Points 1 3 5 7 9, youdraw right Lines
parallel to tlre central Lines #, and terminate them with Arches, which fhall
end level wish the upright Part of the Shaft, they will be ‘the perfpeftive Ap-
pearances of the feveral Flutings,

Speonpuy, According'to the Manner of the Moderns, 1et ¢ = » 2, Fip. ITL.
Pizre X. yeprefent a Part of the Deric Shaft.

Firfl, Draw a b the central Line, os a-defcribe the Semi-circlec 4 =, which
divide into 12 equal Parts, to which draw right Lines frem the Center ¢, and
continte them out fomething beyond the Semi-circle. In the'Quadrant &2, en
the Points 4 5, 4, 3, €. with 3 Radins equal to half one Part, deferibe the Qua-
drant r 3, and Semi-circles 2 6 #, ¢ 7 @, &c. ‘on the Points+6 7, &c. with the
Radiusr 'z, deferibe the Archesg 3, 3¢, 2, &, which are the Flutes withous
Fillets, %‘ecmdh-, In the . Quadrant ¢ #divide any one of thofe'6 Farts imo &
equal Parts, and with'a Radivsequal to 3 of thefe Parts on the Points 4, g, 13,
17, €9, deferibe the Arches pg, # 110, £ 15 m, &'c. which will ‘be the Flutes,
and the Intervals o p, mn, & I, &c. left between them will be the Fillets ; and
if from the Points pos mr /4, . right Lines be drawn paraliel to the central .
Line, and terminated at the lower Part of the Shaft wicth ‘Arches as befare, the
will be the peripeftive Appearanceof the Flutes and Fillets as required. 1In the{’e’
feveral Manters, the Breadth of Flutes, or of Flutes and Fillets, ‘may be found
at the ypper Part, and in any Part betwsen the upper and lower Parts of a Co-
lumn, Itisalioto benoted, that the Flutings of Columns are {ometimes filled
for one third Part of the Celumn’s Height, with Staves orCablings, which are
thus defcribed, wiz, on'the Points 15, 1%, &%, with the Radius 11, 9, delcribe
the Arches 10, 9, 123 ‘14,13, 16, e, which are the Plans of the Cablings,
and which arefometimes enriched with Ribbons, Pearls, and Olives, &5 as-es
Hibited in the upper Part of this Plate.

Pros. V.
G0 diide the Hesght of the Dortic Eutabiature into its Architraves, Freeze, and Cor-
uice, and them ints their refpeSive Members.

Lt 4R, Tig. 1L, Plate XX1V. be the cemral Lineand given Height, which
divide into 8 equal Parts, give zto'the Height of the Architrave, 3tothe'Height
of the Frecze, and 3 to the Meight of the Cornice.

. To diwide the drchitrame.

Divide p, the Heiglit of the Architrave, dato 6 Parts, .give the upper1 to'the
Height of the Tenia, the next 1 divide into 4, give'the upper 1 tothe Height
of tie Fillet, over the Drops, and the lower 5 intothe’Height of the Drops.

To didlide the Trigliphs and Metopsin the Freewe, Fig, V. and ¥1. Plate X L.IV.

TricLyrrs are Ornaments placed in the Dorie Freeze, and were firlt ufed in
tlie Delphic Temple, ‘reprefenting an antigue Lyre, 2 mufical Infltament invented
by Apolls. 'The Word Triglyph cemes from the Gre:f Tpiyivg, fignifyinga
threc-feulptared Piece, ‘guwafi tves babens Gyiphos, which the Fralians call Planesti.
A Triglyph confifis of feven ‘Parts, <z, two-entire Giypbes or Channels, ‘two
Semi-Glypbes, and 3 Spaces or Iuzerflices between them. The Breadth of a Trie
glyph is equal to ‘30 Minutes, and of a Metop 45 Minutes, which being equal
to the Heighuof the Freeze, ‘isthereforea geometnical Square.

‘Mrrors are the Intervals or fquare Parts of the Freeze that are contained  be-
tween the Triglyphs, and receive theirNames from the Greek Meza and Ope, be-
rween three, ‘which anciently was enriched with OxesSlkulls, Infiruments of Sa-
erifice, Trophies of War, &,

z Ler




116 Of ARCHITECTURE.

LeT angr bethe Breadth of a Triglyph, which divide into 1z-equal Parts, as
at zm, from which draw the Lines 1¢, 2 2, 3¢, ©'¢ which continue upwards
throvgh the Cornice unto 7 4, &Fc. and downwards through the Tenia and Fillet
of the Architrave; make ¢ b and # z each equal to = of the 12 Patts in 2, and
draw the Line x =; make b £, i ¢, & m, and = p, each equal to 1 of the 12 Parts,
and dray the Miter Lines ¢ f; de, e g, b, m &, and o p, which will complete the
Triglyph as required. : !

To form the Drops under the Tenia of the drchitrave.

Frowm the Points x 2, 4, 6, 8, 10, 12, draw Lines towards the Points ¢ ¢, &'c.

flopping them at the Fillet w<w, and they will form the Drops as required.,
To form a Metop, asn b r a. :

MAKE # b and r @ cach equalto # 7, and draw the Lineb &, thenn b rais the
Metop required. If it is required to make a hollow Pannel therein, asd ¢ 4 1,
divide 2 in 6 Parts, and make the Margin about the Pannel equal to 1 of thofe
Parts; alfodivide the Margininto 5 Parts, as at A ¢, and make the Breadih of
the Moulding within the Pannel equal to 1 of thofe Parts; then drawing the
Diagonals 47 and c e, their Interfeétion is the Center, about which place a Rofe,
or any other Ornament at pleafure. .

To divide the Cornice into its vefpestive Members, Fig. 11, Plate XXIV.

The Heightof the Cornice being 3 Eighths of the whole Entablature, as afore-
faid, divide the lower 1 into 3 Parts, give the lower 1 to the Height of the Cap-
ping to the Triglyph ; divide the remaining Height equal to & 0 in 4 Parts, and
the lower t thereof into 6, then the lower 1 is the Heighe of the Aftragal under
ghe Ovolo, and the next 4 isthe Height of the Ovolo; the fecond Part of & o
being divided into 3, the loweft 1 isthe Height of the Bells or Drops, the next &
of their Fafcia 1, and the upper 1 divided into g, the upper s is the Height of the
Fillet, and the lower 2 of the CymaReverla; the third 1 of & o divided into 6, the
upper 1 is the Height of the Fillet to the Corona, ard the lower 5 is the Height
of the Corona ; laftly, the upper 1 of % o divided into 4, the upper 1 is the Height
of the Regula, and the lower 3 of the Cyma Reverfa.

T determine the Projeltions of theMembers in this Cornice.

THe Uprigh: of the Column and Freeze ~ O § being before drawn, make » M
equal to half the Height of the whole Entablature, and from any Part of the
Upright of the Frecze draw a Line, as O P, equal to the Projelion £ M, which
divide into 4 equal Parts at 1 2 5 ; divide the 1ft Part into 3, the firft ¢ is the
Projection of the Tenia in Profile againft the Return, and of the Aftragal, under
the Ovolo, which divide into 4, the firlt 2 is the Proje&ion of the Triglyph in
retarn, the next 1 of the Capping to the Triglyph over the Freeze, and of the
Fillet and Drops under the Tenia of the Architrave.,

T'uE remaining 2 Parts of the firlt 1 of O P, divided into 6, the firft 3 terminates
the Ovolo, and the next 1, the Platform K, againft which the Mutules are placed.
The gd Divifion of O P terminates the Fillet of the Cyma Reverfa, that crowns
the Mutules, and this third Part divided inta 3, and the laft t into 3, the firft 1 ter-
minates the projedling Mutule L, Laftly, the laft Part of O P equal to Q.R, di-
;i‘liied inta g, the firlt 4 terminate the Prejetion of the Corona, and the next 1 its

illet. .

. MurvLEs are a. Kind of Modikions, that are always placed perpendicalarly
over the Triglyphs, to fupport the Corona, as well of Pediments as of Ttraight or
level Cornices, and whofe Breadths are always equal to the Triglyphs, as exhi-
giI:Fd in Plate XXVI. . The Word Mutz/e comes from Matuli the Latin for Mo-

ilion,

T Figure DEF G is the Plancere or Cieling, which the Zralians call Sofito,
of 2 Mutule, whofe Sides are each divided into 6 equal Parts, and parallel Lines
drawn from them, divides the whole into 26 Geometrical Sguares, in whofe
Centers the Drops or Bells are placed ; and if from their Centers right Lines be
drawn up to the projefling Mutole K L, they will be the central Lines, over
which the 6 Drops between K and L are to be placed, ‘

‘ THE
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Tasz Ceetral Lines of the Drops to H 1, the Mutole in Front, are determined

by the Contingation of the twelve Lines from the Triglyph, which alfo makes

the Breadth of the Mutule equal to the Breadth of the Triglyph, wide Fig. IV,

- Plate XLIV. where ed 2l is a complete Mutile in Front, and Fig. Ii1. a Mu-

talein Profile, divided as aforefaid, whale Drops are drawn to the Points #a,
€c. at the Interfeétions of their Central Lines, with the Line ¢ 4 drawn through
the Midit of the Fafcia ao.

In Plate XXV. is exhibited various Manners of making the Returns of the
Planceres of the Dorick Carnice, wherein it is to be noted, that Fiz. . and V.
which are Returns at external Angles, have but 18 Bells or Drops, each accord-
ing to Palladis, and Fig. II. which is a Return at 2n external Angle, has 36, as
at F. 2dly, That fometimes Mutules are made [quare, and fhew but 28 Bells,
asat B and D, Fig.1'V. which is a Return at an internal Angle, as alfo is Fig . I11.
whofe thaded Parts ABGCEFG reprefent Parts of Columns, whereby it is feen,
that the Mutules D E in Fig. ILl. DF in Fig. Il. and B D in Fig IV. fand
direéily over their refpeftive Columns, The Coffers or hollow Panrels EABC
in Fig. II. and A C in Fip. 1V. are to be entiched with Rofs, as A; Fig, T
Examples of which are given in Figares A, B,C, D, E, Plate XXX VIIL

Proz. VL
To determine the Intercolumnations of the Dorick Order.

Operation. As the Breadth of a Triglyph is always equal to 30 Minutes, and
the Breadth of 2 Metop to 45 Minutes, therefore the Sam of the Minutes con-
tained in the Triglyphs and Metops, that are required between the Central
Lines of two Columns; is always the Intercolumpation, or Diftance, at whick
the Columns are to be placed. Thercfore to have 1 Triglyph between, as
@b, orgf, Fig. II. Plate XXVIIL. the Diftance muft be twa Diameters, 30
Mioutes, If 2 Triglyphs between, as 5¢, and de, 3 Diameters, 45 Minutes
if three Triglyphs, as cd, § Diameters; if 4 Trigiyphs, as over each of the
Arcades, Fig. A B C, &¢. 6 Diameters, 15 Minntes, & Hence it is plain,
that in the making of Frontifpicces, &c. to any given Height, the Breadth
cannot be confined; and therefore when fuch a Cafe happens, the T'riglyphs
and Mutules muft be omitted ; and the Diftance between the Columns fhould
not excecd 4 Diameters. .

Ine Plare XXV 1. Fig. I, and II. are Defigns of Doors, the firt with a fquare
Head, with both circular and pitch’d Pediments ever it, the other with 2 Semi.
cireular Head, with a Balluftrade and piteh'd Pediment, which are given for
Examples, asalfois Fig. ITk whichvishalf of an Arcade ona Pedeflal.

Fig. IV. is the Dorick Impoft at large, whofe Height a 4, divided into 3, the
lawer 1 is the Height of the Neck, the upper 1 divided into 4, the upper 1 isthe
Height of the Fillet or Regula, and the lower 3 of the Fafcia. The middle 1,
divided into 3, the upper 2 is the Height of the Ovolo ; and the lower 1 divided
into 3, the upper 2 is the Altragal, and the lower 1 its Fillet. The Diftancea;,
reprefents the Breadth of the Pilaller, and 7.5 its Upright. Make ¢ 4, the Pro-
jedtion, equal to One-third of 2/, Make 3 g equalvo 75, which divide into
4, then the firft 1 determines the Projeflion of the two Fillets, to the two
Aftragals ; the Third part the Ovolo ; and half the lalt Parc the Fafcia of the

« Abaeus.

Tug Depth of the Afiragal &4 is equal to half the Haight of the Neck,
divided into 5, give 2 to the Afiragal, acd 1 to the Fillet, ' In Plure XXVIL.
Fig. I.is aCelonade ; Fig. IL. a Portico; Fig. ABCDE Arcades; with fingle
Columns, and Columns in Pairs ; and F G HIK, are rufticated Arcades, which
are given as Examples for Pradtice. '

' Examples for Prafice in the Dorick Order. ’

1. The Height of the Darick drekitrave being given, to fnd the Height of the
Frevne, and of the Cornice. BRwie, Divide the Height of the Archiwave into 2
equal Parts; make the Height of the Freeze, and of the Cornice, each equal
to 3 of thofe Paris.

W5 i
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1. The Height of the Dovick Cornice being piven, to find the Height of the Aychi-
rave, and of the Freewe, Ruvne, Divide the Height of the Cornicento 3 equal
Parts ; make the Height of the Freeze equal to the Height of the Cornice;, and
the Height of the Architrave to ‘T'wo-thirds of the Cornice.

IIl. T%e Height of the Dorick Cormice &n':gg given, to find the Diameter of the
Colume. Rure, Divide the Height of the Coruice into 3 equal Parts, and make
the Diameter equal to 4 of thofe Parts.

IV. The Diamster of a Dorick Colimn being gitven, to find the Height of the
Dorick Gornice. Ruwe, Divide the Diameter into 4 equal Parts, and make the
Heighe of the Cornice equal to 3 of thole Parts, .

V. The Height of the Dorick drchitrave being gicwen, ts find the Diameter of the
Coilnpn.  RuLe, Double the Height of the A'chitrave, and it will be equal te
the Diameter required.

VI. The Height of the Doviclk Entablature 5;'/”{3 given, to find the Height of the

[

Capital. Rurg, Divide the Height of the Entablature into. 4 Parts, and make
the Height of the Capital equal to 1 of thofe Parts ; and fo on the contrary, if
the Height of the Capital was given, and the Height of the Entablature re-
quired, it is no more than to make the Entablacure equal to 4 times the Height
of the Capital. ‘

VIL. 7ke Height of the Entablatire and Crpital being given, tofind the Diamcters
Ruik, Divide the Height of the Capital and Entablature into 10 Parts, and take
4 of thofe Parts for the Diameter required,

' 4 I B Sl RS T
Of the particular Parts of thelon1ck OrDER, proportioned by Modules and Minutes,
according 19 ANDREA PALLADIO, and by equal Parts, compafed from the Mafiers
ofall Nations.
HE principal Parts of this Order are exhibited by Fig. I, Pigte XXVIIL,

and the particalar Parts by Fig. I. and [[. Plare XX1X. which in general
are determined by Minates, as the preceding Orders.

Prom. I. Fig, Il: Plaze XXXII,
To proportion the Heights of the principal Parts of the lonick Order by equal Parts.
First, Divide 4+, equal to the given Height, into ¢ equal Parts 4 give the
lower 1 to 7y, the Height of the Pedeftal. Secondly, Dividean, equalto the
Remains, into 6 equal Parts ; give the upper 1 to the Heigh: of the Entablature,

and the lower 5 to the Height of the Column, which being divided into g equal
Parts, take 1 for the Dizmeter of the Column,
Pros. II. Fig. 1V, Plare XXVIII.
To divide the Tonick Pedsfial ints its principal Parts, and them into their refpeliive
Members. ‘
Firsrt, Draw gav for the Bafe Line, and s=u for the Central Line. Secondly,
Divide g, equal to s av, the given Hcight, into 4 equal Parts ; give half the
upper i to the Height of the Corniee, and thelower 1 to the Height ef the Plinth.
Divide o p, equal to the fecond Parr, into 3 Pars, and the lower 1 equal to x y,
into 8 Parts ; give the uppf:'f 2 to the Cavetty, hall the next 1 to its Fillet, the |
lower 1 to the Fillet on the Plinth, and the Remains to the inverted Cyma.
Thirdly, Divide 4 »; cqual tothe Heightof the Cornice, into4 equal Parts, the
lower 1, divided'into 3, the upper 1 1sthé Height of the Altragal, half the next
the Height of the Fillet, and the Remains is the Height of the Cavetto. The
Jecond Part of 4 , is the Height of the Ovalo, the next 1 of the Platform or
“Fafcia, and the upper 1 divided into 3, the upper 1 is the Height of the Filler,
and-the lower 2 of the Cyma reverfa.
AL etengn Yo detzramine the Prajefions of theMaunldings.
- Tng Diametet being before found, by Pros, I. hereof, divide it into 6
sequal Parcs, and draw m r, parallel tosav, at the Diftance of 4 Parts.  Make
3 %, the Projection of the Plinth, and # / the Coraice, equal to y x, and draw

13 iz
o

o
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{z, parallel to m ». In any Place againit the Upright of the Dado, asat &»
draw « 4, equal to 2y, whichdivide into 4 equal Parts. The firft 1 terminates
the Projeétion of the Platform or Fafcia of the Cornice, the next 1 the Ovolo,
the third 1 the Cavetto’s to both Bafe and Cornice ; and which being diVided
into 3, ascd, orgh, the lakt 1 terminates their Bottoms, then half the firft 5
‘terminatcs the Fillet = on the Plinth, which completes the whole, asrequired,

Pror. IIL  Fig. 1. Plare XXVIIL
To divide the Height of the Toniclk Column into its Bafe, Shaft, and Capital,
Tue Height b, equal to £7, being divided into g equal Parts, give halfthe
Tower 1 to the Height of the Bafe. Divide i g, equal 1o the upper 1, into 6
Parts, give the upper 4 Parts to the Height of the Capital, the Remains be-
tween is the Height of the Shaft.

Pros. IV. Fig. IV. Plute XXIX,
To divide the Bafe of the Tonick Column into its refpeifize Members.

Draw o % for the Bafe Line, and o for the Central Line. Divide 4, equal
to the given Height, into 3 Parts.  Divide »/, equal to the middle Part, into 63
then the lowver 1, with the lower 1 Part of / 7, is the Height of the Plinth, the
next 1 the Height of the Fillet, and the upper 4 of the Scotia. Divide the
upper 1 of b m, into two Parts; divide 7 £, equal to the lower 1, into 3 Parts, and
give 1 to the Fillet under the Torus; the upper 2, with the upper I of £z, 1s the
Height of the Torus. Make ¢4, the Heighe of the Cinéture, equal 1o One-
fourth of f g. 7o determine the Projectures.  Draw fp, parallel to @ o, at the Di-
fiance of half the Diameter before found, Divide ¢ # into three Parts, and make
2 =, the Prajeétion of the Plinth, equal to 1 Parr, Divide p = into 3 Parts, then
the firft 1 terminates the Projefiion of'the Fillet o, the Center of the. Torus vy,
and the Cinftore . Bifedt the lalt Part in #, which terminates the Preje&jon of
the Fillet v, and completes the whole, as required,

' Pron, V.
Ta divide the Height of the lonick Capital into its refpective Members,

Draw the Line 17, 19, for to reprefent the Top of the Aftragal, to the Shaft
of the Column, and 17 11 for the Central Line. Divide r ¢, equalto the given
Height, into 4 equal Parts; then the upper 3 0{ thofe Parts is the Height of the
Volute and Abacus, Divide the upper 1 Part into 8 Parts ; give the upper 3
to the Ovolo, the next 1 to the Filler, and thelower 4 to the Fafcia, Divide
L M, the Height of the Volute, into 8 Parts ; make the Height of the Oyolo
“equal to the fifth and fixth Parts, the Aftragal u'nder tt, to the fourth Part, and
the Fillet under that, to the upperhalf of the third Part.  Make s #, the Height
of the Aftragal on the Shaft, equal to one eighth Part of rg, which divide intg

3 Parts, and give 2 to the Aftragal, and one to the Fillet.

To dsteramine their Projeciions.

CoxTinve the Central Line towards I at Pleafure, and inany Partofie, as
at I, draw a Line at Right Angles, as I K, equal to Three fourths of the Diax
merter, which divide into g equal Parts, cach equal to § Minutes. Draw the Up-
right of the Column, at 2§ Minutes Diftance, paralle] to the Central Line,
alfo the Line 13, 10, at 30 Minntes Diftance, which terminazes the Projetion
of the Aftragal on the Shaft, and the Aftragal to the Capital, whofe End
at 13 is the Eye of the Volute. Bifect the H.mght of t'hc Aftrapal to the Ca-
pital, and draw its Central Line 12, 29, Divide the Diftance bewween 25 and

+39, in 1 K, into 3 cqual Parts, and from theufecond‘Par: draw the Line 2,
2z, 16, parallel to the Central Line, which will terminate the Projeftions off
the two [illets 'ar 2z and 16, and being continued, will interfeéc the Cen-
tral Liine of the Aftragal 1z, 13, in the Center of the Eye of the Volute.
Make 11, 10 in the Capital, equal mQE; Minutes of 1K, for the Projeca

Z tion
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tian of the Ovolo. From the Points 4o and 45, in i k, draw the Lines N 4e,
and O K, parallel to the Central Line, which will terminate the Projeétinns
of the Angles of the Abacus. In any Places, asataé, and ¢ 4, draw 2 Lines,
asa b, and ¢ 4, between the afore-drawn outward parallel Lines. Divide 2 5
into ¢ Parts, and ¢  into 2 Pasts; then the 3d and 4th Parts of g b terminaze
the Projeétion of the Fafcia and Fillet, the Abacus in Front, and half ¢ 4 the
Fillet of the returned Abacus ; and as the Abacus of this Capital is made cir-
cular on each Side, asin the guarter Plan underneath, it is neceflary to fhew how
to deferibe the fume. Theaforefaid Lines for finding the Prejedtion of the Capital
being defcribed, thra’ any Past of the Central Line, as at the Point 18, draw
the Line Z 18 X, at Right Angles, dnd make 18 Zequal to 18 X, On the
Foints Z and X, with the Radius Z X, make the equilateral Sc€iion F, on which,
with the Radiuvs F 3z, deferibe the Arch 31, 32. Make 31 P equal 1o 11
10, the Projettion of the Ovolo under the Abacus, then the Point P is the
Center of the Plan ; whereon, with the Radius 3t P, deferibe the Quadrant
31, 4. Ina whole Plan of 2 Capital, continge the Lines 21 P, and P4, the 2
Semi-diameters, out both Ways at Pleafure, and thereon et the Diftance F I,
which will give you the other 3 Centers, on which the Arches of the other g
Sides may be defcribed ; on the Center P, with-the Radius +, equal to the Up-
right of the Shalt, theProjection of the Aftragal, and of its Fillet, defcribe the
Arches 12 3 ; laltly, make X33 equal to X 32, draw the Line 32, 33, whereon
defcribe the equilateral Triangle 32, 33, 34, whofe Sides will be interfefted by
the Arches defcribed on the Center F, &fe. and then Right Lines being drawn
from one refpeftive Interfection to the other, and the like being performied at
every of the four Angles of the Capital, the Plan will be completed.

Thuz next Work in order to camplete the Capital is to defcribe its Velutes,
which may be done by either of the following Problems.

Pron. VL. Fig. P. Plage XI11,
To deferibe the Llonick Poluse.

IeT ai bethe given Height.

Divioe the given Height into 8 equal Parts at the Points b ¢ /¢ f ¢ 5, which
are alfo numbered, 1 2 3 4.5 6 7; bifeét the gth Divifion e £ in %, and on =,
with the Radius xe, deflcribe a Circle, as quew f; which is the Eye of theVolute.
Through x draw the Linc av @, at Right Anglesto 4 7, 2nd then complete the

eometrical Square w e w f, and biledt its Sides inthe Points 1 2 3 4. Draw the
%)iametgrs 2 4, and 13 ; and divide each Semi-diameter into 3 equal Parts at
the Points 1 23456789 1021 12, which arc the Centers on which the Con-
tour or Qut-line of the Volute is to be defcribed, as following, @iz the Point 1
is the Center, of the Arch ¢ 4, the Point 2 of the Arch £, the Point 3 of the
Arch-7/, the Point 4 of the Arch /¢, the Paint 5 of the Arch c#, the Paint 5
of the Archao, the Peint 7of the Asch op, the Point 8 of the Archp qy the
Point g of the Arch g#, the Point 10 of the Arch » s, the Point 11 of the Arch
s £, and the Point 12 of the Arch £ 2.
To deferibe the innvard Line wobich diminifbes the Liff.

Divine each third Part of every Semi-diameter of the geometrical Square
2w ¢ Finte g equal Parts, asisdone in Fig, L. which is the Eye of the Volute
atlarge, The firlbone, within each of the aforefaid t2 Centers, are theCenters
for deleribing of the:inwird: Line, which Centers are numbered, 13, 14, 15; 16,
175 185 10, 86, 21, 225 23,164, 3 i

Brom. VII. Fig: I. Platz=%I111.
Do difivibe the Tonick Holute. a fecond Way.

Lo X 8 be the given Height.'

1. Divide the given Height into 8 equal Parts, and in the fifth Divifion de-
ferike the Eye of the Violute asin the preceding. '

Turovcu E.the Center, draw the Line 246E £ &, alfo draw the cbligue Lines
I, §sand %, 3, eachiat g; DegreesDiftunce from the: Ling o5 E o 4, which is
called:the Catberys gy

= 2dly,
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2dly, Draw B A, Fig. 1L equal to 3 Partsand ahalf ; .on A erelt the Per-
pendicular A C, which make eqaal to 4 Parts and half, and draw the Line C B,
on A, with the Radius equal to half a Part, wiz. equal 0 E 24, in Fig. L. de-
feribe the Quadrant E g, and draw the Line g B on B, with the Radius B g de-
{eribe the Arch g 4, which divide into 24 equal Parts, thro’ which from B draw
Right Lives to meet the Tangent Line C A in the Points 1, 2, 3, 4, 5, &

MaxeE1, E2,E 3, E4,E5, E6,E7, E 8, &e. in Fig. I1. equalto A,
Az, A3, A4Ag A6 A7, A8, EcinFig. I. On the Points 2 and 1, in
Fig. I. with che Diftance 1 E, make a Seftion within the Eye of the Volute, en
which defcribe the Arch 2 1. On the Points f and 2, with the Diftance 2 K,
make a Seétion inthe Eye as before, and thercon defcribe the Arch 1,2, Onthe
Points z and 3, with the Diftance 3 E, make a Seftion as before, whereon de-
fcribe the Arch 2, 3, proceed in like manner until the Oat.line be completed.

Ta diminifp the Lift of the Volute.

Let A F be its given Breadth.

Divipe 2 F into 24 equal Parts, and make 1 2 equal to 23 Partsof 2 F 5 2 &
to zz Parts; 3 cto 21 Parts; 4 4 to 20 Parts; 5et0 1gParts ; 6 Fto 18 Parts,
5. Proceed then to find Seélions for the feveral Arches, which pals thro® the
Points a b ¢ d, &e. as was done for the oatward Arch 1,2,3; 4, 5, &e.and they
will complete the diminifhed Lift, as requireds.

Tus Imick Volute was anciently deferibed by 6 Centers, as follows, Fig. IIL
Plate X111,

Suppost af to be the given Height. :

Drvioe the given Height into § equal Parts, and make the Eye equal to the
gth Divifion, as in the preceding Examples.

Divipe the Height of the Eye into 6 equal Parts, as at the Points 1, 3, 5, 6,
4, 2, which are the Centers on which you may defcribe the Out-line, as fol-
lowing.

(SR

#54
ov i | o] 1] s {17 it i e
Point + SRadms 4 : Semi-circle f- f ;'Sas reqiiced) »
6 S d dm 1

To deferibe the inanard Line of this Volute.

Divioe each 6th Past of the Eye into 4 equal Parts {as in Fig. A, which is
the Eye of the Volute enlarged, for the bester anderttanding of the Sitoation of
the Centers) and take the next inward ones for the fix other Centers, on which
you may defcribe the inward Line, as required.

Note, It is beft to begin the deferibing of this inward Line at the Bye, and
work outwards ; for if any Miftake fhould happen in Practice, it is much eafier
re@ified in the outward Parts than in theinward, where the Partsare nearer to.

ether.
£ Pros. VIII. Fig. N. Plare XIL.
To diferibe an Elliptical Volute of any Height and Breadth required.

Ler #m be the given Height, and fe the given Breadth.

First, By either of the preceding Methods, deferibe a Volate, as Fip. H,
whofe Height is equal to the given Height, and jts Breadth is always equal to
3 of its Height, therefore make ¢ fandaé equal to Fof e 2. Divider s and

fbeachinto 8 equal Parts, and the Lines ab and &fFeach into 7requal Parts;
and draw the horizontal and perpendicular Lines, which will form 56 geome-
trical Squares. Secondly, Complete the Parallelogram fzba, making its Height
and Breadth equal to the Height and Breadth given. Divide fhand ea each
into B equal Parts; alfo £e and &  into 7 equal Pasts, and then drawing the
feveral horizontal and perpendicular Lines, as in Frg. H, you will form 56 Pa-
rallelograms. Now as the Parts of the elliptical %folutc muft have the fame
Heights as thelike Parts in_the circalar Volute, therefore make the Ordinates

- ' de,
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die,hg,ikiel pv, 1y, ba, e in Fig. N. equal to the Ordinates 4, 4 o
ikoed pory iy, & in Fig. H. aud then every Part of the elliptical Volure
N will affeét the 56 Parallelograms in the very fame Manner as the circular Vo-
lute 1 doth the 56 geometrical Squares, and as what is here faid of the outward
Line is to be alfo underftocd of the inward ; therefore, when you have found
all the preceding Paints through which the Curves are to pafs, apply unto them
-a thin pliable Ruler, or with a free Hand trace their Curves.: as required,

Trrs Ornament is called a Folute, from the Latin, Folutad wolwends, as that
it feems to be rolled upon an Axis or Staff; and the Eycis by fome, from the
Latin, cdlled Oculus.

Pros. IX. Fig. I1. Pla: XXIX.
“Todiwide the Height of the lonick Emtabiztare 510 25 Avchitracwe, Freise, and
Cornice, and then inte their refpeliive Members.

Divipe ax equal to the given Height, into 10 equal Parts, give 5 to the
Height of the Architrave, 3 to the Height of the Freeze, and 4 to the Height
of the Cornice.

To diwide the drckitrave, .

Divipe the lower 1 of the Architrave juto 4 Parts; give the upper 1 to the
Bead, and the lower 3 to the fmall Fafcia.  Divide the upper 1 into & Parts,
give the upper 1 to tae Tenia, the next 2 to the Cyma Reverfa, and the Re-
mains to the great Fafeia; make D H, the Proje@ion of the Tenia, eqnal to
the Height ot the Tenia and Cyma Reverfa, which divide into 3-Parts, and
give the ficlt 1 to the Projeéiion of the grear Faicia,

Divine C D, the Height of the Freeze, into 4 equal Pirts, and on the Points
C and D, with the Radius of 3 Parts, make the Se@ion E, on which, with
the Radius E D, deferibe the twelling Freeze.

To diviide the Cornice,

Tue Height of the Cornice, confiting of foer Parts, divide b# equal to the
two lower Parts into 3 Parts, and the lower and upper Parts thereof each into
6 Parts, asbsmand i &; give the lower ¢ of 7 £ to the Heigit of the Caveiro,
and the upper 1 to the Margin of the Denticule below the Denttles: Give the
upper § Parts of % m tothe ieight of the Ovolo, and the lower 1 to jts Filler.
Divide g f, equal to 1 quarter Partof the Height of the Cornice, into 4 Parts,
give the lower 3 Parts to the Height of the Corona, and the upper 1 to the
Height of its Cyma Reverfa, Divide 4 », eqoal to the apper 4th Part of the
Cornice, into 4 Parts. give the upper 1 to the Height of the Regula, and then
d g equal to ths lower 1, being divided into 3 Parts, give the lower 1 to the
Filler between the 2 Cyma's,  And thus are the Heights of all the Memberg
determined.

T determing iheir Projociuyes.

Tyz Upright of the Colama BC D 10 being before drawn, make B A the

Projeclion of the Regula equal to B C the Height of the Cornice, and from any

“Partof C' D, as from = draw a Right Line, as @ av equal to B A, which divide

into 4 equal Parts; divide«d, equal to the 2d Part, into 6 Parts, and @ b, equal
tothe 1ft Part of #av, and the 1& Part of ¢ dinto 5 Parts; then half the 14
Part of 4 b terminates the Proje&lion of the Foot of the Cavetto, the 3d Partof
the Denticole;, and L of the next of its Fillet.  Half the 2d Part of ¢ & terminates
the Proje&tion of the Ovolo, and the 5d Part of o v the Projettion of the Co-

rona: Divides £, equal to the ath Par: of « «, into 4 Parts, the firlt 1 termi-

nates the Projection of the Fillet between the 2 Cyma'’s,

To divide the Dentules,
Divipe x5 into 10 Parts, andy xinto 3 Parts, give 2 Parts to the Breadth of
each Dentole, and 1 Pait to each Interval between them. = And thus are all the
Parts of the Order proportioned, as required,

Pror. X, Plate XXX and XXXI.
Ta determine 252 dntercolupmations of the loniclk Opde,
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It is to be obferved, Thataltho’ Dentules properly belong to the Jonick Order,
yet Palladio, and fome other Malters, exclude them, and introduce Modilions
in their Stead ; and thersfore, asthe:Intercolumnations of the Dorick Ordorare
determined by the Number of Triglyphs, fo here in this Order the Intercolums
nations are determined by the Number of Modilions, or Dentules, that are re-’
quired to be placed berween them.

Firlt, To determine Intercolumnations nvhen Medilions are employed.

Tur Dittance between the Central Lines of Modilions is either 300r 32 Min.
Palladis makes them gz Minutes, and the Breadth of each Modilion 1o Minutes,
When the Diftance and Number of Modilions is refolved on, the Intercolumna-
tions are eafily found by this Rure, wiz. As many Modilions as are required
between the Central Lines of asy Columns, add fo many times 3o or 32 Minutes
together, and their total Sum is the Intercolumnation, or Diftance at which the
Central Lines of the Columns are to be placed : Therefore taking 30 0r 52 Mi-
nutesin your Compafles, {et that Diftance from oue Central Line towards the
other, as many times as there are Modilions required ; and if every 30 or 32
Minutes be confidered as 1 Part, and as the Breadth of a Modilion is 10 Minutes,
therefore fetting § Minutes on both Sides-of every Part fo fet off, they will de-
termine the Breadth of every Modilion in their refpetive Places. When the Di-
{ftance of Modilions is fixed at 32 Minutes, to have 3 Modilions between thofe
over the Central Lines of each Column, the Diftance between the Central Lines
muft be 128 Minutes, equal to 4 times 32, or 2 Diameters 8 Minutes : If § Mo-
dilions, then 192 Minutes, equal to 6 times 32, or 3 Diameters 12 Minutes : If
7 Modilions, then 256 Minutes, equal to 8 times 32, or 4 Diameters and 16 Mi-
nutes : Jfy Modilions, then 320 Minates, equal to ro times 32, or 5 Diame-
ters and 2o Minutes, &e. 3

In Fig. [. IL, and V. P/ate XXX. are three Examples, wherein Frg. I, contain
13 Parts or Modilions, and Fig. Il. and V. 14 each, whofe Madilions are at 30
Minutes Diftance, as is feen by the Numberof Diameters contained in their re-
fpedtive Intercolumnations.

In Plate XXXI. Fig. 1. is exhibited the Intercolumnation far the Colonade,
whofe Columns are at 3 Diameters 44 Minutes Diftance, not 45 Minutes, as in-
ferted in the Plate by Miftake of the Engraver, and have 7 Modilions between
the Central Lines of every 2 Columns each, at 3z Minutes Diftance between |
their Central Lines. The Portico, Fig. 1I. and the Arcades, Fig. [II. and IV.
have their Intercolumnations proportioned, {o as to havethe Diftances of the
Central Lings of their Modilions each 3o Minutes.

Sccondly, T proportion Intercolummations whent Dentules are employed, Fig TIL

Plate XXIX. -

As x yis equal to 25 Minutes, and being divided into 10 Parts, as aforefaid,
z of which is the Breadth of a Dentule, and 1 of an Interval ; it is therefore
evident, that each Parvis equal to 2 Minutes and a half : And therefore to
make the Divifion of Dentules cafy, the Diftance between the Central Lines of
Columns muft always contain fome Number of Parts, each of ; Minutes, as
the Occafion may require; as 1 Diameter and %, wherein there are 18 f{uch
Parts ; or 4 Diameters, wherein there are 48 fuchParts; and ¢ Diameters, 6ofuch
Parts, as in the feveral Intercolamnations of the Portico, Fig, I1. Plaze XX XI,
Now, if each of thefe Parts be divided into 2 Parts, then each Partwill be equal
to 2 Minutesand a half, and then giving z of thofe Parts to the Breadth of each
Dentale, and 1 to each Interval, the whole will be completed, as required.

Note, the Raking Dentules, in all Kinds of Pediments, muft ftand exadily over
thofe in the level Cornice, in the very {ame Maoner as the Mutoles in the Dorich
Order, - The like is slfo to be abferved of Modilions ; and as Modilions are al-
ways capped with a Cyma Reverla, or fomeother Moulding, whofe Curvatures
or Moulds, on the apperand iower Sides; are both different from thole of the
Froat Raking Moulding ; T muft, before T proceed any furcher, thew how to de-
feribe thofe retarned Mouldings to the Caps of Raking Medilions.

Proz.
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Pron.I. Fig. I II. TII. Platz XV.
o defevibe the Returned Mouldings of the Caps of Raking Modilivns in Pediments.

1. Suprose the Ovolo C. Fig. IIL. to be the Raking Moulding in Front,
with which a Raking Medilion is to be capped; draw the Choid Line 2 ¢, and
divide it into any Number of equal Parts, {uppofe 8, as at the Points 2, 4,6, 8,
10, ¢, and from them draw the Ordinates 1, 25 3. 4; §.0; &  zdy, Sup-
pofe the Lines 2 £ and i ¢ to be the Bounds of the Front Raking Ovolo, and let
the Line y ¢ reprefent the upper Side of a Raking Modilion, and 4 £ its lower
Side. From the Point y draw the horizontal Line »# y, and from the Point o, the
Lineop, make op and # y, each equal to a &, the Projeétion of the Front Ovolo,
and through the Points » and p draw the perpendicular Lines 4/ and ep /, cut-
ting the upper Line b4, in A, and ¢, draw the two Chord Lines &7 and /e, and
divide each into the fame Number of equal Parts, as the Chord Line ac, and
* from thofe Parts draw Ordinates equal to the Ordinates in C. Through the
Points 1, 3, 5.7, . in Fig. A and B trace the Curves b 74, and £ 7 e, which
are the trae Curves of the Returned Mouldings on the upper and lower Side of
the Modilion, as required.

Nute, The fame Method of working will find the Curvatures of all"other kinds
of Returned Mouldings ; as for Example, when the FrontMoulding is a Cavetto,
25 C, Fig. }1. then A and B are the upper and lower Mould, or when a Cyma
Reverfa, as C, Fig. I. where A is the upper, and B the lower, as in the z other
Examples. ;

Proz. XII.
o proportion the Tonick Frontifpieces, Colonades, Porticd's, and drcades.

As by the Praftice of the two preceding Orders itis very reafonable to believe,
that my Readeris now capable of infpetting into this and the two fucceeding
Orders, that is, to readily underftand what is meat by the Meafures affized to
each Part with refpeét to the Intercolumnations, Number of Modilions, Breadth
of Pilafters, Height of Impofts, &c. I fhall therefore only explain the Impoits,
Fig. VI. Plate XXX. and then recommend him to the feveral Figures in Plase
XXX, and XXXI. for his further Praétice.

To proportion the Tonick Tmpoft by equal Parts.

D1vipe a 4, its given Height, into 3 egual Parts, the lower 1 is the Height
of the Neck, The lower half of the middle Part divided into 4, the upper I is
the Height of the Fillet, and the lower 5 of the Cavetto ; the upper half is the
Height of the Ovolo, as is the lower half of theupper 1 the Height of the Faf-
cia. Divide the upper half into 3 Parts; give the upper 1 to the Regula or
upper Fillet ; and the lower 2 to the Cyma Reverfa.

To determine their Projedizons.

LEeT a b reprefent the Breadth of the Pilafter, and 4 p the Upright thereof;
divide o p, equal to the Breadth of the Pilafler, into 3 Partsat# and @, makep.r
equal to p w, divide p#into 3 Parts at xand 5, and make r ¢ equal to s . Then
# x determines the Projeétion of the Cavetto, halfs » the Ovolo, p r the Falcia,
and p gthe Regula. The Afltragal is determined in its Height and Projeition,
as that of the Dorick.,

Twue Height of the Impoftin Fig. IL. Plate XXX. is Two thirds of the Height
of the Column and Sub-bafe, butin Fig. V. itis at 3 times the Height of the
whole Pedeftal, and the Key-ftones, in both Examples, are One-fifteenth Part
of the Semi-circle. The Length of Key-ftones are generally made equal 1o one
Diameter, and their Depth below the Architrave is always at Pleafure ; but
moft generally ebout L or L of their Breadth, at the lower Part of the Archi-
trave. In Plate XXXI. Figures ABCD, are two Varicties of Confoles or
Key-itones, in Front and Profile, which may be ufed in the lonick, Corinthian,
or Compofite Arches at Difcretion.

Nore, The Ionick Impoft by Axprza Pariapio is exhibited by Fig. D.
Piate XL11.

Proz.
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Prozr. XIIL .

Ta proportion the Dorick and Tonick Cornices, to the Heioht of any Rasm, &c.

Frrst, The Dorick Cornice. Divide the given Height into go equal Parts,
and give 3 of thofe Parts to the Height of the Cornice, which is confidered as
the Cornice to an entire Order. But being confidered as a Cornice to an Entabla-
tire on a Column, without a Pedeltal, then divide the Height into 4o equal
Parts, and give 3 to'the Height of the Cornice. Secondly, The Lwick Cornice
To find the Height of 'a Cornice to an entive Order. Divide the Height of tle
Rooms'into 75 Parts, and give the uppet 4 to the Height of the Cornice re-
Quired. To jind the Height of the Corvice of an Entablature on a Colunn onlye
Divide the Height of the Room into 60 Parts, and give the upper 4 to the
Height of the Cornice.

Examples for Pafice in the Tonick Order,

I. The Height of the lonick drchitrawe being given, ta find the Height of tha
Freeze and of the Cornice. Ruie, Make the Eleight of the Freeze equal to the
Flcight of the Architrave, divide the Height of the Architrave into 3 equal
Parrs, and malce the Height of the Cornice equzl to 4 of thofe Parts.

LY. The Height of the lonick Cornice being giwen, to find the Height of the Arcki-
frave andof the Freexe. Ruie, Divide the Heightof the Cornice into 4 equal
Farts, and make the Heights of the Architrave and of the Frecze, each equal
to 3 of thole Parts.

UL The Heighe of the lonick Cornice being given, to find the Diameter of the
Columa. Ruvre, As 36 is to 50, fo is the Height of the given Cornice, to the
Diameter required.

IV. Tke Diameter of the Tonick Column being given, to fFd the Height of the
lonick Gormice. Ruve, As 5o isto 36, fois the given Diameter, to the Height
of the Cornice required.

V. The Height of the lonick Architrave being ginen, to find the Dianeter of 1he
Column. Rur, As2yisto g0, fois the Height of the given Architrave, unto
the Diameter required.

VI. The Height of the Tonick Entablature beizg izen, ts find the Dicmeter of the
Colump. Ruvre, Asgisto s, fois the Heichrof the given Entablature, to the
Diameter reguired.

VIL The Height of the Yonick Entablatuie being giwen, to find the Height of the
Capital of 20 Minures in Height, according to ANDREA ParLanio. Rurg, as
2713 to:5, {0 is the given Height of an Enmb]atur?, to the Height of the Capi-
tal required, and which being doubled is the Height of the Capital of zo Mi-
nutes, as given in Fig, [1. Plare XXVIIIL.

VL. The Height of the lonick Entablature and Capital according fo PALLADIO
Eeing given, to find the Diameter. Ruig, As 37 isto 15, fo is the given Height
of the Capital and Entablatere, to the Diameter required,

0 SR R R )

or praportioning the particular Parts of the Corinthian Order, by Modules and M-
uutes, dccording fo ANDREx PaLLaDio, and by cqual Parts, canpofed fram the
Maflers of all Nations.

IGURE I. Plate XXXII. exhibits the Proportions and Meafures of all

the principal Parts of this Order, by Andrea Palladis, and Fig, 1II. the
particular Pasts of the Pedeflal.  Fig. I and IL Plate XXXITI, exhibits the par-
ticular Parts of the Bafe to the Column, with its Capital and Entablature, which
being in general determined by Modules and Minutes, nothing more with re-
$p2€t to the Formation of their Parts, need be {aid, and cherefor: I thall proceed

.20 the Divifion of this.Order, by equal Parts.
i Prom, I. Fig I, Plaes 1V.

Ty Proportion ths principal Pares of the Corinthian Order, snto ary given Height,
Y : . R Divibs
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Divipe d av, equal to 5 = the given Height, into 5 equal Parts; the lower
1 is the Height of the Pedeftal. Divide ¢ 5, equal to & r the remaining Fart;
into 6 equal Parts; the upper 1 is the Height of the Entablature, the lower §
Parts is the Height of the Column, and which being divided into 10 equal Parts,
take 1 for the Diameter of the Column, which divide into 60 Minutes, wix.
Firft, into 6 equal Parts, which will each contain 16 Minutes, and then the firlt
one of them into 1o Parts,

Prop, II. Fig. IV. Plare XXXIL

To divide the Height of the Corinthian Pedefial into its Bafe, Bie, and Cornice,

and them into their refpellive Meafures.

To propostion and divide the Bafe, draw m #, the bafe Line, and £ ¢, the
central Line. Divide f#, equal to ¢ # the given Height, into 4 equal Parts.
Divide 4 ¢, equal to the fecond Part, into 3 Parts; and ¢ %, equal to the
lower 1 Part, into 4 Parts, and make & a, #y, and x ar, each equal to 1 of
thofe Parts, Divide 4 2 into 3 Parts, then the upper 2 is the Height of the
Cavetto F, and the lower 1 of its Fillet. The two middle Parts of ¢ = is the
Height of the inverted Cyma Re&ta G.  Divide w y into § equal Parts ; give
the upper 1 to the Fillet of the Cyma, and the lower 4 to the Torus H. The
Remains ¢ £ is the Height of the Plinth. 7o proportion and diwide the Cornice.
Malke b g, equal toone 8th Part of £ XK, the whole Height of the Pedeftal for

- the Height of the Cornice, which divide into 6 equal Parts. Divider g, equal
to the lower 1 of /4 o, into 3 Parts: give the lower 2 to the Cavetto, and the
wpper 1 to its Fillet. Divide s p, equal to the third divided Part of &g, into
3 Parts ; pive the upper 1 to the Fillet, and the other 2, with the fecond Past
of b g, is the Height of the Cyma Reta. Divide £ », equal to the 2 upper
Parts of 4 g, into 5 equal Parts, and give the fecond Part below to the Height
of the Fillet on the Fafcia B. Divide the z upper Parts of £ into 3 equal
Parts, as at 7; givethe upper 2 to the Regula, and the Remains is the Height
of A, the Cyma Reverfa,  Tp determine the Projeftures of the Mouldings. Draw:
the Line & /, parallel to ¢ %, at the Diltance of 42 Minates of the Diameter

_before found. Make g b equal to g £, and through the Point A, draw the Lins
a 71y parallel to & 4, which will determine the Projeftions of the Plinth I, and,
Cornice at 4. From any Pointin 4 £, the Upright of the Dado or Die, draw
a horizontal Line, as r 5, which divide into 4 equal Parts ; then the firft 1 ter-
minates the Fillet on the Torus and Fafcia in the Cornice; the third Part the
two Cavetto’s in the Bafe and Cornice, and one third of the laft Part, the Feetof
the Cavetta's,

} Pros. TIL.  Fg. I, Plate XXXIL. .

To divide the Height of the Corinthian Colwmn into its Bafe, Skaft, and Capital.

The Diameter being found as before taught, let g » be the given Height.
Make g r, the Height of the Bafe, equal to halfthe Diametcr ; alfo g /, equal to
70 Minutes, for the Height of the Capital ; then / ¢ the Remains is the Height
of the Shaft, which is diminifhed one 6th Part at /. .

- Prom. IV. Ffe. TV. Plate XXXIII.

To dizide 1he Baje of the Corinthian Coluwmn ints st rifpeéiive Mambers. )
Praw & = for the bale Line, and 7 4 for the central Line, Divide 2 A,
equal to the given Height, into 3 cqual Parts, the lower 1 is the Height of
the Plinth.  Divide 6 g, cqual to the 2 upper Pares of a 4, into 4 Pares, the
upper 1 is the Height of the upper Torus. Divide ¢ £ equal to the 3 lower
Partsof & g, into 2 Parts, the Jower 1 35 the Height of the Jower Torus. Di-
vide d ¢, equal to the upper 1 of ¢ £, into & equal Parts, the upper and lower
Parts is the Height of the two Fillets, and the middle 4 Parts of the Scotia. !
Draw the Line » /. parallél to 74, at 50 Minutes Diftance, for the Upright of
the Column, make/ » equal to 12 Minutes, and / » equal to two third Parts of
¢ m; then the Line g » terminates the Projediion of the Fillet ¢, and the upper
Tarus p. - Laltly; the Projeftion of the Cinflare s, and Fillet g, are each equal

. ol to
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to the Projeftion of the Center of the upper Torus, which i found by fetting
half the Height of the upper Torus from p, towards the central Line. "This
Bafe is that which is called the Artic Bafe,

Pros. V. Plate XXXV,
To divide the Height of the Corinthian Capital, into its refpecticte Members.

Let A BI be the central Line, and A B the given Height. Thro’ the Points
A and B, draw the Line 2 Az, and 4 B , at rlght Angles to AB. Atany
Diftance below the Point B, draw the Line O P QR, parallel toé B y. On any
Side of the central Line A B, draw the Line = », parallel to A B, at fuchi a
Diftance, as to be clear of the Projection of the Abacus, Divide = yinto 7
equal Parts asat the Points 1 2 3 4 5 6, then each Part will be equal to 10
Minutes, becaule the whale Height of the Capital is 70 Minutes. Divide the
fecond, fourth, fifth, and fixth Parts each into 2 equal Parts, at the Points Z
dcand b, and from the Points ZY X d W ¢V 4T, draw right Lines paral-
lelto 6B y,as¢Z, p Y, o X, ad, m W, 1, & V, i & ka, and g T, which
determines the Heights of the Leaves, Stalks, Helices, and Volutes. Divide
the upper Part into z, as on the left hand Side, the lower 1 the Height of the
curved Fafcia of the Abacus; and the upper 1, divided into 6 cqual Parts, the
fower 1 is the Heighe of the Fillet, and the upper 5 of the Ovolo. Make p o,
the Height of the Altragal, equal to 5 Minutes, which divide into-3 Parts;
give the upper 2 to the Height of the Aftragal, and the lower 1 to the Height
of the Fillet; and thas are the Heights of all the Members determined. 7o
determine the Proje@ures, Make 25 Prand 25 Q, on the Line O R, each equal
to 24 Minutes, which is equal to 2 Parts and half of = y; alfo make O P and
Q R, each equal to two Parts of z y or 20 Mianates. Through the Points O P,
Q R, draw the Lines O ¢, P g, Q », and R x; then Q 4, and R z, will de-
termine the Projections of the twa Sides of the Abacus, and the Lines P g, and
Q », will be the two upright Lines of the Shaft of the Column. Divide O 10,
on the lefe hand Side, into 8 equal Parts; then O qu, the firft three Parts, de-
termines the Prejeflion of the Fillet in the Abacus at ; O x, the fiskt § Parts,
the Projection of the Faftia atz. and Ovolo atd. Oy, thefirk 6 Parts, the
Projedtion of the Fillet at s, and O g, ‘the firft 7 Parts, the Projeftion of the
Fafcia at w. Make the Projeétions on the right Hand, equal o thofe on the Lefr,
and then the Abacus will be compieted.

Make g, the Projection of the Aftragal, equal ta po; and s r, the Fillet,
umto z thirds thereof. Divide p ¢ intg 3 Parts, and make p @ equal to 4.of
thofe Parts. Draw @ x parallel to pz.  Draw ¢ @, which bife in v, whereon
raife the Perpendicular =z x, cutting v x in x, whereon, with the Radius x =,
defcribe the Arch « 5. Make 4 4 2z, on the left Side, equal to g ¢ @, on the
Right, and then the Aftragal will be completed,

On the Point B, with the Radius B ¢, defcribe the Semicircle/ N GHIK
L M s, which divide into & equal Parts, at the Points NGHIK L M, and
from them draw the Lines N A, GC, H D, I B, K E, L F, parallel to the
central Line A B, which centinue upwards at pleaflure, which are the central
Lines of the feveral Leaves. Draw the Lines @ 4, and = ¢, which determines
the Projeure of the two Out-leaves in the fecond Range. Divide the Diftance
12, 13, into 4 Parts, and from the third Part, at the Point 14, draw the Line
14 g4, which determines the Projetture of the Out-leaf in the lower Range, at
the Point 1. This being done, proceed to delineate by Hand the feveral
Leaves, Stalk, and Helice, on the right-hand Side, and when the fame is done,
transfer every particutar Part thereof unto the lefe Side, by taking their feve-
12l horizontal Diftances from the central Line, and (et them from the sentral
Line on the left-hand Side; or otherwife, draw parallel Ordinates through an
both Sides, and make thofe on the left Hand, equal to thofe on the Right.
By either of thefc Methods, yoa may make the twao Sides of the Capital exactly
the ame. :

R 2 Note,
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Note, Tt will be belt, firlt for to deferibe the Leaves in Grols, asis done od
the right-hand Side, wherein you muft be very perfed in their Out-lines, before
you proceed to divide them into their Palms ‘and Rafiles; and for the eafy di-
viding of Leayes into their Palms and Raffles, I have given 7 Examples of
Leaves for Pralice, in Plare XXXV, of which the large Leaf D is in a man-
ner geometrically defcribed, and whofe Height is to its Breadth, 2s 7 is to 6, as
may be feen by the equal Parts on its left Side, and at its Bottom, which Parts
being fubdivided asin the Figure is exprefled, the Peints of the Parts in every
Palor are exactly determined.  Aore, a Palm confifts of 5 Points, as» g ¢y D,
ormunt AF, or awxC G H. Note alfy, that when the Learper has formed
two or three Leaves in large thus divided, he may then proceeed to make
athers of lets Magnitade, by Hand, and amir all the aforelsid Divifions by Lines,
as R W X'V, which areall Leaves in Front, ferving as well for Pilafters asthe
Front Ieaves of Colomns. Fig. §is a Leaf in Profile, and T' in an obligue
View, fuch as thofe that are betweea- the middle or Front Leaf, and outer or
profile Leaf of a Column.  The Figores M and Q are two LExamples of Szalks
or Stems for Pradlics, of which Q 5 a Stalk only with its Leaves, and M is
complete with its Velute and Helice. Fig. P is the ancient Ornament with
which the Abacus is ufually charged, inflead of which I have placed a Lion's
NMaflk, as an Emblem of Majefty, Power, &,

Proe. VI. Fig. GCDE. Plate XXXIII.
Lo divide the Height of the Corinthian Enzablature ints its Architrawe, Freese,
and Cornice, aund them into Fhoir refpedtive Members.

Divipz 4 1, equal to the given Height, into 10 equal Parts; give the lower
3 to the Height of the Architrave, then next 3 to the Height of the Freeze,
and the upper 4 to the Height of the Cornice. Divide = 4, equal to the
Heighr of the Freeze, into 5 Parts, the lower 1 is the Height of the firft Falcia,
with its Bead, which is 1 fourth Part thereof, the fecond Part is the Height of
the fecond Faiftia. The third Part, equal to e f, divided into thice Parts, the
lower 1 is the Cyma Reverfa between the fecond and third Falcia's. The fourth
Part, equal to ¢ 4, divided into 4 Parts, the upper 1 15 the Bead over the third
Pafcia, and the 5 lower Parts, with the two remaining Parts of e £ is the Height
of the third Fafcia. The upper or 5th Part-equal to 6, divided into 3 Parts,
the upper 1 is the Regula of the Tenia, and the lower 2 of its Cyma Reverfa.
To determine the Projedtures of thefe Members in the dvehitrave. Make aw x
equal to aw y, which divide into ¢ Farts, give 1 Part to the Projelion of the fe-
cond Fafcia, and 2 to the third Falcia.” 7o divide the Cornice. Divide # £
equal to its Height, into § equal Parts, and 7 m, equal to the third Part, into
8 Parts. Makey ¢ equal to the two lower Parts of 4 2, and the lower 1 Part
of 7, which divide into 15 equal Parts ; give the lower 4 Parts to the Height
of the Cyma Reverfa, the next g Parts and half to the Height of the Denti-
cule, againft which the Dentules are placed, whofe Depth are g Parts only ;
the next half Part to the Fillet on the Dentules ; the next 1 Part to the Aftra-
gal, aitd the upper 4 Parts to the Ovolo. Divide /g, equal to the 3 remain-
ing Parts of 4 g, into 3 Parts; the lower 1 divided into 4, the lower 3 Parts
thereof is the Height of the Fafcia, againft which the Modilions are placed,
and the upper 1 of the Cyma Reverfa, with its Filler, with which the Modi-
lions are capped. Divide » s into 2, the lower 1 is the Margin below the Mo-
dilions. Dividesr into 3 Parts, the upper 1 Part is the Heighe of the Fillet,
and the lower 2 Parts of the Cyma Reverfa. Divide » ¢, equal to the middle
Part of /, into 4 Parts, give the upper 1 to the Height of the Cyma Reverfa
d dd, and the lower 3 to the Height of the Corona. Divide the upper Part of
/pinto 4 equal Parts, and the lower 1 Part thereof into 3 equal Parts; give
the lower 1 Part to the Fillet, and then the 4th Part of the upper 3d Part of
/p, being given to the Regula, the Remains will be the Height of the Cyma
ReQa  To determine the Projestion of thefs Members. Make b, the Projettion
of the Cornige, before the Upright of the Fregze and Column, equal to 4 g,
its
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its entire Height. From any Part of the Freeze, as A, draw- an horizontal
Line, as A B, which make equal to % g, the Projeétion of the Cornice, and
diaw the Linc 4 B, Divide A& B into 4 equal Pasts. Divide ¢ 4, equal to the
frit Part, into 6 Parts; then the firlt 2 Pasts and half determine the Projeétion
of the Denticule ; the firlt four Parts and half, the outer Denticule ; the sth Part
the Fillet over the Dentules and the sth Part and half the Aftragal. The fe-
cond Part of A B, divided into § Pats{which inthe Plateis omitted by Miftake)
the fielt 1 Part détermines the Proje&tion of the Ovolo, and one third of the
next Part, the Projection of the Outlide of the outer Modilion. The third Part
of A B determines the Projection of the Modilion in Profileati. Divide £ £,
equaal to the laft Parf of 4 B, into g equal Parts, and g 4, equal to the 2d and
3d Parts of ¢ £, into 3 equal Parts ; then half the 1ft one determines the Projec-
tion of the Corona atz, and the 2d Part the Fillet of the Cyma Reverfa: And
thus are the Heights and Proje@lions of the {everal Members of this Order de-
termined, The next Work, in arder to complete this Cornice, is to divide out
the Dentules and Modilions, and to defcribe the Modilion in Front and Profile.

Prop. ViI, Fip. G C. Plate XXXIIL.
To divide the Dentales in the Corinthian Cornice.

Divioe the Diflance between the central Line and the Upright of the Freeze
into iz equal Parts, give 2 Paits to the Breadth of a Dentale, and 1 Part to an
Interval.

: Pros. VIII. Fiz. G C. Plage XXXIII.:
To divide the Diflances of Corinthian Modiiions.

It is generally agreed on by the beft Malters to place the central Lines of
Modilions at 35 Minutes Dillance, and to make the Front of each equal to 10
Minuates, whereby their Intervals or Diltances between are each 25 Minutes, and
tiie Length or Proje@ion of a Modilion is 20 Minutcs, equal to dauble its Front
or Breadih. Now as aver the ceatral Line of every Coluimn there muft be a Mo-
dilion, therefore the Intercolumnztion of this Order muft be conformable to the
Number of Modilions that arc to be between every tiva Colamns ; and to divide
the Diftances of Modilions, is no more than to take 45 Minutes in your Comn-
paifes, and to {:t off thar Diiftance from the central Line of your Column, as
aften as the Number of Modilions are required.

Pron: IX. Rig 1L 1V, and V. Plate XIV.
To deferibe the Front, Profile and Plag, or Plancers of the Corinthian Modilior.
1. T deferibe @ Corinthian Modilion in Front.

Ler the geometrical Square a b b4, £p. LIL be the Out.lines of a Corinthian
Modilion, with its Cyma Reverfz and Fillet, whofe Breadth & 7, and Depth y £
are given. Bife& 4iind, and draw the Perpendiculared, Divide ) into 8 equal
Parts, and make the Fillets 57 and 7 7 each  Part.  Bife&t y7 in/, and draw
&l parallel ta /4. Draw the Lines gz 2nd @ o parallel toe 4, each at the Dii-
tance of half the Breadth of the Fillet b 7, and divide the Diftance between them
into 8 equal Parts, as at 4, and make the fmall Fillets next wichin the Lings g
and w0, each 1 of the 8 Parts. Draw the Lines moand g« parallelto £/, and
each at the Diftance of 2 =. - Take the Diftance to either of the Fillets, and on
the Points » and = delcribe the two Semi-cireles of the Bead. Draw the Liness g,
wav, allo zz and o p.  Bifett ¢ gin £ divide f¢into 8 Parts; on fand ¢, with a
Radius equal to 5 Parts, make the Seétion », on which deferibe the Arch /¢
In the {ame mannzr defcribe the Arch £/, alfo the Compound Archesw v, #m
aud o p; which completes the Maodilion in Front, as required.

1. To deferibe @ Corinthian Modifion in Prafile, Fig. V.

Divins the Lengtha Finto 3 equal Parts, and the vit one Part into 7 Parts;
make 2 / the Height, equal to 8 of shofe Patts, and complete the Parailelogram
{bm f. Trom p, at 4 Parts and I Dillance from m, draw the Line p ¢ parallel
tom f£. Aty Parts from » draw the Line 4 i parailel to /'m, whofe Interfeftion
is the Centreof she Eye of the greater Scroll, and whofe Diameter is equal to the

5th
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sth Divifion of /. Fig. Dis the Eye of this Volute or Seroll at large, wherein
the geometrical Square being infcribed, and cach Semi-diameter divided into z
equal Pasts, as arthe Points 7, 6, 8, §, then the Points 1, 4, e
as they fland in the Figure, are the Centers on which deferibe the Seroll, begin-
ning at the Point . Divide ¢, equal to 4 Parts of / #, into 8 equal Parts, and
draw the Line # ¢ for the Depth of the fmall Scroll. Make 4 & equal to 7 Parts
of b, and at 4 Parts from & draw the Line 4 4 B parallel to bf. Aty Parts
and § from & draw the Line /'~ parallel to 2 4, which will interfe@ the Line o 4
in the Center of the Eye of the fmall Scroll, whofe Diameter is equal to the 4th
Divifionin b c.

Inscrine a Square within the Eye, and divide its Semi-diameters as before,
as.in Frg. D, and then the Points 3, 2, 1, 4, 7,6, 14, as they fland in Fig. D,
are the Centers whereon defcribe the fmall Scroll, beginning at the Points. Draw
the Line o p, which bife& in L ; alfo bife&t 7 L. in gand L gine. Ered the
Perpendiculars ¢ A and ¢ B, cutting the Lines #7in A and o din B. On the Points
A and B, with the Radius A 7, defcribe the Arches7 L and L, 2, alfo the inward
Arches which limit the Breadth of the Lift. $

ML %o deferits the Plan or Plancere of the Corinthian Medilion, Fig, IV,

Mage B C and ¢ feach equal to hiin Fig. 111. alfo make B ¢ and C feach
equal to /4 in Fig. V. and complete the Parallelogram B . Cf Drawod and
/ Eparallel toC £ each at the Diflance of 47 in Fip. 11I. Draw the Lines « x &
and g b at the fame parailel Diftances from B ¢ and C /f> asare refpeltively
equal to the Projeclion of the Cyma Reverfa in Fig. 1. before & 7 the Upright
ot the Modilion, which continue about at the End, and return from B and C.
The Beads, withits Fillets » 2, and the Cyma's 4 ¢ » and # %, &5¢. are defcribed
exatly the fame as v m = 0 p in Fig. I11. :

Note, The Manncrof dividing the Plancere of the fonick, Corinthian and Com-
#ofite Cornices, and to make their Returns at external and internal Angles, is
exhibited by Fig. VIL Plate XLIV., wherein B B reprefent the Plan of the two
Maodilions next te an internal Angle, and E E of two Modilions next an external
Angle, as alfo use HH. The geometrical Squares A C A A F G are hollow
Pannels, called Coffers, which are to be enriched with Rofes, as thofe of Fig.
ABC DE, Plate XXXVIII.

Pros. X.
Te progoriion #he Corinthian Cornice fo the Hsr:gét of any Room required.

Tirs admits of two Varieties, win, Firft, To confider the Cornice as the Cor.
nice to an entire Order ; and, Jafify, as the Cornice of an Entablature on 3 Co.-
lumn only.

Ta find the Height of a Corsiice #0 an entive Ordor.

Diyivs the Height of the Room into 75 Parts, and give the upper 4 to the
Height of the Cornice,

Yo find the Height of the Cornice of an Entablature on a Column ondy.

Drvior the Height of the Room info 6o Parts, and give the upper 4 to ths
Height of the Cornice.

Proz. XI.
Ta. proporiion Froutifpiesce, Colonades, Portico’s, Areades, &c. of the Corinthian
Ordey.

As the Tutercolomnations of this Order are regulated by the Number of Mo-
dilions, whofe Diflances between their central Lines are 55 Minutes, as before
obferved, therefore to make Frontifpieces, Colonades, ¢, the Diftances of the
central Lines muft confift of as many Times 35 Minutes as the Nature of the
Cafes requires,” Fig. 1. 1L and I11. Plate XXXV are Examples hereaf, where
the Columns in Fyg. [, have 13 Modilions between, Fig. II. 12 Moditions, Fir.
{1l. 14 Modilions, In Plat: XXXVIL Fig. I. confifts of 13 Modilions, and
Fig. A of 12, between the two middle Columns, as before in Fig. I and IT,
Plate XXXVI. Butas herein Fig. A, there are Columns in Pairs on each Side,
their Diftances have but 3 Modilions between their cengral Lines, accounting the

o
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two half Modilions on the Sides of the two central Lines as one Modilion. In
Plate XXXVIIL the Colonade, Fig. I. contains 6 Modilions between every two
Colamns, the fingle Arcades 11 Modilions, the Arcades of Columns in Pairs 3,
and 11 Modilions, and the Portico, Fig. II. contains three Modilions between
the central Lines 2 and &, 6 Modilions between & and ¢, and 8 Modilions between
¢ and 4.

Now from the preceding ’tis evident, that the Intercolumnations of this Order
muft be as follow, a¥z. 1fit have two Modilions between thofe over the two
Columns, the Intercolumnation muft be 1 Diameter 45 Minutes; if 3 Modilions,
then the Intercolumnation muft be 2z Diameters 30 Minutes; if 4 Modilions,
then z Diameters 55 Minutes; if 5 Modilions, then 3 Diameters 40 Minutes; if
6 Modilions, then 4 Diameters 5§ Minotes ; if 7 Modilions, then 4 Diameters 40
Minutes ; if 8 Modilions, then's Diameters 1§ Minutes ; if g Medilions, then 5
Diameters and 50 Minutes ; if 10 Modilions, then 6 Diameters 25 Minutes; if 11
Modilions, then 7 Diameters; and if 12 Modilions, then 7 Diameters 35 Minutes.
And fo, by the continual adding of 35 Minutes, the Intercelumnation for any
greater Number of Modilions may be found, Note, the Intercolumnations for
Columns, which have 3, 5, 7,9, 11 and 13 Modilions between them, as publifhed
in Palladio Londinenfis, by Mr. Salmon of Colchefler, and revifed by Mr. Edward
Hoppus, Surveyor of the London Infurance-Office, are in general falfe, and {eem,
as that neither of them knew what they were doing; for by the preceding ‘tis
plain, that the Intercolumnation for Columns that have 3 Modilions between
them, is z Diameters 40 Minutes, not 2 Diameters 30 Minates ; and for Columus
that have § Modilions between them, is 3 Diameters 30 Minutes, not 3 Diame-
ters 45 Minutes, as they have falfly publithed in p. 87, &e.

Tt Height of Impofts in this Order are two Thirds of the Height from the
Bafe Line unto the under Part of the Architrave, as in the preceding Qrders, and
the Breadth of the Key-ftone is one 15th Part of the Semi-circular Architrave ;
and as Key-ftones to this Order admit of Embellithments, I have thercfore in

“ Figuresabedefg ki &, given proper Examples thereof.

“I'ne Impoft to this Order by Andrea Palladic is exhibited by Fig. F. Plare XLIL.

and that by equal Pasts, by Fig. V. Plase XL11L, which is thus proportioned.
: Ta proportion the Corinthian Impst by equal Parts.

Divipe a b the given Height into 3 Parts ; the lower one is the Height of the
Neck or Freeze of the Impofl. Divide the middle Part into 3 Parts, and the lower
1 into 3, give the lower 2 to the Cavetto, and the upper I to the Fillet. Divide
the upper 1 into 3 Parts, and-give the upper 1 to the Fillet on the Cyma Retta,
and the Remains to the Height of the Cyma Refla. Divide a 4, the apper third
Part of 2 &, into z Parts, and the upper  into 3 Parts, give the lower 2 to the
Heightof the Cyma Reverfs, and the upper ¢ to the Height of the Regula or
upper Fillet, '

To determine the Projection of thefe Members.

Duaw 4 ¢ parallel to 2 4, at a Diftance equa! to the Breadth of the Pilafter,
Divide d ¢, equal to the Breadth of the Pilafter, into 3 equal Parts; make ¢ ¢
equal to one of thofe Parts, and g f equal to 1 Third of £ g+ Dividee g into 2
Parts, and the firft and third Parts thereof each into 3 Parts, then the fir Part
from ¢, determines the Projection of = the Bottom of the Cavetto, the next 1 the

. Fillet of the Aftragal ¢, and the next 1 the Aftragal at &, and Fillet on the Ca-
vetto at y.

Taue 2d Part of the third Part of ¢ g determines the Projellion of the Cyma
Refla at &3 and e g the Projeflion of the Fafeia atav ; Lafly, & ¢ being made
equal to ¢ /, completes the whole, as required.

Tue Height of the Aftragal o 4, divided into 3 Parts, is equal to halfm & the
Height of the Neck. :

Tas Architrave a b of the Arch is thue divided, wiz. 4 ¢ being already divided
into 3 Parts, divide the buter 1 Part into 3 Parts; give the 1lt Part to o #, the
Breadth of the Regula; the next 1 to the Ovole with its Fillet, which is egual
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to % thereof, and the laft Part to the Cavetto and Bead, which is I thereof. ‘The
middle Partof 4 ¢ is the Breadth of » » the great Fafcia ; and the outer Part di-
vided into 6 Parts the firlt 1 Partis the Breadth of the Cyma Reverfa; and the
other g of the fmall Fafcia. ‘

Examples for Pradice in the Cotinthian Order.

I. The Height of the Corinchian Architrave being given, to find the Height of the
Freexe and of the Cornice,  Ruwrs, Make the Height of the Freeze equalto the
Height of the Architrave. Divide the Height of the Atchitrave into 3 equal
Parts, and make the Height of the Cornice equal to 4 of thofe Parts.

IL. The Height of the Corinthian Cornice being given, to find the Height of the
Freeze and of vhe drehitrave. Ruvs, Divide the Height of the Cornice into 4
equal Parts, and make the Heighe of the Freeze and of the Architrave, each
equal to 3 of thofe Parts,

II1. The Height of the Corinthian Coruice being given, to find the Diameter of the
Column. Ruire, Divide the Height of the given Cornice into 4 equal Parts, and
make the Diameterequal to § of thofe Pares,

IV. The Diameterof the Covinthian Coliriin being given, to find the Height of the
Corinthian Cornice: Ruig, Divide the Diameter into ¢ equal Parts, and make
the Height of the Cornice equal to 4 of thole Parts.

v V. The Height of the Corinthian drebitrave being pivviny to find the Diameter of
tbe Column. Rurz, Divide the Height of the Architrave into 3 equal Parts, and
make the Diameter of the Column equal to. 5 of thole Parts. -

V1. The Height of the Corinthian Zazablaturs being given, fo find the Digmeter
of the Column. Rutg, Ounehalf Parc of the Height of the given Entablature is
equal to the Diameter required.

VIL. The Height of the Corinthian Eurablature being viven, to fird the Height of
the Capital, Ruse; Divide the Height of the Hntablature into 12z equal Parts,
and make the Heightof the Capital (¢xclufive of the Aftragal, which is a Part of
the Shaft) equal to 7 of thofe Parts,

V111, The Height of the Corinthian Capital and Entablature being given, to find
the Dianieter of the Column. Ruvre, Divide the whole Height of the Capital and
Entablature into 1g equal Parts; and make the Diameter of the Column équal to
6 of thofe Parts.

LECH U R T

Of the Manner of proportioning the Compofite Order &y Modules and Minutes areord-
g 4o AxnDREA PavLapio, and by equal Parts compajed from the Dlafiers of all
Nations.

HE principal Parts of this Order, according to Andrea Pajladis, are exhi-
l bited by Fig.1. and the particular Parts of the Pedellal by Fip. 111 Plate

XXXIX. the particular Parts of the Bafe to the Column and of the Entablature

are exhibited by Fig. I and I, Plats XLI. which being in general proportioned

by Modules and Minutes as the preceding Orders, nothing moré need be faid

thereof ; and therefore I (hall proceed to the Manner of proportioning’ the Parts .

of this Order by equal Parts.

' Puor. I. « Fig. TI. Plafe XXXIX.

To proportion the principal Parts of the Compafite Order l_’y ey:m[ Parts.
Divioe ¢ r, equal to the given Height, into § equal Parts; the lower 1 Part i
the Heightof the Pedeftal. Divide 5 p, equal to the remaining Part, into 15 equal

Parts, and the 1 1thPart into 6 equal Parts, the 2 upper Parts and £ of thenext lower

Part is the Ileight of the Entablature, and the Remainder @ p is the Heéight of

the Colemn, and which heing divided into 11 equal Pasts, 1 of thofe Parts will

be equal to the Diameter of the Colamn, and its Height to 11 Diameters.

: Peos. I Fig. IV. Plate XXXIX,

To divide the Height of the Compofite Pedefiel ivto its principal Parts, and them into

their refpediinve Memburs.

- Draw w 4, for the Bafe Line, dnd /4, for the central Line, divide £ ¢,

equal
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equal to the given Height into 4 equal Parts, and the 2d Part into 3 equal Parts :
divide = a, equal to § of the 2d Part, into 12 equal Parts, and make z 4 equal
to 5 of thofe Parts, and draw « &, for the Height of the Plinth ; at 3 Parts above
a draw the upper Line of the Torus, and malke the Height of its Fillet equal to
1 Part; give the upper 2z Parts to the Height of the Cavetto, and the next 1 to
the Heightof the Filiet, then the Remains will be the Heightof the inverfed Cyma
Redta. Half the upper Part of £ ¢ is the Height of the Cornice; divide 4/ into
3 equal Parts, and the lower 1 Part into 6 Parts, give the lower 2 to the Height
of the Cavetto, and the next 1 to the Heighr of its Fillet.  Divide the middle 1
of 4/ into 6 Parts, give the 3d Part of the Height of the Fillet on the Cyma Re-
ver(2, and the Remains of that, and the lower Part, will be the Height of the
Cyma Reverfa. Divide the upper 1 Part of 5/ into 4 equal Parts, give the up-
per 1 Part of the Regula, and the next z tothe Cyma Reverfa.

Lo determine the Projeétions of thefe Members,

The Diameter found as before, being divided into Co Minutes, draw &,
parallel to f'd, at 42 Minutes Diftance.  Make x 2, and 4 4, each cqual to 7 2,
and draw aav, which will determine the Proje€tion of the Plinth at  «v, and
the Cornice at a. From any Part of 4 x, the Upright of the Dada, draw a Right
Linc, as 1,2, which divide into 4 equal Parts ; the firlt 1 determines the Proje&tion
of the Fafeiac# I of the next 1 the Projettion of the Cyma ReQa ati; the
third 1, the Fillet onthe Cavetto, and on the Cymain the Bale at p, and % of
the laft 1, the Foot of the Cavetto in the Cornice, and in the Bafe; lattly, the
Projeclion of the Fillet ¢, in the Bafe, is equal to the Projetion of the Center of
the Torus.

Pros. TiI. Fip. IT, Plat: XXXIX.
To divide the Compofite Column inte its Bafe, Skhaft, and Capital,

'Frie Height 45, being divided inta 11 Parts, one of which being the Diame-
ter as aforefaid, make b g, the Height of the Bale, equal to halfthe Diamerer ;
and d¢, the Height of the Capital, equal to the Diameter, and One-fixth Page
thereof.

Pron. 1V. Fie. IV. Plase XLIL
To divide the Bafe of the Compolite Column into its vofp-ive Menbors.

Draw k£ for the Bafe Line, and ¢ 7 forthe Central Line. Divide 2 7 into
3 equal Parts, the lower 1 Part isthe Height of the Plinth, Divide the middle
1 im0 5 equal Parts, the lower 3 Parts is the Height of the lower Torus,
the next 1 of the Aftragal, and half the next v of its Fillet. Divide the upper
1of zfinto 5 cqual Parts, the upper 2 is the Height of tlie upper ‘Porus ;
hallthe next 1 is the Height of the Fillet under the Torus, and the Remains
15 “the Hcight of the Scotin, Ta dotcrmine the P."g'f'f.-?.-.'rfs af thefe fivulaings,
Draw 7.4, paralle] to af, at the Diftance of 30 Minutes, and malke 24 equal
to 12 Minutes. Divide £4 into g equal Parts, the firit t Part and haif deies -
mones the Projection of the Allragal, on the lower Torus, the fecond DPaye irs
Fillet, the third Parc the Fillet vnder the upper Torus, and its Center ol 3 and
the third Parvand half, the Center of the Allragal on the upper Torus, andiis
Fillet alfo. The Height of the Aftragal on the upper Toris is equal
half the Height of the upper Torus, and the Filiet on the Attragal to haif tie
Lleight of the Altragal.

Proa. V. Plate X1,
To proportion the Partsaf the Compafite Capital by equal Paris.

Firsr, Set up the Height of the Capital, proportion its Allragal, Leaves,
and Abacus, cxaétly the fame as in the Corinthian Capital; and the 20 Minutes
contained beiween 4, the lower Part of the Abacus, and ¢, the Top of the upper
Range of Leaves, divide as follows, «/z Divide g into 8 equal Paits, give
the G:ih and 7th Parts to the Height of the Fillet E. Divide the § Minutes
between 5o and g5 into 2 cqual Parts at £; then g/ is the Heighr of the Af-
tragal D, which is alfo the Height of the Eye of the Volutes Nand N, Dj.
vide the upper 5 Minutes contained between §5 and Go into 4 equal Parts ;

5 give
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give the upper 1 to the Height'of the Fillet under the Abacus, and the remain-
mg Part ¢ f“to the Heightof the Oyolo T. Now as the V olu:ﬂs N N are ellip-

tical, and have the (_cmers of their Eyes in that Point of the Lines X, the up-
right Line of the Shaft that is cut by the central Line of the Aftragal D, and as
they ate comprized withip a Parallelogram, formed by the urnnht Lincs pro-
ceeding from a, the Projetion of th; lower Part of the Abacos and =2 P, as
alfo by 4 ¢ @, the under Line of the Abacus, and i » the Top of the fecond
]\anme of Leaves ; therefore by Pros. VI, or VII. LECT. VII. hereof, de-
feribe a cirenlar V olute, whofe Height is equal to the Breadth of your Paral-
lelogram ; and then from that Velute fo made, by Pros. VIII. LECT. VIIL.
'mfon,faxd defcribe an elliptical Volute in the aferefaid Parallelogram, which
will be lhc Volute to this Capital, and which being in like manner pcrfonm.d on
both b;de the Capital will b:: completed, as rtqmrtd

an: VL Fig 11 Plate XLI. acd Fig. 1. Plate XLIL
To diwide the Height of the Compolite Entablature into its Architrave, Freexs,
and Cornjce,

As 1 have given two Examples of Entablatures in this Order, theone for the
InGides of Buildings, to befeen at a imall Diffance, and the other for the Out-
fides of Bmld:ngs, to be feen ara confiderable D]l‘tance, I (hall therefore fpeak
parti a:\.larlv thereof.

I. OF the Compofite Eutablatare, to be ufed avithin Buildings. Fig. 11L

Plrate XLI. »

Divroe 7 A, egual to the given Height, into 8 equal Parts ; give 2 tothe
Height of the %mn.rr.m., 3 1o ) the H cl&hl of the Freez 2e, and the {ame to the
Height of the Cornice.

T drvide the Height of the Archity d"'!.

Divine ¢ ¢, its Height, into 50 equal Parts; give 8 to the Height of Z the
lower Fatcia, 1 and half to i B{:m., 1o to Y the mlrd le Falcia, 4 to the double
lwd X5 15 tothe upler F aima cf whch § mull be given to the Drops V, 3 to
the Cavetio T, 1to its Filler, ‘2 tothe Altragal §, 4 to the Tenia R, and 1 ta
i Filie

Todimide the Heinhtaof the Feorsr,

Divier » 2. egual to its Height, into 12 equal Parts, and give ¢he upper 1

te: P, oies Capital.

Todivide 4 """ N:"‘/‘r &‘f the Cornice.
v DIVIDR W cv‘w] to-its el -nI. 160 70 cqu.u Farts ; rm'c 1 to the lower
Fillet, 2 ™ lh.: B ;,&.;1 0, c.nd half to the Caverto N, 1 to'its Filla 6
1or the Denticuls, of wilach the wrhr 5 'is the Height of the Dentules ; then
give 1 1o theie Fillde) 2 ta the Allrag 4 and half to the Ovelo K, and 6
to the Platform of the M a¢iliors, of whiich the upper § isthe Height of
the Madihons., trive 2 1o the Cyma Reverla H, 3 to the f‘:uy':a modilions
G, and 1 tonhe pailet. (Gwve 2 to the Altragal' F, 4o the Super-aflyagal B,
and 1 todus Hilleny A 19 the Cerona I3, 3 trJr ¢ Cyma Reyerfa C, and 1
tnats Filler, Give z wothe Alragal B, 8§ o the Cyma Retta A, and 3 10 its
R'~.‘:‘.U13- 2

T

To detenmine the Projeions r;fll' fo Mowlding:.
., and C D, eacheqeal to the Semi-diameter of the Column at it
Af 8 ;: draw the Lic -f.f for the Upright of the Freeze, which mnr:nu;:
vpith H)T.g.] the Cornite, ake the- 31'uu>il Projeltion before the T L"Hrlr':_. af
1he Freeze, ¢ual to' 4 zmitlic I aiglit of the Cormnice.

From any Pagy of the € Jpright of the Freeze, as at E, draw a horizonta
i.ine, as & P, which divide iute 4 equal Parts.  Divide lh6 firlt 1 Part'into
Faorts s then the it t Part thercof determines the Projeélion: of the Caver :o
‘u.a] Altvagal at =y, and 2 thirds theveof, the Capiral of the l‘“;?e whafe
Yillck projects equal o ats “.mm Tlie fecond. Eart of the firll Part B F, de-
1ermines the lxo_;u:*cm of wiie Billet =3 and 1t fourth’ of the next ti er Part,
the Denticule 2. B, 1 fomith Part of EF, determines the Prc,]eu.uor. of tig
lli LQ‘

Tvi
h
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Fillet 5, and Center of the Aftragal » ; as allo the Bottom of the Ovolo K.
B3ivide b &, the fecond Part of E I, into 8 Parts, 'ar b e, its half, into 4 Parts ;
then the fecond Part determines the Projeftion of the Quatiide of the Modiliou
at#z. Bife@ df the third Part of of, ine. Divide 42 into 4 Parts, then the
firft Part determines the Projeétion of the Modilicti in Profle at 2 ; the fecond
Pare, the Super-modilion at /, and e the Super-afiragal ats, Divide £F,
the fourth Partof E X, into 7 equal Parts; then f2, equal to 3 of thofle Parts,
determines the Projedtion of the Corona, and /4, equal to # of £'F, the Filict
of the Cyma Reverfa C. Make y =, the Tenia of the Architrave, equal tod of
fof E4. Makeygr, and ¢ & inthe Ireeze, cqual 1o half the Liiameter at the
Bafe of the Column. Divide # & into & Parts, and give 2 Parts to the Breadth
of each Drop, as in the Dyrick Order.
To divide the Dentnles T Bhe Coraice.

Divine 2b into 24 equal Parts; give 2 Parts tothe Breadth of cach Dentule,
and 1 to each Interval. “I'he Breadth of an upper Modilion is equal to 10
Minutes, and of an wnder Modilion nnto § Minutes. The Diftance in the Clear
hetween the upperModilions is 30, and between their Central Lines 4o Minutes;
fo that to adjull the Diftances of Columns in this Qrder, we muft place them aé
1, 4, 5, &¢. times 40 Minutes; and then the Modilions will happen at their true
Diitances. ‘This Futablature, without Ottentation, is the richelt and mall mdg-
nificent that has yet appeared in the World.

I, Of the Compofite Entablatire, ta be ufid cgainft the Outfides of Buildings.

Fig. I Plate XLIL

Divine #+, equal to the given Height, into z0 equal Paits ; give the lower §
to the Height of the Architrave ; the next 3 to the Heighe of tne Fréeze, and
the upper 4 to the Height of the Cornice. _

T divide the Height ef the Arclitrae.

Divioz ¢, equal to the given Height, into § equal Parts; divide the lower
3 Part into 4 Parts; give the lower g to C, the lower Fafcia, and the upper 1 td
B, the Bead. ‘The zd Part of ¢ w is the Height of A, the middle Fafcia, Di-
vide the 3d Partof ¢+ into 3 equal Paits, and give thelower 1 to =, the Cyma
Reverfa. Divide y &, the gth Part of '@, into 4 equal Parts; give the upper
1 to the Height of the Bead », aud the Remains, with the Remains of the 3&
Part, will be the Height of y the upper Fafcia, Divide the upper Part of ¢ o
into 3 equal Parts ; give the lower 2 to the Height of the Cyma Reverfa, and
the upper t to the Height of g the Regula, i

To divide the Height &f #he Froeze.

Divine the upper third Past into 5 equal Pasts, and the vpper 1 of thele
Parts into 3 Parts ; eive the upper 2 Parts to the Height of the Aftragal », and
the lawer 1 to the Heightof its Filleto. T his Freeze may be made cither up-
right or fwelling, at the Pleafure of the Architedt,

To diwide the Height of the Corai 1

Tut Heiaht cobfilling of 4 principal Paits, divide /», the firlt Part, infs
8 equal Parts; give the lower 4 Parts to the Cyma Reverfa o, and the upper
4 Parts to the Platform of the under Modilion. of which the upper 3 Parts
mufl be given to the Height of the Medilon, Yvide f7, the fecond Part of
the Heiant, into 4 Parts ; give 2 thirds of thelower 1 to the Height of the
Cyma Reverfa 7, and the upper 1 being divided into 3 Tarts, give the upper 2
to the Owelo, and the lawer 1 to the Filet, Divide ¢f; the third Part of
thc Height, into 4 equal Parts, and the upper 1 thereal into 2 Parts 3 give
the under 1 fo the Hetghtof the Fillet 4, and the three remaining Firfs will be
the Height of the Caronze.  Divide the upper fourth Part of the Hejoht of
the Caruice intd 4 equal Parts, and the Jower 1 thereof into 7 cqual Paits;
add ‘the lower 1 to the Remains of the third pripeipal Part, which tooethes
make the Height of the Altragal C.  The npper gth Pare is the Heipht of the
Regnla 4,

B VE
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To determine the Projeéitont of thefe Mosldings. ]

Draw F O parallel to the Central Line Q R, make F G equal to F M, from
any Part of the Upright of the Freeze, as at K ; draw the herizontal Line K L
equal to I G, which divide into 4 equal Parts, and each Partinto 6 equal Parts,
then the 1ft Partof K 1 determines the Projection of the Fillet and Center of the
Adtragal, the 4th Part the under Modilion, the sth Part the upper Medilion,
and K 1 theOvolo or Capping of the upper Modilion ; the 2d Part of KL being
divided into 6 Parts, 4 Parts and £ determines theProjetion of the lower Modi-
lion in Profile, 5 Parts and X the Super-medilion in Profile, and 5 Parts £ its Fil-
let ; the firft half Part, between 2z and 3, determines the Projeflion of the Ovolo
under the Corona, whofe Projelion is determined by the 3d Partof K L, and
its Filler by the next half Part. '

Tre Projection of the Tenia'O P isequal to 4Parts of K 1, and which being
divided into § equal Parts, give §of the firft 1. to the Projection of the middle
Fafcia, and the firlt 2 to the upper Fafcia. The Breadth of a Super-modilion is
10 Minutes, and the Interval betweenevery 2 is 25 Minutes, and which being
in every Relpelt equal to the Modilions of the Corinthian Order ; therefore when
this Entablature is ufed, the Intercclumnations muft be the {ame as thofe of the
Caorinthian Order, of which Fig. 1. II. and IV, Plare XLI1I. are Examples, and
as the firft and laft of thefe Examples are arched Doors, I muit therefore proceed
to explain the Impoft and circular Architrave, Fig. V. which isufed therein.

‘To divide the Compofite Impafi and drchitrave. §

Diviox 2 b, the Height, into 3 Parts, the lower 1is the Height of the Neck
or Freeze of the Impoft.  Divide the middle 1 into 3 equal Parts, and the lower
I into 3, give the lower 2 to the Cavetto, and the upper 1 to its Fillet ; divide
the upper 1 into 3, and giving the upper 1 tothe Fillet, the two lower Parts, to-
gether with the middle Part, is the Height of the Cyma Re&ta, Bifecta 4 in
i ; divide a 7 into 3 Parts, give the lower two Parts to the Cyma Reverfa, and
the upper one to the Regula. The Altragal and its Fillet is eqeal to half m b,
the Neck of the Impoft.

The Projeétions of thefe Membersare thus found.

Draw & e for the Upright of the Pilafter; divideds, the Breadth of the Pi-
Iafler, into 3 equal Parts, make eg equal to one Part, and ¢ Fequal to fof ¢ ¢ ;
make § ¢ equal to ¢ £ ; divide eg into 3 Parts, and the firt 1 Part into 3 equal
Parts ; then the firlt 1 Part determines the Bottom of the Cavetto atz, the 2d
Part the Fillet of the Aftragal at¢, and the 3d the Adtragal and Fillet y; divide
the lalt 3d Parrof e g into 3 Parte, the firft 2 Parts determine the Projection of
the Filietat », and ¢ g of the Fafcia at av.

To divide the Architrame.

Divipe de, equal to a b, the Breadth of the Architrave, into 3 equal Parts ;
divide the firlt 1 into 3 equal Parts, the outer one is the Breadth of the Regala,
the middle 1 of the Ovolo, with its Fillet, which isa gth Partthereof, and the
third 1 is the Breadth of the Cavetto, with its Bead, which is I Part thereof ;
the middle 3d Part of d ¢ is the Breadth of »p the great Fafcia, and the next Part
of the {mall Fafcia, and Cyma Reverfa, which is X thereof.

L ENE Pk
STuerics on the five Orders of ANDRE & PALLADIO, recommended ta the Confideration
of kis ddvocates.

I. OF tbe Tufcan Order, Plate XX, :
Duere 1. AN the Cinélure, which is abfolutely aPart of the Tufian Shalt,
C be jultly confidered as a Partof the Bafle ? _

9, 2. Are the Parts in the Heights of the Members of Palladis's Tufiar
Bafe, Fig. 1. fimilar to the Number of Diameters contained in the Height of the
Colemn ?

. 3. Are not the Parts in the Heights of the Tuftan Bale, Fig. 111, fimilar

t5 the Number of Diameters in the Height of its Columnp 2
.n
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2. 4. Is not the Neck of his Tuftan Capital too low, and the Projection of
its Ovolo and Abacus too little ?

2. 5. Isnot his tbacus, and Ovolo under it, too maflive for the Filler ¢

2. 6. If, in the Execution of the Dyrick Order, the Triglyphs and Drops are
leftout, as often is done, how are the Tyfean and Dorick Architraves to be known
from one another, f{incethat, in both thefe Orders, he has divided cach Archi-
trave into two Fafcia’s ?

2. 7. 1s not the Height of his Tufean Freeze, which he has made equal ta
% of the Entablature, too little ; for a great Part of its Height being eclipfed,
by the Projeftion of the Tenia, the Remains has more the Look of a Fafcia
than of a Freeze ?

2 8. Should any compound Members, as the Cyma Re@a of the Cornice,
be ufed in this Order, fince that its vative Simplicity (which confits in the Plain-
nefs of its fingle Mouldings) is thereby deflroyed ¢

9. g. Which is moft agreeable to the Charaéter of the Order, @iz, T finith
the Entablature with the Cyma Re&a and Regula, as Fig. I1. or with the plain
and bold Ovolo, as in Fig. 111,

II. On the Darick Order, Plate XXIV.

2. 10, Isnot the Artick Bafe, which he has given to this Order, much too
extravagant, and more efpecially as thatanciently this Order was made with-
out any Bafe ! 1s not the modelt Addition of an Aftragal on the Torus, asin
Fig. IV, {ufficient to diftinguifh it from the {a/ecan 2

9. 11. Are the Annulets proportionate or difpropertionate to the Ovolo and
Abacus? Have they fo noble an Afpe as the Aftragal under the Ovolo in the
Capital, Fig. Il ¢ 7

2. 12. Can the Annulets be feen diftinétly at fo great a Diftance as the afore-
{aid Aftragal 2

9. 13. Is it good Architefture, to make the fame Bed-moulding in the Dorick
Entablature asin the Tufean 2

2 14. Is a driping or oblique Plancere, as A, the molt agrecable, or the
mnolt difagreeable of all others ?

III. OF the Tonick Order, Plate XXVIII.

£, 15. Is not the Plinth of his Pedeftal, Frg. III. much too low ?

2 16. Should the fmick Archiave be divided into the fame Number of
Faleia's as the Corinthian Architrave ?

Q. 17. Isiit good Architeflure, to makethe fame Bed-moulding in the Lnick
Entablature as 1n the Tufiqr and Dorick #

2. 18. To which of the Orders do Dentules properly belong 2

2. 19. Should the Doricé and Ionick Cornices be alike finifhed with a Cyma
Retta and Reverfa, as in Plates XXIV. and XX1X }

IV. Of the Corinthian Order, Plate XXXII.

9. 20, Is not the Plinth to his Pedeftal much too low for the Statelinefs of
the Order ¢ '
Q. 21, I5 it good Architetture to make the Shaft of the Corintbian Colamn,
Fig. ko 20 Minutes fhorter than the Shaft of the Jfonicé Column, Fip. 1. Plase
KXXVIIL
V. OF ¢he Compofite Order, Plate XXXIX,

D, 22, Ts not the Plinth of his Pedeital much too low for the Statave of the
rder ? :

2. 23. As the Coriatlian Order, which iz more delicate than the Conpofies
Order, “has its Shaft made 20 Minutes fhorter than the Shaft of the Zuicd, why
doth he make the Shalt of the Conspofire Drder, whofe Capial and Enrablause -
:;re mare waflive thanthe Corinpligy,” 36 Minuges higher than the Shafc of che

awick ? : : : .

O

D .
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Q. 24, UHas the double Aftragal 4; in Fig. I. Plate XLI. any Similarity of
Proportion to the other Members of the Bafe ? .

2. 25. Is it good Architefiure te proportion the Architrave and Freeze of this
Order the {ame (3 a Minate only excepted) as the Tuftan #

.26, Can any Perfon believe, that the Fillet on the Freeze and its Aftragal
fhould be made equal ? ‘ )

2. 27, Are not the Greatnels of the Members in the whole Entablature more
propartionate to a Tufeer Column of feven Diameters in Heighe, than to a flen-
der Column of ten Diameters, which he has affigned ¢

Tothefe I could add much more 5 bat let thefe fuffice to thew, that this great
Mafter is no more free from Miftakes than another, altho fo very much ap-
plauded by many, who, for want of knowing better, have believed him inimit-
able,

7w e il e
GF the Grotelque Order, Fig. I. Plate XLVIL

F§ W15 Orderis a Degree below the Tu/tan : It confits chiefly of {quare
Members, and is to be afed in Grotwo's, e
To proportion the Parts of this Order,

Divine a/, equal to the given Height, into 3 equal Parts, and the lower
1 Partinto 7 Parts, give 2 Parts and T to the Subplinth ; divide the upper 1
Parc of a / into 7 equal Parts, and give the upper 1 tothe Height of the Ovolo;
divide & # into 5 Parts, the lower 4 Parts is the Height of the Column, and
which being divided into 7 Parts, is the Diameter of the Column ; divide 2 ¢,
the upper 1 Part of & 4, into 3 Parts, the upper 1 is the Height of the Corona
and Fillet, which is § of the whole ; divide fg into 7 Parts, give 3 to the Ar-
chitrave and 4 to the F'recze; make g4 the Capital equal to ! the Diameter, a8
alfo the Height of the Bafe; make the Height of the Cinttare on the Bafe, and
the Fillet under the Capital, each equal to { of the Height of the Bafe.

o rufficate the Shaft.

Divipe its Heightinto 7 equal Parts, and male each Ruflick and cach Inter-
val equal to one Part. The Projection of the Bafe is 40 Minutes, and of the Sub-
bafe 45 Minutes, from the Central Line of the Column.  The Projeftion of the
Cinflure, from the Upright of the Column, isequal to its own Height, and the
Projeflion of the Ruiticks s equal to that of the Cinéture. The Shaft is dimi-
nithed  of its Diameter atthe Bale, and its Capital projeds before the Upright
of the Shaft § of its Diarieter at the Capital. The Projeétion of the Ovolo, from
the Central Linec z, is 1 Diameter 37 Minuces £.

LB G T R
Of the Attick Opder, Yig. VIII, Plate XLV,
TH IS Order is never ufed but when an drtick Story is placed over the Cér-

nice of fome one of the preceding Orders, and is thus proportioned.
Divive D G, the Height, into g egual Parts, give the upper t Part to the
Height of the Cornice. ;
To dividethe Members of the Cornice. Fig. 11
Divine the Height into 18 equal Parts, give the firft 3 Parts to &, the
Height of the Denticule, the next 2 to the Height of the Cavetio x, the next
5 to the Height of the Corona w, and the upper 2 (6 @ the Cyma Reverfa, wich
ats Fillee £,
Note, lir'the Plate the Cyma Rewosfa is, by Mifiale, #ade a Cyma ReBa, wchich
the Reader is difived to corredf
The Height of the Denticule, divided into 6 Parts, the Depth of the Dentules
muit bz made § of thofe Pasts, their Breadshs 3 Parts, and the Lntereals each ¢
: ' Pae
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partand I,  The Projeétion of the Cornice is equal to its Height. The Height
of the Plinth is 12 Parts and %, asalfo is the Breadth of the Pilalter, of thofe
1o Parts into which the Height of the Coraice is divided, and the fmall Torus
and Fillet on the Plinth is 2 Parts and L.

Tr it is required to place Bails on the Necks over the Pilaflers of this Order,
the Height of the Neck mult be equal fo the Height of the Cornice ; which be-
ing divided into 5 Parts, give 2 tothe Plinth, £ the next 110 its Millet, and § of
the upper 1 to the upper Fillet. The Diameter of the Ball is equal to the Dia-
meter of the Pilafter, and the Diftances of the Pilafters are always the fame, as
of the Columns over which they fland.

LECT. XHL F 1l o PlareX,
Of avreathed Columns.

§ at fome times the Shafts of the Lnick and Corinthian Columns have been
wreathed or twilted, it is cherefore neceflary to fhew,
Haqu to deferibe a avreathed or tauvijied Cosumns

Let a b ¢ r be a given Shafe, 1t Bife@ 2410 G, and draw the Line G,
make » 5 cqual ta r ¢, and draw av p parallel to c . Draw the Diagonal Lines
¢p» and 4r, and make the Triangle 4 = c equal to the Triangle p g #, on the
Points = and g3 with the Radius gr, deferibe the Arches pr, and de; 2dly,
Make psequal to pav, 2nd draw 2o parallel to ¢ 7, alfo draw the Diagonals ¢ 5,
and squ, Make the Triangle o p g equal to the Thiangle ¢ Aav, on the Points
& and g, with the Radius 5 , defcribe the Arches 4¢, and p s, 3diy, Makega
equal to o, draw the Disgonals s o, and ea, malke the Triangle s /e cqual to
the Triangle » 7 o, and on the Points fand 7, with the Radius g, defcribe the
Arches s, and 2 o ; 4thly, Make » /equal to » 7, &¢. and fo proceed to re-

peat thefe Operations until the whole be completed, asrequired.

T3 AT ST Pl X

OF the Manner of diwiding the Flutes and Fillets on the Swrfaces of real Pilafiers
and Columns.
P ILASTERS are floted in two different Manners, wiz. either with Fillets
anly, as Fig. N, or with Fillets and Beads at their Angles, as in Fig, M.

T'se Number of Flutes in the Frant of a Pilafter fhould be feven precifely,
althosgh fome make lefs, and others mare, but thofe are nevér done by an
Artitt or Workman.

Tue Breadth of a Flute is to the Breadth of a Fillet, as 3 is to 1. In Fjg. No
there are 8 Fillets, and 7 Flutes, which are thas found, wiz. divide the given
Breadth of your Pilafier into 2 equal Pars, give 1 tocach ¥illes, and 3 to each
¥'lute. ; 4
Ix the other Byample, Fz. M. divide the given Breadth into 33 equal Parts,
give 1 toeach Bead, and the ciher 29 tothe 8 Fillets and 7 Flutes, as in Fig. N.

Ty rendily dizide the Flutes end Fillets of a Pilafier.

Draw a Line at Pleafure, as« b, Fig. N. and thetein fer off 29 any equal
Parts from atob, Make the equilateral Triangle a= b, and i:r-am the 29 Divi-
fions draw Lines to the Peint = : This being done, fec the given Diameter of
your Pilafter from z to 4, and to ¢, and draw t!wﬂf,mc i, \\*l)]Fn wi E be divided
at the Points e fg b 4, &Fe. into its Flutes El:':d_‘l‘l]'lcl'.-'., a5 req;ur_ed. Forased is
parallel to ¢ b, therefore the Triangle cd = is fimilar to the Iriangle = a &, and
eonfequently the Line ¢ 4 is divided in the fame Proporrion as the Line e &.

T the fzme Mannera Pilafter wich Beads and Fillets is readily divided by an
gquilateral Triangle of 31 Parts, as da b, Fig. M.

To diwide at once the juft Breadils of Flutes and Ff'lfc’u_ on the Surface of a real

Calnmn,

L&t Fig. F. Plaze XL be the Plan of the Bafle, and Fig. B, of the Top of a

fiven Calamn, ta be fiyted with Fillets. ;

7 Operation.
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Operation. Drawa Right Line, as pg, Fig. I, at Pleafure, and having 2 Pair
of Com pafles, open 1 Pair to any {mall Diftance, fuppofe q r, and the other
Pair to one third Part thereof ; now as thefe two Openings of the Compafies are
to ane another, as the Breadth of a Filletis to the Breadth of a Flute, therefore
from p. toward: ¢, fet off the two Openings, each 24 times reciprocally, that is
interchangeably, as firft p s thenrs, thens ¢, equal to pr, &Fe. but you muft
obferve that the two Openings aforefaid are fach, that when you have et each
24 times from p to g, that the Length from p to ¢ be lefs than the Girt or Cir-
cumfercoce of you Column that is to be fluted, otherwife your Labour will be
invain Fiom the feveral Divifions {o fet off, on the Line p ¢, draw Right
Lines perpendicular top ¢» of Length at Pleafure, and then you may proceed to
the finding of the trus Breadths of your Flutes and Fillets, as following.

thi, Strike a perpendicalar chalk Line from the Aftragal to the Cinéture on the
Suiface of the Column, and being provided with a narrow fireight-edged Piece
of Parchment, &%. girtabout the Column at its Bafe. and cut the Parchment
exattly to its Girt. This being dome, apply one End of the Parchment to one
Side of Fig. L. fup;ofe at x, and its other End unto the other outer Line, as at
a; thenwill x4, the ftreight Edge of the Parchment, be divided: by the afore-
fa1d perpendicular Lines at the Points 4 ¢ defghiklm, &c. which are the tne
Sreadths of the feveral Flutes and Fillets for your Column, and which being
marked on the Edge of the Parchment with a Black-lead Pencil, apply the faid
Parchment about the Bafe of your Column, laying one End unto the Chalk Line
afurefaid, as at B, and prick off the Breadch of every Flute, asat 2 d, cd, efs
£k ik lm, Ge.

zdly, Take the Girt of the Column under its Aftragal, and apply it to Fig. 1.
as fiom » to 1, whereon mark the Breadths of every Flute as inthe former, and
applying one End of it unto the aforefaid perpend.cular Line, as at A ; prick off
the Breadrh of ‘each Flute, as at the Points 1 2,34, 56,78, 910,11 12, &5e.
and then Chalk Lines being ftruck on the Surface of the Column, from the Di-
vifions under the Aftragal to thofe at the Bafe, the whole Surface of the Column
will be fet our ready for working, as required,

Nove, To know when a Flote 1s worked truly Semi-circularin a Pilafter, apply
a Square within it, and if the angular Point and Sides of the Square touch the Sur-
tace, and Extremes of the Flute, at the fame time, as at 29t Fig. G. Plar: XI.
the Work is true, otherwife it s falfe. And Flutes that are lefs than Semi-circles
are proved by the very fame Method, only inflead of applying a Square, you
muft apply a Bevel in the Manner following.,

As for Example, Let a b, Fig. H. Plate X1. bg the Plen of a Flute avhgfe
PRepth is lefs than the Radius of the Circle, of swbick the Flute is a Segarent.

Operation. Aflume a Point jn any Part of the Flute, as at b, and draw the
Lines bcd, and ba f. Nail together two ftreight Pieces of Lath, &¢. o as to
make an Angleequal to the Angle £b4d, and, to prevent its o
104 greater or lefier Anale, tack ona Brace, as the Piece
Ecvel be prepared for Ufe, as the Square aforelaid.

Note, By this Mcthod the Heighe and Extent of any Scheme or rather circu-
lav Avch being given, may be deferibed without any Recouife being had to the
Cenzer; for it theSides of the Bevel be kept to a and ¢, the Fxtent of the Flute,
the angular Poincé, oy Pros, XVI, L E C T, VL. Part 1L will always fallon
fome Parcof other of the Arch 2 & ¢; and confequently if the Point 4 be applied
te the Pointe, and then moved on towards b, thence to ¢ {the Sides of the Bevel
being always kept fliding clofe to the Points » and ¢) it will defcribe the Arch
«&s whiel s a Segment'of 3 Circle, and without any Regard being had to
its Center,

£ig. M, and ITE. Blate X1. fhews the Marnzr 6f mak

pening or fhutting
£ o then will your

ing an Infirument on

Paficboard, or Ivery, for the ready fetting off the Breadths of Flutes of Columns
pn 2 Drawing, withoulvh Trouble of deferibing and dis

I g 5 Qo O -
wing of a Semitcircle,
as
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as befare taught, which is an Invention of Mr. Edwward Stcphens, Cabinet-maker,
and thus made. ey .

Operation.  Firft, deferibe a Semi-circle, as ¢ g, of 2 Iarger Size thin the
Diameter of any Column that you may defigntodraw; divide its Circumference
into its pioper Flates and Fillets, as before taught, and then drawing right Lines
from them, to the Center @, the Inftrument is completed.

SeconpLy, fuppole you have the drawing of a Column to be flated, whofe
Semi diameter is equalto Pe  Onthe Center ¢ deferibe the fmall Semi.
circle d 1, 2, 3,4, 5, &5c. which will cut the central Lines of the Inftrument; in
the Points 1 2 3 45 6, &e. from which draw right Lines with Black-lead, a¢
right Anglesto ¢ &, and they will divide # # into unequal Parts, which are the
true Appearances of the Breadths of the feveral Flates required.  And the Edge
4 a, being applied to the Diameter of the.Column in your drawing, prick off
the feveral Divifions, which will be the Breadths of your Flates and Fillets, as
required

Fig. I11. Is another Inflrament of the fame Kind, made for fetting off tiig
Flutings of Darick Columns, acording ro the Manner of the Ancients.

LE @T U RE XV.

Of the Mannir of placing Colunms againft Walls, and over one arother, as the
Doricle en the Tufcan, the Tonick ox the Dorick, &c.

OLUMNS are placed either againkt Walls, with a fourth Part of their
Diameters inferied, as Fig, 111 and IV. Plarz XXX, when thrée Quarters
of the Body of the Shaft projets before the Upright of the Walls ; or entirely
clear from the Wall, as Fig. 111. Plate XL11L. in which laf Cafe, a Pilafer is al-
ways inferted in the Wall, as C and E, before the Columns D E; and the In-
tercolumnation or Diftance of the Column from the Pilafter, is always the fame
as when Columns are placed in Pairs, The Quantity of Infeition of Pildfiers
mult be fuch s will he agreeable to the Parts of their Capitals. In the Tyfan
and Dorick Orders the Pilafler may projedt before the Wall, a half, a third, &
fourth, a fifth, afixth, or feventh Part of its Diameter; but in the L#icd, Co-
rintbian, and Cowpafite Orders, they fhould be half a Diameter precifely, other-
wifé the Ornaments of their Capitals will be unevenly divided, and have a very
bad Appearance.

Wren Columns are to be placed over one another, as was the Coftom of the
Ancients, who placed an Orderin every Story, we are to oblerve, firft, That
the Diameter of the Column in the fecond Story be ac'its Bafe, equal to° the
Diameter of the lower Colutiin at its Aftragal; and that they fiand exa@ly per-
pendicular over each other, ther the upper Solid may ftand on che lower, Sa.
condly, To place the vpper Columns on a continued Pedeltal, whofe Heiphe
fhall be fo agreeable.to the Windows, as to make the Cornice of the Pedellaf
do the Office of Stools to the Windows ; for when Columns have their Bafug
placed below the Bottoms of Windows, fo that their Stools being continued ftop
againft the Shafts of the Columns, 25 thofe do at the Royal Bangustting-Floup
at Whitehall, they have a very ill Bffeét. The Intercolumnation of Ogrders
placed over one ancther muft be governed by the Triglyphis and Modilions, znd
therefore to place the Dorick over the Tufiar, regard moft be had to the Num-
ber of Triglyphs in the upper Order, to which the Tufeqn mull be conformable;
as indeed mult the Jonick to the Doricl in fome Cafes, when the Diflances of it3
Modilions mult be made a little more or lefs to biing them into Order; and
When the Curinthianis placed over the Lmick, the Modilions of the Tonfck mutk
be conformable to thofe of the Corinthisn. :

Wiaew an open Gallery is made over an Arcade, the Openings between tha
Columns may be quitc down to the Bottom of the Pedeflal in the upper Order,
a5 in Fig T. Plate XLIV, but at {uch Times *tis bek to place 2 Balluftrdde be-
@ween tiie Pedeltals, which will be a Security and a5 Orsament alfo,

T LECTDRE
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EECT R BNV

Of the warious Kinds of Ornaments for the Envichment of the foweral Members of
oa 4 b ;
awkich the five Orders of Columns are compifid.

THE Ornaments -that are, asd may be invented for the Enrichments of
Mouldings, are endlefs : but thofe that are now in the greateft Efteem, I
have introduced in the feveral Members of the laft fonr Orders; not that every
Order muft be fo fully enriched as I have exprefled, but fuch Parts of them
only, as fhall be judged fufficient ; and thar the Learner fhould not be ata lofs;
to know what Grnaments are proper for fuch Members, as he may be inclined
to enrich: T therefore have been fo profufe, asto give every Member an apree-
able Ensichment.  And zs oftentimes “tis required to enrich Pannels, PiGure-
Frames, and other Parts of Buildings, 1 have therefore, in Plates XVI. XVIL
and XVIII. given a great Variety or Ornaments at large; together with theSec-
tions of divers curions Mouldings for fuch Purpofes, of which take the following
Acconnt,

I, Twg Figures EF Lare Ornaments called Zitraian Scrolls, 1 fuppole from
Vitrawius, who might be the Inventor of them. The Diitances of the Spirals is
at pleafure; but their Height being divided into two Parts, their Diftance is
generally equal to 3 of thofe Parts, and their Spirals are deferibed by the Me-
thods before tavght,

1I. Tusx Figures G H K L M are Interlacings, or Guilochi's of various Kinds,
of which G HK and L are compofed of the Arches of Circles, as is evident
by Infpettion, and thatof Fig. M, of parallel right Lines, which form geome-
trical Squares of any Magnitcde connefled together, by Qnadrants on the Out-
fides. The fret Osnament of the Ancients is by fome called Guilocki, of which
in Plate XVAIL Thave given Examples of 15 Kinds, for the Praftice of the
young Student, and whole Number of Parts into which the Breadth of each is to
be divided are fignified' by Divifions, and numerical Figures againit each.

ITl. Tne Eggs and Darts, commonly called Egos and Anchors, as Frg. 1.
FPlate XVI. arc thus deferibed. Divide the Heig"nt 7 P into g equal Parts,
at thePoints 12 34567 809. Firlh, Draw o C and £ B, parallel to 7 P,
each at the Diftance of 7 Parts; and divide ¢ 7 and 7 &, each into 7 Parts.
Through the Point f draw ¢ m, parallel to C B; make £ ¢ and Sfm, each
equal to 4 Parts, and draw the Lines ¢ 3 and m £, Through the Point 3, ou
the central Line 7 P, draw the Lines ¢ 3y, and m 3. On the Point £, with
the Radios £'12, deferibe the Semi-circle 2 12 . On the Points 2 and 7, with
the Radius a7 ¢, defcribe the Arches o wand p 3; and on the Point 3, with
the Radius 3 v, deleribe the Arch o 1 3 which will complete the Out-line of
the Ego.  Secomdly, Draw the Line 4/, throngh the Point 7, on the Ling g P,
and divide the Diftance between the Points 5 and 4, o the Line'g P, into 2
equal Parts, and draw the Lines /= and/ av. Oa the Points 4 and /, with
the Radius o b, deferibe the Arches & » and & «v; 2ad on the middle Point,
between 3 and 4, on the Line o P, deferibethe Arch «v x. Thirdly, Diawr g
through the Point 8 ; make ¢ 8, and 8 gs each equalto 3 Parts. From the
Points ¢ and ¢ draw the Lines g and ¢ A, through the middle Point between
the Points 4 and §5 on the Linc 9 P. On the Pointsc and g, with the Radivs
c i, deferibe the Arckes ¢+ A and I x; allo on the middle Point'betwween 4
and g aforefaid, deflciibe the Arch » P A. Fourtkly, Throvgh the Point 2,
on the Line 9 P, draw the Line 2 » s; asalio draw the Lines ¢ B, flopping at
73 alfo 12 B, and 23 thenone half Part of 2 Dart will be completed ; and
il} the fame manner complete the other half, and all'others. Now from hence
’tis plain, that to fet out the Diftances of Egas and Darts, you muft firft divide
the Height of the Ovolo into ¢ equal Parts. Secondly, Take 4 of thole Parts,
and fet that Diftance along vour Molding, and then Lines being drawa from
thofe Points, fquate to the Fopand Bousmof the Ovolo, gty other Line

. ' T will
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will be the central Line of an Egg, and the others of the Darts, which divide-
as aforefaid. Eggs in Ovolo’s are oftentimes enriched with Leaves, Hufks, &e.
inftead of Darts, as between N O B, Plaze XVI.

IV. The feveral Monldings for Pannels and Pi@ure Trames, Plate XVIL are thus
divided.

1. Of Mouldings for Pannels, Fig. 1. divide the Ileight into 3 Parts; give
two thirds of the upper ¥ 10 A the Regula; the remaining 3d Part, and the
middle grear Part, to B, the Cyma reverfa; half the lower Part to C the Alkra-
gal: And the remaining half Part, divided into 3 Pasts, give 2 to E the Ca-
vetto, and ¥ to D its Fillet.

Tuc Diftances of the central Lines « &, ¢ d, e f> e of the Leaves, £z is
equal to the Height of the Cyma B.  Secondly, Fig. 1L Divide the Height into
4 Parts, give the upper & to A the Regula; the next 2 to B the Cyma Rea;
and the lower 1 divided into 3 Parts, give the upper 1to C the Fillet, and the
lower 2 1o D the Cavetwo. Divide 4 4 into 5 Parts, and fet off the eentral
Lines of the Leaves, as o ¢, &%, each at the Diftance of 7 Parts.  Thirdly,
Fig. IV, Divide the Height into 5 Parts; give the upper 1 to A the Regula,
two thirds of the next 1 to B the Cavetto ; the next 2 Parts, with the Remains
of the 4th Part, to C the Cyma Reverfa, and the lower Part divided into. 3 Parts,
give 1 to the Fillet E, and 2 to the Aftragal D. 'The Diftauce of the central
Lines of the Leaves, &5c.d o, ae, ¢ f, e, is cqual to the Height of the Cyma
Reverfa, Fourthly, Fig. V.. Divide the Height into 5 Parts, give the upper 1 to
the Reguia, the next 1 to the Ovalo, 1 third of the next to its Fillet, the remain-
mg 2 thirds, and the next 1 to the Cavetto; and Initly, the lower 1 divided
into 3, give the upper 2 to the Aftragal, and the lower 1 to the Fillet.  Divide
adinto g Parts, and make the Diftance of a &, & ¢, £c. equal to 7 of thofe
Parts, as aforefaid. Fifihly, Fig. VI. Divide the Height into 3 equal Parts,
and the upper 1 into 3 : give the upper z Parts to the Regula. A, and the Re- -
mainder, with the middle great Part, to the Ovelo B. The lower great Part
divided into 2 Parts, give the wpper 1 Pare to the Altragal C, and the lower. .
Part being divided 1ato 4 Parts, give the lower 3 Pares to the Caverto D, and
theother 1 Part toits Filler. The Dillances of the central Lines of the Eggs,
&e, are to be found as aforefaid. et 23

1., Of Mouldings for Picare Frames.

Fizgr, Fig. ITL Divide the Heightinto 4 Parts ; the upper 1 divide into %,
give 1 tothe Regula A, and z to the Cyma Reverfa B.  Divide the upper half
of the next Part into 2 equal Parts : give the lower Part to the Cavetto B, "and
the upper Part being divided into 3 Parts, give the upper 2 to the Aftragal C,
and the lower 1 to the Fillet D. “Divide the lower 4th Part into 3 equal Parts,
and the lower t Pare into 3 Parts'; give the lower 2 Parts to the Cavetto K, and
the upper 1 to the Filler [, Divide the upper 3d Part into 2 Partss give the ©
upper 1 to the Fillet G, and the Remains t6 the Aftrapal H.  Divide b # into 5
Parts, and make the Diftance of the central Lines of the Leaves, as a ¢, 50,
vqual 106 of thole Parts, the central Line of the Rofes to the Firrwwian Seroll
in the Freeze F, is direétly in the Midft of the Freeze, and the Diltance of the
Centers of each Rofe, ‘as ¢/, 1s equal ta the Height of the Fregze,

SecewoLy, Fip, VII. Divide the Fieight into 3 equal Parts, and each Part
inte, 4 equal Parts give the upper 1 Part to the Regula A, the fiext 2 Parts to
the Ovolo B, and the next 1 to the Fillet € and Cavetto D.  Give the middle
great Part, and 3 fourth of the lower great Part, 1o B the Freeze, -Give thenext
fourth Par: of the lower great Parvio tite Cavetto F, and Fillet G ; and then the
Remains x, being divided into 4 Parts, on = deferibe the Quadrant 5 %, and then
Waking ¢ bequal 10 y =, defesibe the Corves ya, and 2 &, which with the Qua-
drant y x, forms that Moulding which Workmen call the /7% Ogee. The Man-
Ber of deferibing the Guilocoi in the Freeze is plain to Infpeétion, asallo arethe,
Rliftances of the figes, in B the Ovolo, and Leaves in H the Woelfh Ogee.

Tz THirRDLY
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Turrory, Fig. VIII. Divide the Height into’s Parts, and each Part inta 4
Parts, as before; give the upper 1 Part to the Regula A, the mext 2d Part
and 1 third of the third Part, to the Ovolo B, the fecond third Part to the Fil-
let C, and the Remains of the upper 1 great Part, to the Caveito D). The
midcle great Part is the Height of the Freeze E. The lower great Part, being
divided into 4 cqual Parts, give the upper 1 to the Cavetto F, and Fille: G 3
the next 1 to the Aftragal H.  The remaining 2 Parts, divided into 8 Parts,
give one to the Fillet], ¢ to the Cyma Refla K, and the lawer 2 to the Fillet.
To thefe Examples many more might be added, but 2s I muft not fwell the
Work to a much greater Bulk and Price than is propofed ; and as hg that is
Matfter of thefe, will be able to invent others without End, I fhall therefore
proceed to,

LECGTURE XVIIL
OFf the Manner of raficating the Shafts of Columns and Pilafiers, Plate XLV,
Tue Orders vlually rofticated are the Tufean, Dorich, and Jozick.

Tz ruftick the Tufcan Column, Fig. A and B. i
DEVIDE the Height of the Column into 7 equal Parts, and give 1 Part .
to each Ruflick, whole Projeclions may be made equal to the Proje&ion
ot'the Cinfture as in Fig. A, or equal to the Projedtion of the Plinth, as in Frg.
B, and which in both Cafes may be made diminifhing with the Column, or Up-
right, as exprefled by the dotted Lines; but this lait has a very hieavy Appear-
auce, and feems contrary to Reafon, by over-charging the fmallelt Part of the
Shaft with: the greatelt Rufiicks,
To ruficate the Dorick Colums, Fig. C and D.

Divipe the Height of the Column into 8 equal Parts ; give 2 to each Ruftick,
as &b and 4 4, and the fame to the Intervals ce. The Projeclions of thefe Rul-
icks are determined as thofe of the Tuftan.

t T rufticate the lonick Column, Fig. B and .

Drvipe the Height into g equal Parts, give 1 to each Ruftick, and to each

Interval, and determine their Proje€ures, asin the Tufean and Derick
To rufiicate Tuican Pilaflers, Fig. G and H,

PrrasTers zre rufticated in two different Manners, wiz. cither champher'd,
as Fig. G, or rabbeted, as Fry. H.

Ta rufiicate a Tufcan Bilofler auith champher'd Bufiicks, as Fig. G.

Duvipe the Height of the Cclumn into 7 equal Parts, and any ane of the
Parts, as b y, into § equal Parts, give G FParts to the Height of the Face of
each Ruftick, and 1 toeach of its Champhers. The Projcétion »  of the Rui-
ticks, before the Upright of the Pilader, is equal to 1 Part.

To ruflicate o Fufean Bilafier, avith Kabbet Buflicks, as Fip. H.

Divine the Height into 7 equal Parts, as before, and one Partinta 1z Parts,
s atac.  Mlake the Height of each Rabbet egual to two Parts, and then the
ht of the Face of each Rulick wil be 10 Pants; orif every two Parts be
bidered as 1 Part; then eacs Rabbet will be 1, and each Ruftick will be 55 @8
expreffed by Figures on the right-hand Side. The Proje@ion of the Rullicks,
Lefore the Upright of the Pilatter, may be made equal to the Projection of the
Cinfture, or to the Height of a2 Rabbet ; but this laft is razher too great, for then
the Ruflicks will have a very heavy Appearance,

LE T U R E- XVl
OF . Block Cornices and raffick Qusine, Fig, 1L ITL. iVL V. VI, and VII. Plate
XLVIL

'!" IVIDE & = Fig 11 the given ght into g equal Parts, and give the
_J-lowelt 1 ta the Height of the Plinth.” Divide the upper 8 Parts into L4,
Pares’; give the npper 2 tothe Height of the Cornice, and the lower 12 to the
12" Rufticks. Divide the Height of each Ruflick into 4 Parts, give.3 _t% the

ace
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Face of each Ruftick, and £ of 1 Part to each Champher. Divide 4 #, the
Heipht of the Cornice, into 4 equal Parts, and give to each Member, as each
Part doth cxprefs. The Projedion of the Carniee is equal to 2 Parts and £ of
the Cornice’s Height. The Length of the firetching Rufticks arc equal to 3
Parts, and of the heading Rufticks ta 2 Parts of the Cornice’s Height, fet back
from the Upright of the Quoein, Fig. IIL IV. V. V1. and are V. different Ex.
amples, whofe Parts are proportioned in the {ame manoer as their feveral Di-
vifions and Numbers exprefs.

LECTURE XiIX. Fig L IL IIL. IV. V. V1. Plate XLVI.

Of the Manner of proportioning the principal Parts of Doors, Windows, and Niches.

TO proportion Doors to any given Height, Fig. IV, V. and VI,

Firft, Divide the given Height in Fig, IV. and VL. into § equal Parts,
the upper I Part is the Height of the Architrave, Freeze and Cornice, and the
lower 4 of the Door. Make g 4, in Fig. IV. and ¢ &, in Fig. VL each equal to
2 Parts for the Breadth of the Openings, and £ Part thereof is the Breadth of
the Architraves x g, and # :

Secondly, Fig. V. Divide the Height into 4 equal Parts, 2nd the upper 1 Pare
into 4 Parts, then the upper 3 Paris is the Heioht of the Architrave, Freeze, and
Cornice, and the Remainder is the Height of the Door, whofe Breadth is equal
to 1 great Part and a half, and its Architrave to £ of the Breadth. The Breadth
of the open Pilafters # &, againlt which Trufles are fixed as at 2, to fupport the
Cornice, isequal to £ of the Breadth of the Architrave, Divide the lower 4th
Part, of the upper great Part, into 2 equal Parts, and that gives the Depth from
the Cornice, atwhich the Foot of the Trufs is to be placed. The proper Trufs
for the Support of thele Kinds of Cornices is exhibited in Fig. 1. Plate XIV. and
is thus defcribed. -

Do dsferibe a fpiral Trufs, for the Sﬂ;par}‘ of Cormicet over Doors, Windimus, and
Niches.

Divine ABthe given Height (including the Height of the Architrave, Frecze,
and Cornice) into 15 equal Parts, give the upper 4 to the Height of the Cornice,
and the lower 11 to the Height of the Trufs. Let the Line M = reprefent the
Upright of the Face of the open Pilafter againft which the Trafs is fixed. Draw
W e n parallel to M =, at the Diftance of two Parts and £ ; allo draw B % the
Bafle Line arright Angles to M z. From the Points 8, 4 and 2 in. the Line A E,
draw the Lines 8 ¢, 4 G and 2 E, parallel to B =, and of Length towards the
Right-hand at pleafure: Thefe Lines lalt drawn determine the Heights of the
greater and lefer Spirals or Scrolls, Divide a ¢, the under Past of the Cornice,
inta € equal Parts, and a g into 7 equal Parts ; alfo divide GE into 7 equal Parts,
and make G yand E 8 equal to § of thofe Parts ; and this being done, proceed in
every refpedt o defcribe the two Spirals, as you did thofe in the Corinshiar Moa-
dilion, F7g. V. Proz. 1X. LecT. V1L hereof.

Fig. 11 Is the Front-view of this T'rafs, whofe Breadth IT Iis equal to B F,
iz, t0 1 Pare and 1 of the Parts in A B, and which being divided into 8 equal
Parts, is defcribed in every Particular the fameas £z, m=z o p /, in Fig. 111, the
Face or Front of the Corinthiar Modilion,

To diwide the Heights of the Members in the Cormice.

Twur Height being divided before into 4 equal Parts, divide the lower 2 Parts
into 4 cqual Parts, give the firft 1 Part to the Height of the Cavetto V, the next
2 Parts to the Fillet T, the Dentule 8, and Fillet R, and the 4th, or upper Part,
to the Ovolo Q. The 3d great Partis the Heightof the Corona P, and the next
and laft Part is the Height of the Fillet O, the Cyma Re&a N, and Regula M,
‘The Projettion of the Cornice W X is equal to its Height W .

To diwide the Dentules.

Divios & x the Height of the Denticule into 6 Parts, and male the Length
of a Dentule equal to 5 Pars, Make the Breadth of a Dentale and an Interval
" equal
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equal to the Height of a Dentule, which divide into 3 Pa;ts, give 2 to a Dentule

and 1 to the [aterval.

1. To proportion Windsews and Niches to any piven Height, Fig. I. 1L and 111,
Plate XLV I, ]

Divioe the given Height into 5 equal Parts, the lower 1 Part is the Height
of the Pedeftal, whole Farts are to be divided gccordéng te the Pedeftal of any
Order required. The remaining 4 Parts being divided Tinto 5 equal Parts, the
upper ¥ Partis the Height of the Entablatere, and their Breadehs, if for Win-
dows, into 2 Parts. The Breadihs of their Architraves, asz », Fig. I11. is equal
to £ of the Opening, and of their open Pilaller, to  of the Architrave, aslike-
wile are the Margins o p and ¢ », Fig. 11, when made into Niches. The pro-
per Entablatures to be placed over Doars, Windows, and Niches are exhibited
by Figures ABCDE I and G, Plate XLVIL But as fometimes the Quoins and
Heads of Windows are rufticated, I havethereforein Plase X1LV. given five Ex-
amples thereof, with the Divifions of their Parts, which expiains them to the
meanelt Capacity.

LECTURE XIX.
Of PepimENTS.

EDIMENTS are employed eicher for Ornament and Ufe, or for Orna-

ment only. Pediments for Ornament and Ufe are thofe which 2re made
on the Oatfides of Buildings, and which mult be entire, that thereby the Build.
ings underncath may be wholly protefted from che Injuries of Rains. Entire
Pediments are made in three different Manners, iz, 17, Streight, as Fig. 1L
Plate XLTI, which Workmen call a raking Pediment.” 24ly, Circular, as Fip.
L Plote XL, And, 345, Compounded of three Arches, as Fig. 11, Plate
XLIX,

Tue Manner of finding the Height of the Faffiziam, or Pitch of a raking and
circular Pediment, being already taught in Proz. I. LECT. V., hereof, I fhall
therefore proceed to thew ;

Hiww 1o deferibe a componnd Pediment, as Fig, 11, Plate XLIX.,

A Comrouvnp Pediment has the fame Pitchas 2 raking Pediment, thercforeto
defcribe 2 Pediment of this Kind, draw the raking Bounds of a pitched Pedi-
ment, asB A and AC, bifc& B A ing, and A Cind, alfo bifeft A din ¢, and
thereon erect the Perpendicular £ F, cutting the central Line A Fin F. Bife&t
B4 ina, and 4C in ¢, on the Points 2z and e ere@ the Perpendiculars  E and
e D, which will cut the Pérpendiculars C D' and B E in the Points E and D, On
the Points E D and F, with the Radius E B, deferibe the Arches B 4, &, A 4, and
4 C, and concentrick thercto, at the refpe&tive Heights of the feveral Members
of the Pediment, defcribe the whole as required. ]

Peprmewnts for Ornament are thofewhich are imperfed, and arevalgarly called
Brokun ot Opn Pediments, as Fig. 1. 1L TIL Plate XLVI111. and Fig. 1. and IIL
Plate XLTX. Thefe Sort of Pediments fhould never be ufed withont Buildings,
tecaufe being open in the Middle, they let in the” Rains on the Cornice, in the
fame manner as if no Pediment was there. It is therefore that thele Kinds of
Pediments mull be vfzd within Doors for Ornament only, asd whole Cpening is
generally made for the Receprion of a Bufto, Shield, Shell, &z . Now feeing
that to niuke an open Pediment without Doors is ablard, to make an entire Pedi-
ment within Doors, where no Rains come, muft be abfurd alfo, .

In the 7ufean Order, the Lenpgtl of the raking Cornice, as A G, Plate’
XLVHUL being divided into 5 equal Parts, as'at 1, 2, 3, 4 ; the Length of the

2egula 1+ G is equal to the 4 lower Parts.  The fame is allo to beoblerved 1a a
circular open Pediment, as Fig, L. Plare XUIX, Butin a Dorick Pediment, the
Length of the raking Cornice1s to be regulated by the Mutules, for as the raking
Mutules, as H I, in the Pediment, muft be direily over A B, in the level Cor-
nice, thereforethe Diftance /%, the Projedtion of the Carnice beyond the Upright
of the level Mutule K, being fet from ' to 4; and the Lindd 20 being drawn, it

cuts
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tuts the raking Line ¢ @ into g, making the Length of the raking Cornice re-
quired.
g Tuge Length of the raking Cornice of an fowick Pediment is determined by
placing a Modilien in Profile againft a raking Medilion, as Hagaintt G, equal in
Projettion to £ 5, the level Modilion in Profile, and making g, 1 ; the Projeftion
of the raking Cornice beyond the Upright of 1, 13, the Upright of the raking
Modilion in Profile, equal to the Projeftion of the level Cornice beyond the level
Modilion in Profile.

T laft raking Modilion in the Pediment is always at pleafure, according as
the Breadth of the Opening of the Pediment is required ; and therefore it mighe
have been either that over E or F, inflead of G over A.

Note, The fame is alfo to be underflood of Pediments of the Corinthian and
Compafite Orders,

Pepimesrs are fometimes finifhed with Secrolls, as Frg. 1., Plate XLIX.
which are thus defcribed. Let A B C be the Extent and Pitch of a raking Pedi-
ment. Bife& B A and AC, ind ard £» find the Centers H D G, in the fame
manner as you found the Centers E ¥ D, in Fig. IT. Draw the Lines 4 D, and
£ D, and on the Points H and G defcribe the feveral Members oneach 8ide, as
was done in Fig, 1L

Divipeé Ainto 8 equalParts. From the third Part draw the Line C D, apd
on the Center D) deferibe the Arch 4 ¢, and Members concentrick thereto ;
make c¢ equal to g Parts and 2 of 4 A.  Divide ¢ ¢ into 8 cqual Parts, and on
the gth Part from ¢ deferibe a Cirele, as the Eye of a Volute or Spiral, and
therein find the Centers as before taught, on which turn abost the two Cyma’s,
and finith the Eye with a Rofe, &. at pleafure.

Nete, Sometimes the Cyma Recta is left out of the Scroll, and the Cyma Re-
verfa with the Corona only, are turned about to form the Scroll, which has z
very good Effeét; and then in fuch a Cafe the Cyma Reta is Ropt, and resugned
@s in an open Pediment,

LE C'TOUCRYE: "XXI.

OF truffed Pariitionsi

F7HEN Partitions have folid Bearings throughout their whole Extent, the;
have no need to be trofied; but when they can be fupporced but in fome
articular Places, then they requireto be truffed in fuch a manner that the whole
Weight fhall reft perpendicalarly upen the Places appainted for their Support,
and no where elfe. As Partitions are made of different Heights to carry one,
two, or more Floors, as the Kinds of Buildings require, therefore in Plase L. I
have given fix Examples, of which Fig. 1L V. and VI. are of one Story in

Weight, and Fip. 111, IV. and VII. of two Stories.

Tre firlt Things 1o be confidered in Worls of this Kind, it the Weight that
is to be fupported , the Goodnefsand Kind of Timber that is to be employed ;
and proper Scantlings neceffary for that Purpofe.

Tue Strength of Timber in general, is always in proportion to the Quantity
of folid Matten it contains, The Quantity of folid Matter in Timber is always
mire or lefs, as the Timber is more or lefs heavy ;.henceit is, that all heavy
Woods, as Oat, Pox, Malogany, Lignum Fite, e are fronger than Elder,
Deal, Sycamore, &¢. which are lighter, or (rather) lefs heavy, and indeed, for
the fame Reafon, Ironis not o firong as Steel, which is heavier than Iron ; and
Steel is notfo irong as Brafs or Copper, which are both heavier than Steel. To
prove this, make two equal Cubes of any two Kinds of Timber, fuppofe the ane
of Fir, theother of Ozf, weigh them fingly, and note their refpedtive Weights ;
this done, prepare two Piices of the fame Timbers, of equal Lengths, fuppofe
each g Feet in Length, and let each be tried up as nearly fquare as can be, but
to fuch Scantings, thut the Weight of a Piece of Os# may be to the Weight
of'the Picce of Fir, a3 the Cube of Os# is tothe Cube of Fir; then thofe two

Picees




148 Of ARCHITECTURE,

Pieces being laid horizontally hollow with equal Bearings, and being loaded in
their Middles with increafed equal Weights, it will befeen; that they will bend
or fag equally, which 1s 2 Demonftration, that their Strengths are to each other,
as the Quantity of {olid Matter contained in them. _

As the whole Weight on Partitions is fupported by the principal Poft, their
Scantlings muft be firft confidered ; and which fhould be done in two different
Manners, =iz Firlt, when the Quarters, commonly called Stds, are to be
filled with Brick-weork, and rendered thereon; and laltly; when to be lathed
and plaiftered on both Sides,

Waex the Quarters are to be filled between with Brick-work, the Thicknefs of
the principal Poits fhould be zs much lefs then the Breadth of a Brick, as twice
the Thicknels of a Lathy {o that when thofe Polts are lathed to hold on the
Rendering the Liaths on both Sides may be flufhwith the Surfaces of the Brick-
work ; and to give thefe Polts a fofficiént Strength, their Breadth muft be in-
creafed at Diferétion ; but when the Quarters are to be lafhed on both Sides, or
when Wainfcotting is to be placed againft the Partitioning, then the Thickne(s
of the Pofls may be made greater at pleafure. The ufual Scantlings for pringi-
pal Pofts of Fir, of 8 Feer in Height, is 4 or g Inches fquare; of 1o Feet in
Height, 5 or 6 Inches fquare; of 12 Feetin Height; 6 or 7 Inches fquare; of
14 Feet in Height, 7 or 8 Inches fquare : of 16 Feet in Height, from 9 to 10
Inches fquare. But thefe Iaft, in my Opinion, are full Jarge, where no very
great Werght is to be fupported.  As Oak is much flronger than Fir, the Scant-
lings of Oa#-Pgfs aced not be {o large as thoic of /i ; and therefore the Scant-
lings afigned by Mr. Francis Pricey in his Treatife of Carpentry, ave abfird ;
as being much Jarger than thofe that he has afigned for Fir-Pgffs. To find the
juft Seantling of oaken Poft, that fhall have the fame Strength of any given Fir-
Pofts, thisis the Rurz. _ '

As the Weiglit of a Cube of Fir is to the Weight of a Cube of Osk of the
fame Magnitude, fo is the Area of the fquare End of any Fir-Paff, to the Area
of the End of an oaken Poft y and whofe fquare Root iz equal to the Side of the
oaken Poft required.

Tne Diftances of principal Pofts isgenerally about 10 Feet, and of the Quar-
ters about 14 Toches, but when they are to be lathed on both Sides, the Dif-
tances of the Quarters thould be fuch 45 will be agreeable to the Lengths of the
Taths, otherwife there will be a very great Walle in the Laths. The Thickncls
of ground Flates and Raifings are generally from: 2 Inches and Ralf to 4 Inches,
and are {carfed together, as exprefied in Fig. I KL M NOFP Q R.

Tw the feveral Examples aforefaid the principal Polts have their Inter-ties and
Braces framed into them; as expreffed in Fioures FEG HCBD AR E, whole
refpetive Places the feveral Letters in each refer to.

LECTUUFRE XXIL
Of nared Flooring.
HE principal Things to be obferved in naked Floaring s firft the Difpo-
{ition of Girders, or Manner of plating them in the moft fecure and ad-
vantageous Manner. Secondly, their Scantlings, and lalily, the Manper of
traffing them, when their Lengths require it

Truereare fome Carpenters, who infilt'that Girders fhounld be 1aid on firong
Lientils over Windosws, and who alledge that Girders, being laid on Lentils in
Piers, che Piers are endangered at’the Decay of thofe Lenuls. Others indilt,
that 'tis beft to lay Girders in Fiers; as being the moft {olid Bearings, and thatif
found oaken Lentils are laid under them, they will endure as long as the Drick-
work will remain found.

In Buildings, whole Piers are narrow at the renewing of Lentils, the Piers
will be endangered in both thefe Cafes; for Lentils laid over Windows mult
be laid into the Piers, on both Sides of a Window, and which, when taken
ouat, will make large Frafturcs, that will be very little lefs dangerous than hahe
Qtagr,
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beher, and therefore I fhall fubmit this Point to the Diferetion of the Worl-
mcn,

Lexrivs laid in Piers between Windows, for the Sapport of Girders, fhonld
baye their Length: equal to the Breadths of the Piers: And thofe laid in Party.
walls, or Gable-ends of Building, hould be equal in Length to the Diftance that
is contained between every two Girders, The Thicknels of Lentils fhounld al-
ways be equal vnto the Height of 2 or 3 Courfes of Bricks, and their Breadth
unto a Brick’s Length ; fo thatin every of thofe Particulars, they may be con-
formable to the Erick.work in which they are placed, and to that which is
raifed on them. And for the better difpofing of the Weizht impofed on
Girders, Lentils thould always be frmly beded on a {ufficient Number of fhort
Pieces of Ok, laid a‘crols the Walls, valgarly cailed Templets; which are of
excellens Ule.

LeT Girders be laid in Piers, or in Lentils over Windows. it will, in both
thefe Cafes, be commendable to turn {mall' Arches over their Ends, that in cale
their Inds are firt decayed, they may be reneiwed at Pleafure, without difturbin
any Partof the Brick-work ; and, for their Prefervation, ancint their Ends with
melied Pitch and Greale, @iz, of Pitch 4, of Greafe'r : and indeed, we e
Lentiis to be covered with Pitch and Grealk alfo, it would consribuze very greatly
to their Duration. .

I'r is always to be oblerved, that the horteft Girders bend dowh, or fagw,
as Workmen rerm ir, the leall, and therefore’it is always beft to lay Girders over
the narrow Parts of Rooms, and whofe Eads thould always have cach, ac lealt
14 Inches bearing in the Walls, exeepting in {mall Buildings, where the Front,
Ee. Wallszre buc a Brick and half in Thicknefs;, when to prevent the Ends of
theGirders from being feen withont Side, their Bearings cannot much exceed 11
Inches.

I is zl{o to heobferved, that Girders be difpafed of, that the Boards of
every Floor be parallel throughout the whole loor; for it is as difagreeable to
the Eye, to fee the Joints of Boards in the fame Floor, lie different Ways, asit
is to {ex Steps out of one Room into another; which fhould always be avoided.

Tw the carrying up the feveral Walls of Buildings, it fhould be carefully ob-
ferved to lay in Bond Timbers on Templets, as atorefaid, at every 6 or 7 Feet
in Height, cogged down, and braced together with d'agonal Pieces at every
Angle, which will bind the whole together, in the molt fubitancial Manner, and
prevent Fra&ares by unequal Settlement, ]

Tux Diftances of Girders fhould never exceed 12 Feet, and their Scantlings
mult be proportioned according to their Lengths ; as by Experience it is known,
that a Scantling of 11 Tnches, by 8 Inches, is fufficient for a Fir Girder of 10
Feetin Length, the Areaof whole End is §8 Inches, itis very ealy to find thé
proper Scantling fora Girder of any preater Length, fuppdfe 20 Feet, by this
Rule: As 10 Feet, the Length of the firt Girder, Is to £3, rhe Area of its
End, fo is 20 Feet, the Length of the fecond Girder, to 176, the Area of it8
End. i

Now, tofind its Scantlings, chat beiig multiplied into each gther diall produce
r76 Inches, the Area found, one of them muit be given, wiz. either the Bopthy
or the Thicknefs, In this Example, the given Depth fall be 1z Inches: there:
fore.divide 176 by 12, and the Quuotientis 14 Inches aud 2 thirds, which is ths
atlier Scantling or Breadth required. 7

Lo preventthefdgping of fhere Girders; it (s nival tacut them Canler 5
to cut them withan Angle i the Mid® of their Lenaths, {o thac their Biiddles
fiaall rife above the Levels of their Ends, as many half Inches seche Girdelcon-
taips times 10 Feet.  And indead Girders of the gicatelt Lengths, alibous!
wnfivd, fhoold be eut Camber intholame Mesner. - g

by Plaze L1, L have given three different Hxampies
and in Plate LIIT, Fie L. a fourth: which !:mng in generd f
I therefare fubimir che Gholes tothe Diferetion of the Workman.
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TwE next in Order are Jaiffs, of which there are five Kinds, wiz. Commorn-
oifiss Binding-Joifls, Trimming-foifls, Bridging-Joifls, and Cieling-Foiffs. Firlk,
Common-Feiffs arenfed in ordinary Buildings, whofe Scantlings in Fir are ge-
nerally made as follows, @wiz. Jsifsof 6 Feetin Length, to be 6 ‘and half by
2 and half; of 9!“c'ct, 6 and half by 2 and half; of 12 Feet 8, by 2 and half. But
in large Buildings, the Scantlings are made larger, where it is common to make
Joifts of 6 Feer, 5 by 3 ; of g Feet, 7 and half by 3; of 12 Feet, 10 by 3.

As Qa# is much heavier than Fir, itis cuftomary to make the Scantlings of
Cak-Foifis larger than thole of Fir, but I believe it to be entirely wrong,
for the Reafon before given relating to the Strength of Timber. Secondly,
Biuding-Joifts are generally made half as thick again as Cemmon-Foifis of the
fame Lengths, which are reprefented in Fig, V. and V1. Plate L. by n mgp,
&', and which are framed flufh with the under Surfaces of Girders, to T¢-
ceive the Cieling- Foifls, and about three or foor Inches below their upper Sur-
faces, forto receive the Bridging- Foiffs ; fo that the upper Surfaces of the Brigzing-
Feifismay be exactly flulh or level with the Girder to receive the Boarding. In
Fig. IV. Plate L1. A reprefents the Seflion of a Girder; 44, &, Parts of
two Bimding-Foijts, tenoned intoithe Girder, # @, &e. the Ends of Bridping-
Jeifls ; e ¢ Boarding on the Bridgings ; 4 4, &c. Mortifes in the Binding-joifis
to'receive the Tenons of Cieling-7oifts 5 as alfo are the Mortiles, b ¢, &¢, &r.
But thefe 1aft are thofe which are called Pulley-Mortifes, into which the Cid/-
ing-Joifisare flid. To underfland this more plainly, the Figures £f /£f are add-
ed, which reprefents the Se@lions of fo many Binding-Feiffs; gg, Ee. the
Sections of fmall Joifts between them ; x x a Side-view of a Bridzing-Fuif? 5
and kb b Cieling-Foifls, tenoned in the Binding Foiffs, flufh with their Bottoms,
as aforefaid, to receive the Lath and Plalter. The Diltance that Binding-Toifts
fhould be laid at, fhould not excezsd & Feet, tho’ fome lay them at greater Di-
flances, which is°not fo well, becavle the Bridzing and Cieling-Foi/ts muft be
made of larzer Seantlings, to carry the Weights of the Cieling and Boarding,
and confequently a greater Quantity of Timber muft be employed. But how-
ever, as this Particular is at the Will of the Carpenter, I fhall only add, that
the Scantlings for Bridgings of Fir, having 6 PFeet Bearing, fhonld be 4 by
3. Inches; thofe of 8 Feet Bearing, ¢ and balf by 3; and thofe of 10 Feet, 7
by 3. The Dilance from each other is gencrally about 12 or 14 Inches.
The Fig. ABCDE F G H I, exhibits different Kinds of Tenans for Binding-
oi/fs, which are to be prattifed as Occafions require. ‘The Figures V. and VI
exbibit the View of a ‘Floor over two Rooms, wherein the Girders F F are
laid in the Piers C AD B, In Fig. VI. the Binding-Joifts nmgp, &c. and
rimming “foifts ave reprefented fingly, without the Bridging-Joifls; andin Fig.V,
the Brideing-oifls ae laid on the Binding- Toiffs, as when ready for to reccive the
Hoarding. This Example is given only as a Specimen of thefe Kinds of Plans,
that from thence the young Student may the better know how to reprefent Plans
of Flaors, when reguired,

Txe Figures I1. and I1I. are Examples of Floors made of fhort Lengths,
which | have given for the Diverfion of the Carious,

1o el ARG
OFf Rocfs and their Coverings.

B BF ORE we can proceed herein, 2 Plan of the Building to be covered
muit be made, by which we may acquire a jult Knowledge of the Dimen-
1ions of every Part that will be contained in'the whole Defign, before any Part
of thereal Work be begun ; and by which we fhall 2lfo be taught how to pex-
form every Operation at once in the leaft time; and to account for or eftimate

the Quantity of Timber that will be employed.
Surrost amrs, Fig. 11 Plare L1, bethe Planof aregular Building ta be cover.
ed, which is 30 I'cet by @35 Fest in the Clear within ; st make a Parallelogram,
by
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by a Scale of equal Parts, whofe Length fhall be 50 of thole Parts, and Breadth
25 Paris, which will reprefent the Tnfide of the Building, Secondly, without the
Side and Ends of this Paralellogram, draw Right Lines parallel thereto, at the
Diitance of the Breadth of the Raifing, fuppofe 3 Foot, equal to 1 Part of the
Seale, Thirdly, as the Diflance at which Beams are laid fhould not exceed 10
Feer, on account of the Lengths of Cieling-7oiffs which are framed in between
them ; therefore divide the Length of the Plan, with as many Beams as are ne-
ceflary, as at the Points 47 % /, and # w235 and draw the central Lines of

- the Beamis b2, 7 v, £ %, and /y ; as likewile the central Lines of the Plan i
10, and 2 v, and the Bales of the Hips 22, r2, and 8 s, 85, Foortily,
<onfider the Height of the Pitch, which let be equalto 6, g ; then the Lines ok
and g, are the Lengths of a Pair of principal Rafters, the Angle 5 4 6 is the
Angle or Mould for their Feet, and the Angle 6 g # for their Tops.  On the
Painis 2.and 8, ereft the Perpendiculars 2, 33 2,45 and 8, 7; 8, . Draw the
Lines 4.3, r4, m 7, 10, which are the Lengths of the four Hip Rafters; the
Angle 2 2 3 is the Angle or Mould for, all their Feet, and the Angle a3 2
for all their Tops, and which, with the Lengths of the principal Rafrers being
mealured on your Scake of equal Parts, will give you their true Lengths in Feet
and Parts of Feet. This being done, meke your Raifing equal to the Magni-
tude of the Building, and brace its Angles, as # #, (. which will be a very
great irengthening tothem, Divide ut the Diflances of the Beams, and cog
them down on the Raifings, as at cdef; which is a fecure Method to tie the
Building tagether.  Set out the Mortifes for the Ciehing- Foifis in the Beams, fo
that the under Surfacesof the Joifts may be flulk with the under Surfaces -of the
Beams, and obferve that the Diftancesof the Cieling. Foifls be asrceable w0 the
afual Lengths of Laths, that no Walle be madethereby in the Lathing, 'The
like Caution fhould alfo be taken in the Dillance of Ratters, for very often tac
"Tyler is injured very greatly in the Waflc of his Laths.

Wazgn the Lengths and Angles of the Principal and Hip Rafters are thus
difcovered by the Plan, we mull then confider the proper Scantlings for them,
and for the Beams on which they ffand. When Beams exceed 2o Feet £xtent,
itis always beft to trafs them up in one or more Places, as their Lengths may re.
quire, Beams fhould never exceed 15 Feet in their Bearings, nor Kalters more
than 1o Feet, and efpecially in Roofs of very low Pitch, whofe Covering has 1
anuch greater Prefiure on their Rafters, than thofe of higher Pitches, and which
may therefore in fome Cales excecd 10 Feet. The Height or Pitch of a lof
fhould be agreeable to the Building it covers, and to the Kind of Materials it is
to be covered with,

Tug Kinds of Cevering in England ave four ; wiz, Lead, Pantyles, Plain Ty,
and Siates. Firlt, Cowverings of Lead are, cf all others, the moll beantiful, bug
the Expence being the greatelt, it is therefore never ufed but for 1o cover mag-
nificent Buildings, The Height of Roofs covered with Lead isat Pleature, but
now it is geserally ufed for Roefs that are very low, and which is commonly 2
Niaths of the Bu'ilding‘s Ereadih, which is callcd. Pediment Prtch, &cc:md'iy,
Couerings of Pantyles way be alfo ufed to low Roofs, but the general Pitch is 3
Highths of the Buildingls Ereadth. Thirdly, Cowerings of plain Tyles and Slar s
nave generally the higheft Picch, on account that, when they are laid on low
Roofs, the driving Rains will enter between them, The Pitch allowed for thele
Kinds of Coverings is that, whofe Rafter’s Leogth is equal to 3 Fourths of the
Building's Breadch, and which is called trur Pitch.

To form 1az Trufles for principal Rafters, we mult divide the Length of
the Rafter into fome Number of equal Parts, esch to.contain about 10 Feer ;
and ac thofe Parts place fuch Collar Beams, FPrick-Polls, and Serats, as
are fuficient to. fupporethem, TIn Plate LI are 15 Defigns for the trofling
of principal Rafters, whol: Beams extend 13, 30, 45, 6o, and 75 Feer, and
whaofe {everal Pitches are made agrecable to the aforefaid Coverings, Fig. Q and

R are Edtents 15 Fect cach, thefirlt for Lead, the laft for Pantyles, which
: Uz require
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regaire no Help from Collar-Beams, 5e. but Fig. T, of the fame Extent, being
hicher, and confequently has longer Rafters, mult be helped by a Collar-Beam
placed between them, and for the fame Reafon Fiz. K, whoie Beam extends
30 Feet, mult have two Collar-Beams, whillt Fiz. € and D, of the fanie Extent,
whaofe Pitches are lower, and Rafters are fhorter, will each do with ene Collar-
Beam. J
Wex the Extent of Beams are fuch, that the Lengths of Collar-Beams will
e too great, which fhould never exceed 15 Feer at the moft, the Weight of the
Rafters and their Coverings muft be fapported by Prick. Pofts and Struts, framed
1nto King-Poils, by means of which the Beams will be trufied vp fecure, and the
whele Weight ftrongly feflained. -~ For this Purpofe all the remaining Examples
in this Plate, and thole in Plate LIV, are given, which being in general confpi-
caous, requires verylittle more Explanation.

Int Plats LIV. the Figure B exhibits the Manner of framing the Foot of a
principal Rafter into the End of a Eeam, where ais a Pare of the Rafter, £ £ a
Part of the Beam, and ¢ 4, the Tenon of the Rafter’s Foot in its Mortife. The
Fip. C exhibits the upper Part of a King Polt, with its Joggle 4 4, into which ¢ ¢,
the upper Parts of two principal Rafters are framed, whote Shoulders 4 4 mult
be made troly-fquare to the joggle. The Fig. B exhibits the Manner of fram-
ing the lower Parts of Struts, as b ¢, into the Jeggleata King-Poft, asata b4,
whofe Shoulders fhould allobe fquaretothe Joggle, oras nearly fquare as poffi-
ble ; ## is an lron Stfap, to bind the Beam g ¢ unto the King.Polt B, which
1: bolted through the King-Polt at z .

As the common Method of framing the Trufles of principal Rafters of large

Rioofs, is to lay the whole Weight or the Beam and Covering vpon their Feet,
they therefore fhould be fecured at the Beam with' Ivon Straps, to prevent their
flying out, in cafe that their Tenons (hould fail. According to this Method all
the ‘L rulles in Plazz LIIT. are made; but as I apprehended this Method was cap-
abie of Tmprovement, T therefore confidered, that if under the lower Parts of
principal Rafters, there be difcharging Struts framed into the Beams and Prick-
Pofls, as @ b, ¢ £, Fiz. A. Piate LIV, they will'difeharge the principal Rafters
from the greateft Pare of the whole Weight.
" Twe Trofs, Fig. F, hach its Struts tuined the contrary Way to all the pre-
coding; and the whole Weiaht is taken off the Rafters, by the difcharging
Stintsec and £, for 1he whele Weight that hangs on the King Patt is ful-
tained by the Strats o & and 4 £ which are {altamed by the Prick-Pofts ¢ &' and
b 4 which are fullained by the difcharping Struts ce and bp. In the fame Man-
ner the Welghtsof the Truflfes, Frg. G, M, R, 1,8, and T, are dilcharged by their
(-}if'c!,gr_qing Struts, which are fhaded 1o ¢ uith them from theothers, The
Trofles HL I are for Baildings that have erched Cielings, which: are tied in
by thely Hamme;- Beams 77, inPee: Hy o, 2nd 4, in Fig, L, and 4 7,7and g,
in Fig. N, which mult be made very {cenle (f,:'_ Straps and Bolts, asat & ﬂnﬂ‘f'
in Fip. H. The Frafigs G and 1 admitot Gorrers, - But the Top of Frg 1,
which is called 2 Trunk-Reof, muft be covered with Lead, “I'he Truffes O QR
and § are 'Trudics for M Roofs ; thofe of O'R and 8 are wholly fupported by
their King Polts and Struts, but that of € ajult have its Guiter at 2 fupported
githier with a Pares~Wall or tredled Partitian, as Fig. K, whofe p;incip:ﬁl Poits
are aq, & the Gutter-Plate 44, &c. and Struts . The Trufs, Fig. D, as
alfo; Fig. B, Piate LY. ave for the Roofs of Churchies, which are {uppofed to
be fupported within Side by ‘Coltnins as 4 and ¢

Tug nexrand laft Kind of Roofing, whofe Timbers are fireight, isthatof Spires

on the Towers of Cdantry Churches, a5 Fig. G, Plore LVI. - The Heiohtor
Pitch of Spiresds'from 4 10 5 of the Tower's Diameter on which they Rand.
" As asthe {everal Hips have an equal Inchoation, they do therefore truis up
each other,  The Bale of a Spire 1s cenerally an Oglagon, whele Manner of
framing is exhibited by Fig. A, which _if made of good Os#, and fecurely
polted down on the Heads of eight principal Pofts, fixed op the Sides of the
; Tower,
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Tower, will fand nnto the End of Time, could the Materials endure fo long.
The fecond Example, Fig.C, hasits Spire placed on anOgeeRoof at e £, framed
together as Fig, B, which is reprefented atlarge, and whole Bafe ¢ 4 is framed
together, as Fiz. D. The third Example, Fig. H, whole Spite is placed on a
Lanthorn, is fomething more dificulc than the preceding, and thercfore Fip. F
is given to fhew the Manner of framing the Lanthorn, and Fig. E the Cirb to
the Lanthorn’s Head.

As I have thus given a brief Explanation of thefe feveral Sorts of Trufles for
ftreight Rafters, it will beneceffary to fay fomething of the Scantlingsof Beams
and Rafters before [ proceed any further.

1. OF the Seantlings for Beanis.
#4

Feet. Tnches.
30 [ 6 byy
If the Length Y45 .. ¢ . 9 7
of 2 Beam 6;.: Hf..izng;ngs 10 32
of Fir be 75 ol 165 1o
go 12 105
II. Of principal Rafters.
e firkagry
Feet. Tnches. Taches.
24 5 by 6 7 by 6
If the Rafter ggbzitsScantiings S i S 7
be of Fir, a1 Sat Top fthould< ¢ A R 7%
and its Length 2_605 be 10 =i ie] 9
-3 10 g L1 95

1I1. OF jinall Rafters.
Feet. Tnches.

AX 3
If the Length of S IS its Seantlings 4z by 2
the Rafter be - thould be % ;

Crrovpar Roofs atre the next that come-under onr Confideration, which are,
Firft, Cylivdrical, as Fig. A, Plate LV. Secondly, Spherical, as Frg. G and N.
Thirdly, Spheroidical, as Fip. D, which two laft are vulgarly called Domes,
Fourthly, Tromper-mouth'd, as Fig, C A. Fifehly, Bell-Roofs, as Fig T K.
Sixthiy, Boule or Ogee Rools, as Fig. M. And Lafly, Compound Roofs, as
Fig. Cand L.  And as by Infpection it is plain, thatchefe Roolsin general haye
their Trufles formed by the fame Principles as the preceding, I need ouly add,
that Fig. I is the Plan of a Spheroidical Dome, whofe feveral Truffes are con-
nected together at their Tops by the horizontal Braces, @ ¢, on which the
Laathora D 'is erefled.

Fig, H is a half Plan of the Spherical Roof or Dome, Fig. G, whofe Par.
loins ¢ f 4, and ¢ /> g7 &, are reprefented by the concentricle Semi-circles 5 3.0 8,
and 6 1 2 7, and the Bafe of each Trufsby the central Lines gav, 7.8, s, ta,
and y w. Thefeveral Ribsi or principal trofled Rafrers, mettdiminith as their
Bafes 2 4, x5, {Fc. and may cither be framed into a horizontal Citb at Top, as
av % x ay, orconnetied togetheras in Frg. F, on which the Lanthern Fmay be
erected.

Now as by the preceding we have taught how to find the Lengths of our fe-
veral Rafters, fo give them their proper Scantlings, and to {upport them and
their Beams, in {uch a Manner as the Natare of the Work fhall require, 1 fhall
now proceed to thew,

Hiwo tolay out Rosfs in Ledgement, Fig. IV. Plate LVIL

To lay out a Roof in Ledgement is no more than to lay out the Skirts and
Ends; but thereby is taught how 1o find the Lengths and Angles of every par-
sicular Part, and confequcnily the Quantity of the whole.

ExaMrre
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g Examrre L

Lerabcd, Fig. IV Pate LVIL be the Plan of a Raifing to a fingle regular
hip'd Reof, wherein =iy, 1 3,2 2, #p, are Beams; oz and 2p, the Out-lings of
a Pair of principal Rafters, or the Height of the Pitch, » 4 and » 4, alfo @z and
¢, the Bafe of the four Hips, rs and rg, each equal to o, the Height of the

¢ Hip Rafters, whofe Lengths are 1 5 and ¢ 2. On the Ends ¢ and 4.4 make the
Iioiceles Triangles b ¢ d and @ f ¢, whofe Sides be, de, and & £ fe, are each
equal to 5§, the Length of a Hip-Rafter. Continue thecentral Linesof the Beams
myand npto land x, and to £ and «w, making %=, /m, yav, and pa, cach equal
to the Length and Ereadth of a principal Rafter; and draw the Lines 24, £.and
{4, alfo cavy aw x and #d: This being done, draw in fuch other principal Raf.
ters as are requifite, and between them the Purloyns, as 8, o, 6, 5, 7, e at
Difcretion, obferving not to place any two Purloyns direttly oppolite, whofe two
Moutifes would weaken the Principal very much ; laflly, bewween the principal
Rafters draw in the fmall Rafters; and then the Lengths and Anglesof every par-
ticular Part of the whole Roof will be determined, and from which a juit Eiti-
mate of the Quantity of Timber that will be employed therein (Regard being had
to the Dimenfions or Scantlings of the feveral Parts as aforefaid) may be made.
In Fig. VL. the Angle O P R being equal to the Angle 4 p », in Fig. IV, there-
fore the Angle ac P 1s the Bevel of the Feet of the principal Rafters, asthe Angle
at O, for the fame Reafon, is the Bevel of cheir Tops ; and the Angle SBR,
Fig. V. being equal to the Angle s &7, in Fig. IV. therefore the Angle at B is
the Bevel of the Feet of the Hip-Rafters, and S is the Bevel of their Tops. The
Fig. A B, on the left Hand, exhibits 2 Joint made by a Purloyn and a Hip, as
by a £, and the Purloyn 12, 14, the Meafure of whofe Angle is the Arch 13, 15.
Fig. V1L reprefents a Pair of principal Rafters trufled up, on whofe Prick-Poits
is placed a Cupola, asefig .

Tre nextin Order is, to find the Angles of the Jack-Raftersagaintt the Hips,
and to back tkie Hip Rafters. L

As Jack-Rafters are parallel to one another, therefore all their Angles againft
the Hips are the fame.

Up make the End of & Jack-Rafiie fie to the ufright Side of a Hip-Rafier,

TuerE are 1wo Angles to be farmed, that is, the oue upon the uppel Surface
of thé Jack-Rafter, the other on its Sidesfrom the Ends of theformer. The Angle
onits upper Surface is the Anglemadeby theupper Edges ofthe Jack and Hip;and
which is that, that every Jack Rafter makes with the Hip-Rafter in the Ledge-
ment, as every of the Anglesberween ¢ and 4. Therefore from your drawing
in Ledgement, {et your Bevel to oneof thofe Angles, and the feveral ]ack-R;\ﬁm"-;
being cui to their r(:i'}:ct'ty.'c Lengihs, at their upper Ends ontheir upperSurfaces,
apply that Bevel, and defcribe the upper Angles. Thisdone, take the Mould 8,
made for the Tops of the principal Rafters, and apply it againit theSides of each
Jack Rafrer, at the Ends of the Angle on their upper Suifaces, and by its vpper
Fioe deaw Lines; then from the Line of the upper Anzle, through the Lincson
the Sides, fuw through the Rafter, and that Cut will be the Arngle reqeired.

To find the dngle of the Back of a Hip-Rafter.

Frowy the Point ¢ let fall a Perpendicalar, as ¢ 4, oo the Hip fz; make ¢ ¢
equal toch; alio make a7 equal to ac; draw the Lines cgand g7, and the
Avgle ¢y i will be the Angle or Back of the Hip required.

Exsarreldl. Fie, V. Piote LIX.

Txi1s fecond Dxample is of a regular double Roof, which is hip'd as the pre-
ceding, with Valleys within=fide.

The Qut-lines of this Planare a f g &, wherein 5B, BE, E7 and 7 5_are the
Ridues, @ B,E £, i k and b g are the Hips, b AC,BAC, D A E,and DA i are
the Valleys, A C. DA the Gutter, [¢ the Height of the Pitch, pzand 4» 2
Pair of principal Rafters, @ f and ¢ 4 Hip-Rafters. By the laft h'.xnnplc,‘ lay
out the Ends ;¢ i &, and @ Bhg, allo the Skirtsab¢ fand g A T £; conninue g 11
tor, £l tod ebter, and f ¢ 1o 4, and hecanle the Lengihs of the Valleys are

equal

P
i
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equal to the Lengths of the Hips, therefore make H¢, T4, b¢, and de, each
equal to one of the Hips, as T £, and draw the Lines ¢ 4 and c4: This being
done, draw in all the principal and {mall Rafters at Dilcretion, and then the
whole will be compleied, as required.

Examrprr III. Plare LX.

"Tats third Example is of an irregular double Roof, whofe Ends are hipd,
and whofe Planis ¢ p2=zy =, wherein rs, so, oI, To, m®, and =, areits
Ridges, ¢ 5, 2o, 21, 27, v andr x are its Hips, ¢, £g, and 2w are the
Valleys, av'g 2 Guiter, and m 1oz aFlat; 34 5 and 5 78 are two Pair of
principal Rafters, ¢s, » x are the Bafes of the Hip Rafters, # 1z, and 1 3, =,
po, and 2 1 are the Bafes of the Hip-Rafters, 2, 1 4, and pr; = m is the Bafe
of the Hip-Rafter = 1 6. and @ y of the Hip-Raftery 1 7.

On the Points s and r cret the Perpendiculars. s t 2, and » 1 3, each equal to
the Height of the Pitch, and draw the Lines 12 ¢, and 1 3 », which are the
Lengths of thofe two Hip Rafters, Inthe fame Manner, on the Pointso, 1, 2,
w, erct Perpendiculars of the fame Height, and draw the other Hip-Rafters :
This done, by the firft Example lay out the whole in Ledgement ard fill up the
feveral Skirts and Ends fgz b4, /4, ¢ a, and 4 & with their principal and fmall
Rafters, which will complete the wihole, as required.

Note, 17 the drawing be made on thick Paper, and the whole be cut out by
the Outlines, you may, by bending the Drawing on the Lines of ‘the Eaves
and Ridges, fold up the whole, and thereby form a real Model of the Wark
to be done.

Examrre IV, Plare LVIILI,

Tuis Exampleis of an irregular Roof, whofe feveral Anglesare bevel, where-
in 2 saqis the Plan, 1165 12, £35 13,/; and 14,6; are the Beams over
which the principal Rafiers are to ftand.

Lzt the Line ¢ » be the Bafe of the Ridge, which isto be placed at Pleafure,
and let ¢, ac, and # s, ng bethe Bafes of the 4 Hips; on the Points egé» eret
the Perpendiculars ¢ d, g f, #4, and # m, which make each equal to the Height of
the Pitch, and draw the Lines 411, de; f12, fhii13,i; m14, mo; which
will be the Lengtns of the feveral principal Rafters. Acthe Points ¢ and », erect
the Lines n#, #p, and cw, ¢4, perpendicular to the Bafes of the Hips, and each
equal to the Heights of the Pit¢h, and draw the Lines r@, 4 &, and »s, pg,
which are the Lengths of the feveral Hip-Rafters ; makes x and x ¢, the Sidzs
of the Scalenum Triangle s x g, equal to r s and pg, alfo # awand aw a, equal to
t @ anda f, which will complete the Ledgement of the Ends. Make 14, z,
equal to the principal Rafter 14 #, and sz equal to the Hiprs; allo makeo
equal to the principal Rafter o m, and gz equal to the Hip s ¢; allo makeey
equal to the principal Rafter de, and @y equal to the Hip wua; alio make 8y
equal to the principal Rafter 4 8, and 7 y equal to the Hip # «. Make y W and
3 Y eachequalto ¢ s alfo WX and YZ each equal to g 4 ; alfo X= and Zz cach
equal to £z Draw the principal Rafters 12 W, 13 X, and 4Y, /Z. Lallly,
draw in the Pwloyns 21, 22, 20, 23, 24, at Difcretion, and they will complete
thewhole Ledgement, as required. -

As the Beams lie obligue to the Raifings, therefure all the priscipal Rafters
mauft be backed, which is thus. performed.

Ler de, Fig. E, reprefent that Part of the Raifing that is at the Foot of the

principal Rafter ¢ ; alfolet C E reprefenta Partof the Beam 21 ¢; and & the
lower Part of the Rafier 4¢3 and make the Angle D I C be cqual to the Angle
doec,
. Fromthe Paint y, in Fig, E, ercél the Perpendicular 3. ;-then the Fortof the
Rafter being made equal to the Angle DEC on the left-hand Side, fei ofF the
Diltance z x, and from the Poinsx ftrike a Chalk Line up the Side of the Kafter
parailel 1o its upper Edge, and then a Fleteh being cutoff from v, the righe hard
Angle to the Challe Line aforefaid, the Rafcer will be backed, as rﬂ:iui:'-ud.

aviced, as

bx the (ame Manner the other Rafters £, i/, mo, &c, mulibe
: expicilcd
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exprefied by the Fioures H Land O. And the AnglesDE C and E B C, in iz
E, being equal to the Angles de ¢ and & d¢, &5e. are the Moulds for the Top and
Foot of the Rafter ¢, &c.  The fame is alfo to be underftood of the Moulds
of the feveral Hip-Rafters, in Figures T VC, RN S, DCE, and P NQ, whole
Angles are equal to the refpefiive Angles of the Feet and Tops of thofe Hip-
Rafiers againlt which they are placed.  The next and lalt Worlk is to back the
Hip-Rafters, which 15 done by this geéneral Rule.

Turouven any Part of the Bale Line of a Hip-Rafter, as the Point 10 in #9,
drawa Right Line asg 8§, at Right Angles, cutting the Our-lines of the Raifing
in the Points ¢ and . From the Point 1o let fall a Perpendicalar on the Hip-
Rafrer p g, as 19, 0; make 1o, 2, equal to 10, 0, and draw the Lines gz and
2z 8, then the Angle g2 8 is the Angle of the Back of the Hip p 4, as required.

| L0 e R 2 g
OF the Mauner of deferibing Angle Brachkets and Hip-Refters in poligonal Rogfs.

S Brackets are uled very frequently in Buildings. I fhall therefore fhew
how to find the Curvatere of any Angle Bracket by one general Rule, as
fellows. ‘

Ler A, in Fig. VI, Plate LIX. be a Front Bracket given, whofe Height is 44,
its Projection a &, and its Curve a Cavetto; and let the fhaded Parts 44 reprefent
an Angle of a Building, againft which the Cove is to be fixed.

Draw the Lines a b.and /7 parallel to the two Sides of the Building, at the
Diftance of the Projclion of the Front Bracket ; and draw 4 # the Bafe of the Front
Bracket, and 4 the Bafe of the Angle Bracket; divide % ¢ into any Number of
equal Parts, as at the Points 6, 5, 4, 3,2, 1, 20d draw the Ordinstes 6,8; 5.9 3
4, 103 3 11 ; e divide /£ into thefame Number of equal Parts as 5.¢ is di-
vided, which will be done by continuing the Ordinates of 7 ¢, until they meet
£f m the Points 6, 5,4, 3, &', whereon ere&t the Ordinates 1, 13 3 2,12 3
3s 113 & equal to the Ordinates 1, 133 z, 123 3y 11, e, on the Line
7 ¢ ; and through the Points 13, 12, 11, 10, g, 8/ tracethe Quarter of an
Ellipfis, which s the Curve of the Angle Bracket required.,

By the {fame Rule, all other Kinds of Angle Brackets may be deferibed, and
which 1s very evident.

By Fig. L IL IIL IV. VI VIIL IX. which exhibits all the Varietics of
Brackets, at acute, right, and obtule Angles; and wherein the Front Bracket in
each Example is cxprefied by the Capital A, and the Angle Bracket by the Ca-~
pital B.

Tiie Corvatures of Hip-Rafters to polygonal Roefs, that is, thofe whofe Plans
are Polygons, asthe Figures I LM N, Plate LV, are alfo found by tranipofing
the Ordinates of a principal Rafier (which muft be given) upon the Bafe of a
Hip-Rafter. -

Surrost, in Fig. I, a 4 to be the Bafe, over which the Cavetto principal
Rafter ¢ dis to ftand, and let 2 ¢ be the Bafe of a Hip-Rafter. Divide 4 4into
equal Parts, and draw the Ordinates 2, 1 3 4,35 & on the Line ad; divide
@ ¢ in the {fame Manner as ¢ 4, and on the Line 2 ¢ draw the Ordinates i 3
343 5y 63 &e and from the Point 2, throuzh the Points 2, 4, 6, 8, &e.
trace the Curve ofthe Hip-Rafter as required. In the fame Magner, in Fig L
the principal Rafter ¢ 4 being given, the Hip-Rafter 4 ¢ is found ; as alfo are the
Hip-Rafters b2 in Fig. M, and ¢ ¢ in Fiz. N, the principal Rafters being firlk
gi'i"ell.

LEE€T. XXV.
OF tbe Formativi of the Heady ¢f Niches.

TICHES, guef N, ‘o Nefts, of old Concba, were a Kind of Platews, ot
L {mall Tribovals, and are focalled by the Fafians to this Day, wherein
Siatucs are placed to proted them from the Injuries of Weather. ‘The Heads of
Hactos are made 4 difictews Ways, as, /%, with Bricks 5 Jfecondly, with Stone 3
: Hrirdly,
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#kirdly, with Ribs or Quarters, lathed and plaiftered, or covered and lined with
{lit Deal, &, and, laftly, with divers Thicknefles of Plank glew'd upon one
another.

Trouse made with Bricks or Stone are built upor Centers of Weod, W!‘ric]:i fre
the very fame as thofe which are covered with dlit Deal, and are of two Kinds,
@iz, theone femi-circular, the other femi-elliptical. cee

L 7o make the Center for the Head of @ feni civeslar Nichy Fig. VII. Plate LX,

Malke a femi-circalar Raifing, equal ro the Plan of the Niche, and cut qur a3
many Ribs as are neceflary, cach aqual to half the Curve of the Raifing, and of
the fame Curvatare ; cut oot the curved Front, whofe Breadth is ac pleaiure, and
whofe Curve mult be equal to that of the Raifing « This done, fix your Front.
piece on the Ends of the Raifing, and then the Diftances of the feversl Ribs being
fct out on the Raifing, as at the Points cd ¢ S ghi &1 £x thereon the feveral
Ribs, which conne@ together at 4, and then will they be ready 1o receive their
Covering and Lining alfo, if required. ' : : FEREIA

To csver or line the Head of @ Niche, Fig. K. Plate LVI. ol

L¥T a fc be the Plan of the Head of a {femi-circalar Niche, and complete
the Circlea fed.  Draw the Diameters g bc, and 44 f, continted out towards
e at Plealure. Make £ r, and £ s, each equal to 1 fourth of a £; then £ 5 will
be equal to half 2 £ and draw the Lines héand b Divide b & into any
Number of equal Parts, and draw the Ordinates 1,85 2595 2,10 & “and
on the Points where thofe Ordinates cot the Semi-diameter & 4, with the Ra-
dius of each Semi-ordinate, deleribe Semi-circles, as the dotted Semi.circles ia
the Figure. Make ¢ 2 equal to the Curve a f. Make fFpequal tog 1; fo
cqual 0 & 2, £xequal to a 3» f 7 equal to a4, £ lequal to « 53 Sk equal
t0 ab, and sy equal to 2 7. . On the Point & defcribe the Arches 13, I4; 11,
1259, 10, &e. Biled the half Part of each of the dotted Semi circles, as fe
ins I 8inz, 30104, 5 10105, 7 1rin 8, g Iz in Ts, 11 13 in 1z, and
1314in14, Make £ 5, and / g, each equal to half the Arcafi; p 1, and 22,
cach equal to half the Arch 1 2; 4 3» and o 4, each equal to half the Arch
34; and {o in like manner, 55 and § 6, to half the Arch s, 6, & From
the Paint ¢, through the Points 12, 11, 9, 7, &e. and 14, ¥2,- 10, 5%, trace
the Curves ¢4 and ¢ z; then fonr fuch Pieces, as ¢ &g, will cover the Head of

" the Niche, as required, i

Note, Tr the Niche be to he lined, then the Diameter of the Circle, bcing
made equal to the infide Diameter of the Niche, the Iming may be found in the
fame Manoer, ‘The {ame Method is alfo to be ufed, for the covering or lining
of 4 Semf ¢lliptical headed Niche, as is plainly {een by Fig. O, where every of
the fame Operations is performed on the Plan of an Elliplis, and where# 4 s is
the Covering for | eighth of the whole Hemifpheroid, ;

Afometimes the Niches aro made |'emi-polygon.-il, it is neceflary to fhew their
Covering alfo, and which is of great Ufe in the Covering of polygonal Roofs, as
thofe of Eanquc:ing,l-loufes, Tlurrets, &5¢. Ay

Lzt Fig. L, Plate LVI. be 2 Plan given, whofe principal Rib or Rafter is
¢d, and Hip 6 e, Make the Leagth of £ £ equal to the curved Length of ¢ 4,
and draw the Lines gaand b 4. Draw the Odinates to the Ppringipal Rib
cd onits Bale a 4, Make the feveral Diftances # 7, 1, 25 2, 3, on the Line
& f, cqual to the feversl Parts of the princial ¢ 4, as they are divided by the
Ordinaces, making £ / equal to the firft Part from d; 1, 2, equal to the fecond
Pary, 2, 3 equal to the third, &e.  Divide £ 2 in the fame Froportion as 2 4,
at the Powts 1, 3, 3, &5, through which draw right Lines paraliel to g 5, to
terminate ac the Lines g2 and % 4 ; alfo through the Points 1, 2: 3; inthe Line
# fdraw right Lines ar Pleafure, and parallelto g 5. Then making the Lines
L7352, 85 3, 95 & oon the Line # 7y equal to the Lines I, 73 2,83 3, g3
Fe. on the Line £ a; and from £ through the Points 13, 12, 11, &7e. to s,
trace the Curve £, In the {ame Manner trace the Curve fg-  Then the Pieca

2" g b, being bended vp, and laid on the two Hips that fland over the Lineg «

b4 and
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and l:d 2, will be the Covering for that Side of the Roof or Niche, as re-
aired. ‘

Nete, The Covering to the two Ogee Roofs M and N, and the Cavetto
Roof 1. are found in the fame Manner, as is evident to Infpediion.

IL To make the Center of the Head of a femi elliptical headed Niche, Fig. IX,

X, XI. Plate LX.

Let b fd, Fig. XI. oreb g, Fig. X. be the Plan of an elliptical-leaded
Niche. Firlt, Make the Raifing and Front, each equal to the Plan, and fix
them together. Secondly, Cut aur the middle Rib, whith is 2 Quadrant. whofe
Radius isequalto £, and fix iton the Raifing at /, and to the Frant-piece at
a, as in Fig. IX. which will keep the Front-piecc in its true Pofition. ‘This
done, fet out the feveral Diftances of the other Ribs. asat g 4 i &, &'c. in Fig.
XI. and draw the Lines g 4, b a, i @, aod £a. Thudly, If the Lines g a,
b a, ia, and 4 a, be each confidered as the femi-tranfverfe Diameters of {o many
Ellipfes, whole feveral femi-conjugate Diameters are each equal to the femi-
conjugate Diameter @ 7, then one half Part of every of thofe Semi-ellipfes will
be the true Carves for the feveral intermediate Ribs, that are to fland on the
Raifing, at g 4 i k, &e. and which being connefted together, as:at ¢, in Fig.
1X. and either covered or lined, by the Rule before dclivered, the whole will
be completed, as required.

1L 50 make a femi-circular beadd Nicke, with the Thickne(fes of Boards,

Planks, &c. glewed upon one anotber, Fig. XIV. Plate X

FirsT, let ¢ 2 e be the Face of the Niche, defcribed on a Wall or fzt Pan-
nel, E7c Divide its Height t @, into foch equal Paris, as will be agreeable
to the Thicknels of your Plank, as at the Points 4, 7, &¢ thra’ which draw
right Lines parallel 3 ce.  On the Tdge of your Plank fix a Center, and de-
{cribe a Semi-circle thereon, equal to the Plan of your Nich ; apply a Square to
the Center, and draw a Line on the Edge to the other Side, to find the oppofite
Center, whereon, with a Radius equal to 4 6, defciibe another Semi circle ;
then with a turning Saw, cut through from ¥ Semi-circle to the other, and then
your firlt Thicknefs is made. Secondly, on the Edge of your next Piece of
Plank fix a Center, and thercon deferibe a Semi-circle equal toche laft.  Apply
2 Square to the Center, and find the oppofite Center as hefore, whereon with
the Radius 7 g, the haif Length of the Line that pafies through the next equal
Part, deferibe another Semi-circle ; and with a turning Saw, cut through from
one Semi-circle to the other, and then is your fecond Thicknefs made. Pro-
ceed in like manner with all the remaining Thicknefles, obferving to make the
under Semi-circle of every Piece, equal to the upper Semi-circle of the next 1aft,

and which being slewed together, when the whole is dry, clear off the Infide, .

with a circolar {moeothing Plane, whofe Curve is fomething quicker than the
Curve of the Niche.

1V. 9o makte @ fomi-eliiptical beaded Niche, wenls the Thickuelt of Boards,

Planks, &c. pleaved nper one ancrlber; Fig. XV. Plate LX.,

Ler dbe reprefent the femi-elliptical Niche required. Divide its Height
a binto equal Parts as before, Makea & ¢, Fig. X111 equal to ba 2, Fiy. XV.
Makea ¢, and ¢ &, at right Angles, and each equal to e &, the Height of the
Niche, Fig. XV, and on ¢ deferibe the Arch @ 3. which reprefents the middle
Depth of the Niche. Divide a¢, Fig. X1, and o é. Fig. RIIL {which are
each equal to & a, the Height of the Nich, Fig. XV.) into the fame Number of
equal Tarts, and from thofe Parts draw Lives parailel to ¢, and &c; then
will the Parallels in Fip, X111. be femi-wranverle Diameters, and the Parallelsin
Fig. X1L will be femi-conjugate Diameters of the {everal Ellipfes, which are
to be deferibed on the upper and under Surfaces of the feveral Tickneifes of
Planks, &¢. in the very fame Manner as the Semi-circles in the preceding Ex-
ample, and which being glewed together in like manner, will form a femi-
elliptical headed Niche, as required.

LECTURE
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LoEICST R B XV
Of Timber Bridges.

B RIDGES of Timber differ very little in their Troffes from thofe of
; Roofs, asis evident by the feveral Defigns in Plage LXI.and LXII. In
#late LXL. 1 have three Defigns ; that of Fig. IV. is an Aperture equal to
50 Feet; that of Fig. I to 45 Feet; and that of Fig. V., to S0 Feet. The
£1g. 11 is a Sedtion of the feveral Profiles, whofe Breadth is equal to 50 Feet.
The Piles that fupport the Trufles of thefe feveral Defigns are fuppofed to
rife a fuflicient Height above the flowing of the Water, fo thar the Joints in
the feveral Truffes ereed thercon may not be affeled thereby ; and when the
Depth of a River is fo great, that the Length of Piles above the Bed of the
River muft exceed, when driven, 25 or 30 Feet, then Super-Piles meft be
erefled upon horizontal Beams, mortifed down upon the Heads of the lower
Piles, as in every of thefe Examples. The Scantlings proper for Piles to
fuch Bridges fhould not be lefs than one Foot in Diameter, at the Middle of
their Lengths The Fig. 1. reprefents Part of the Plan, with the Rafe of two
Trufles, 2 and 4, whofe Diftances in the Clear fhould not exceed 1o Feer; be-
caufe on them the Joifts which carry the Floor of the Bridge are laid. The
under Piles muft be fhod with Iron, that they may the better penetrate through
the feveral Stratums of Earth, into which they are to be driven. Before Piles
are driven, the whole Weight of the Framing that is to come on them, and-
the Weight of the Planking on the Joifts, Clay, Gravel, Pavement, & fhould
be eftimated nearly to the Trath ; otherwife the Piles cannot be driven with
any Certainty, and which is thus to be performed, @iz Divide the toral Weight
to be fuftained, by the neceffary Number of Piles, and the Quotient will be the
Weight thar each Pile is to fupport. Then each Pile being driven until it re-
filt a Force much greater than the Weight it is to fupport, it may be depended
i4.311, that afterwards there cannot be any Settlement by the Weight it is to
uftain. : ;

Trz Scantlings for the Beams of Truffes thould be about 12 Tnches by g
Inches, as alfo thould be the feveral King-pofts. But the Struts and Joifts need
not exceed g by 6 Inches, and the Planic on the Joifts being made 3 Inches in
Thicknefs, will be {ufficient. Before the Timbers are worked (which 13 fup-

ofed to be of the beit Oak) *tis beft to cat them out to their Scantlings, and
ay them in a running Water for a Month at the leatt, to f{oak out the Sap,
which is very deftruttive, and then dry them throvghly over a Saw duft Heat,
&'c. before they are worked. If this be carefully done, and the Work kept
dry whillt working, and being truly framed, there will be no fagging in the
Worlk, asufually happens by the fhrinking of the Timbers, when they are not
thus flrinked before working; nay, I have experienced, that Timbers fo pre-
pared have always {ielled afterwards, and made the Joints much clofer than
vehen firft puc together. It is alfo advifable, for the better preferving of the
Tenons, that every Mortile and Tenon be well coversd over with a good Body
of white Lead, and boiled Linfeed Qil, which will endure along Time, and wil}
not permit any Rains to enter the Mortiles, to the Prejudice of the Tenons..
The Ends of the Joifts fhould alfo be covered with brown Paper, dipped in Pitch,
and Sheet-lead laid over the Paper. And for the more cffedtnal preferving of
the Plank and Joifts, the Plank ought to be covered with a firong Clay firmly
ramm’d down usto about g Inches in Depth, on which the Road of Gravel and
Pavement, or Gravel only, of a fufficient Thicknefs is to be laid, with a Rifing
in the Middle, to difcharge hafty Rains to the Sides, 2s exhibited by B, in Fig. 1.
Plate LX1I,

IN Plaze LXTI, are two other Defigns, eachof 100 Feet Opening, which I
tade for the New Bridge at /Pefiminfler ; but believing that Interett was pre-
dominant to real Merit, I cherefore declined to trouble the Honoarable Com mif-

Xz fioners
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fionets therewith, as I have now the Publick, in hopes that they may be of forié
zwlp to [avention, if not worthy of being put into Prattice, over Rivers, where
large Openings are required.

Tk Defign, Fig. IL is of prodigious Strength, as beinga double Trufs, and
whofe Timbers are fo fized together, that not any Pert of the whole can fag
the hundredth Pait of an Inch, they being prepared before worked, as afore-
faid.

« Fig. I isaSe@ion of the Breadth of the Bridge, wherein A A, e, repre-
fents the feveral Truffes, for the Support of the [vifts and Roads: A and C
reprefents the Foot-ways, each 1o Feet in Breadth; and B, the Horfe-way, 30
Feet in Breadth.  As the Officers of the Strats e def & [ } i, &'¢. are cbvious
to every difcerning Eye, Tneed not fay any Thing thereof.

- Tuw Fig. V. contains a double Defign, the Struts on the Sidé G being dif-
ferent from thofe on the Side H. Both thefe Defigus are of immenfe Strength ;
and as the whole is laid on Stone or Brick Piers, which rife above the flowing of
the higheft Tide, 2 Bridge of this Kind will be of very great Duration, Asther¢
is fome Difficulty to lay Foundations for Stone Piers in Rivers thatare affeéted
by Tides, and as in wooden Bridges the molt early Decay isin that Part of
the Piles, that are affefled by the rifing and falling Waters of the Tides, there-
fore to avoid both thefe Inconveniences, {ich Piers may be thus erefied, wiz. Con-
fider the Weight of la Pier, and the Weight that the Pier is to carry. Af-
fign the Place in thi River where the Pier is to fland ¢ Bore the ‘Ground for
15 or 20 Feetin Depth, that a Judgment may be formed how long the Piles
mult be, This done, drive a Range of Piles, dove-taild together, atabout 15
Tnches, without the Upright that the Stone Pier is to be ereéted, all round the
Limits of the Pier, and the like exaftly under the Upright of the Pier. Thefe
two Ranges of Piles form within the Ground a ftrong Enclofure, about the en-
cempafled Earth on which the Pier is to fland. Within the Limits enclofed
drive as many Piles as fhall be thought fofficient to carry the Weight, and
which thould be driven nearly all equally ; that i, firlt, to drive them all to
fuch 2 Depth; as to keep them upright in their Places: Secondly; to drive
them all about z Feet lower, and then all two Feet fower again ; and fo on, un-
til each Pile be firmly driven, as aforefaid. By this regular driving down all
the Piles together,.they will caufe the inclofed Earth into which they are
driven, to be equally comprefled, ard of much greater Compadinefs than it was
before, aj being confined by the double Ranges of Piles firft driven.  When all
the Piles are thus driven, their Heads muft be fawed level, at about 18 Inches
below the Susface of the low Water; and to render them imperithable, the
whole muft be filled vp with ftrong Clay, let dewn in large fquare Pieces,
worked very ftiff, and well ramm’d, which 1s 2 Worlk eafy to be performed, al-
thongh the Depth of Water fhould be 20 Feet. When this is done, prepare a
double Fleor of Oak Timbers;, free fram Sap, each Floor about 10 Inches in
Thicknefs, pin'd down one on the other, o that the upper Timbers lie at right
Angles a-crofs the lower, - Fixthis. Floor on the Piies, and thercon eréét the
Stone-worle, to any Feight required. “The nest Work is to fill up the Space
between the onter Range of Dove-tail'd Viles, and the next inner Piles, to pre-
{erve the inner Range from being injured by the Flux and Reflux of the Tide ;
and which being firmly performed, the whaole Fonudation will'be rendered as
imperithable, as wereall the Piles diiven into the very Bed of the River, as be-
ing fecared from the Adtions of both Airand Water, T'he outward Range of
Tiove-tail'd Piles are all that are liable to decay, and as their Office is no more
than to fupport the outward Caleof Clay, which is there placed to preferve the

. pextinner Range of Piles, they are eafily and foon repaired, as their Decays
" pecur.

= Nate, The ovter Range of Piles maft be made of fuch a Leugth, asto rife
fomething above the Levelof High-water; aud liorizontal Beams being mortifed
down on their Heads, with herimontal Ties laid through the Thickuefs of the

Pier
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Tierin fmall Arches turned for that Purpofe being cogg’d down on the Beams,
they will be a lafting Prefervative and Defence to the Piers, againit all the Infults
of tempeftuous Weather and Navigation that can happen. >

Nate, 1f the Depth of Low-Water be any thing confiderable, it will be a very
fecure Way to drive a Range of oblique Piles, juft within the Limits of the up-
right Piles, as Braces, to fieady the next within, from inclining either way by the
Weight of the Pier.

1r inftead of Timber Trufles, 'tis required to make Arches of Stone, a fuf-
ficient Number of Piles muft be added within every Pier, that, with the others,
will be capable to carry the additional Weight of the Arches.

Note alfn, That Piers built wich well bornt Bricks, laid in Terrace, on a Bafes
ment of large Blocks of Stone, about 3 Fect in Height, will be much cheaper
than being made entirely of Stone, and of longer Duration: For well burnt
Bricks do not decay fo faft as Port/and Stone, which is very evident by St. Panls
Cathedral, where the Stone in many Parts of the Sexsb Side is already decayed
mare than the 1oth Part of an Inch.

LECTURE XXV
OF Brick and Stone drches to Hindivs, Doors, &c.
Y. OF fireight, circulur, clliptical, Gothick and rampant Arebes in fireigh? Walls,
Plate LXIII,

N this Plate is exhibited 13 Kinds of Arches, of which Fig, I. ITL. III, IV.

V. VIL. VIII. and TX. are Arches of Brick-work, and the others of rufti-
cated Stones, In Flg. L. and JII. the Diftance of the Center, to which all the
Juints-have their Sommering, is equal to the Breadth of the Window ; but thofe
of Fig. 11. and IV.is tiie Center of a geometrical Square, whole Side is equal
to their Breadth. Fig. V. is a femi-circular Arch, whofe Joints fommer to its
Center.  Fiz. VIL and IX, are femi-elliptical Arches, the firft on the conjugate
Diameter, and the laf on the tranfverfe Diameter: The Courles in Fig. V1I. are
divided ontheinner Carved /77, and outer Curve 2 ¢ #, into the fame Number
of equal Parts, as alfo is the right-hand Side of Fip. 1X. whole lefi-hand Side
has s Courfes Sommering to ¢ and / the Centers of the Elliphs,  Fig. VIIIL isa
Gathick Arch, whot: Courles have the fame Sommerings ag thofe of Fig. IX.

I's all thefe Cafes the only Thing to be obferved is, that the Number of Courfes
into which each is divided be an odd Number, that thereby the middle Courfe
may be perpendicular, and that the Breadth of cach Courle on the upper Partof
the Arch be fomething lefs than the Thicknefs of a Brick, to allow for rubbing..
The rafticated Arches, Fig, V1. X. XT. and XI1. have the fame Sommering as
thofe of Fig. V. V1L VI1l. 'and 1X.

! To dizvide their Key-fiones and Ruflicks,

Duvivzreach half Archinta g equal Parts, as in #ig. V. give1 to half the Key-
flone, the next 1 g to its Counter-Key, and 2 to each Rultick and Interval, as
the Figures exprefs,. . The like is alfo to be obferved in all the other Arches.

‘Twe Arch, Fig. XITL is'a rampant Semi circle, whofe Curvature may be de-
feribed by Pros, XIX, Leit, IV. Part I or as following. Let £ 4 be the
Breadth, and £ g the Height of the Ramp; draw g 4, and in the Middle of £4
erect the Perpendicular ¢ o, of Length ac pleafure ; alfo draw the Line g » paral-
lélto £4.  From the Point of Interfetion made by the Lines g 4 anﬁfﬁ, fet
up half the Breadch of ‘the Opening to @, and draw the Liness gand a b
Bifect p a in 2, and 2 b in o, and eretl the Perpendiculars 2% and s p; then the
Point # is the Center of the Arch g 4, and pis the Center of the Arch 44, which
divide into Rufticks asin Fig. VI. Then the Length of the Rufticks mull be

. eqtial toX of the Opening, and of the Intervals to £ of the Rultick, as éxhi-
bited by ¢ /7, Fig. VL

1. Of fireight, circular and ellistical Arches in eireular Walls, Plate LXTV.

Tre firlk Work to be done is the making of the Centers 1o rurn thefe Kinds
of Aiches npon, which may be thus perform’d. LetG H 1 K be the Plan of a

circular
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circular Building, and at Fig. V1. "tis required to malce 2 Center for 2 Semi-cired-
lar Arch to the Window, whole Diameter without is 2 4, and within » ». Bifect

adin f, and delcribe the Semi ciicle 2 p 4. Divide 2 4 into any Number of
equal Parts at the Points 6 4 2, &¢. and draw the Ordinates 6, 6; 4, 4; 2, 2 ;

&5c. Divide# m into the fame Number of equal Parts, and make the Ordinates

6, 57 4 3; 2,15 &e. cqual to the Ofdinates 6, 6; 4, 4; 2, 2; £, and

through the Points 5 3 1 &, &¢. trace the Curve n & 7, thena p 4 and # k m will

be the two Ribs for the Center : This being done, place the Ribs perpendicular
over the Lines @ 4 and # 1, and cover them, as Centers ufually are, and then

applying the Edge of a Plumb-rule to the divers Parts of the In-fide and Qut-fide

of the Window’s Bottom, the Top of the Rule will give the feveral Points at

which the In-fide and Out-fide of the Covering is to be cut off, fo as to fland

exaétly over the In-fide and Out-fide of the Building, and then the Center will

be completed, as required.

To diwide the Conrfes in the Arch of this Windsav,

Ox a flat Pannel, &', draw a Line, as b ¢, £ig. VII, make 2 o equal to the
Curve z ¢ 4, alfo make g £ and o ¢ each equal to the intended Height of the Briclk
Arch. Make £ p in Fig, VIL equal to ¢ p in Fig. V1. alfo make a # and 4 ¢ in
Fip. VI. each equal to b s in Fig. VII. then the Points 4 and ¢ will be the Ex-
tremes of the Arch. Make p » in Fig. VIL equal to & 2 the given Height of the
Arch, and through the Points 4 » ¢ and a p o defcribe two Semi-elliples, which
divide into Courfes as before taught, and which will be the Face of the Arc
required. 3

To find the Augles or Bewels of the Under part of each Courfe.

Counrtivue the Splay-Backs of the Window m # and # & until they meet in F.
On F, with the Radias F # and F 4, delcribe the Arches # y © and 4 £ 5, making
#y wequal to the Girt of the Archn £ . Make » 6, # 4y 12, ny, &e. on
the Arch r y =, equal toz 6, #4, » 2z, 2y, &c. on the Curve n 4 2, and draw
the Lines 6 F, 4 F, 2 ¥, yF, &¢. make the Ordinates 6, 5; 4,3; 2, 15 32
&c. on the Lines 6 F, 4 F, &', equal to the Ordinates 5, 65 3, 43 1, 23 his
e, onthe Line » m, and through the Points 5, 3, 1, », &%, trace the Curve
@wx 7 In thefame Maoner transfer the Ordinates 5, 65 3, 45 1, 25 ¢, /; &e.
on the Line a 4 to the Arch 5 fa, as from 5 to 6, from 4 ta 3, & . and trace the
Curve s ca ; and then will the Figure 'y @ 5 ¢ a be the Soffito of the Window laid
out, and which being divided into the fame Number of equal Parts, 23 the under
Part of the Arch 2 p o, Fig. VIL and Lines drawn to the Center F, as is done in
Fig. 11. to'the Center A, by the Lines 2, 2, 2, &c. thofe Lines will give the
Bevel of every Courfe in Soffito, as required, Fip. V. is another Example of a
femi-elliptical Arch, whofe Front is Fig. IV. Alfo Fig. II. is a third Example
of g Scheme Arch, whofe Front is Fiz. I.  And Fig. VIIL is a fourth Example
of a ftreight Arch, which in general are performed by the aforefaid Rule,

To find the Carwature of every Courfe in Front,

Svrrose the rufticated femi-circalar-headed Window, Fip. IX. be ftanding in
the Side of a Cylinder, whofe Sides are the Lines Q_T and P V, continue out
the Sides of each Ruftick until they cut the Sides of the Cylinder in the Points
QRS T and NO P, &c. then the LinesQ N, R O, Q N, &¢. will be tranf-
verie Diameters of fo many Ellipfes, whole conjugate Diameters are each equal to
the Diameter of the Cylinder, which defcribe as in Fig. X, and draw their con-
jumate Diameters £ £, i m and » ¢ ; make the Diflanceso 5, m 3, £ 1, on each Ellip-
fis, equal to @ g the Semi diameter of the Window, Fiy. IX. alfo malke the
Diftances § 6, 3 4, 1 2, on each Ellipfes, equal to g 10 the Height of the ruftick
Arch; then the Segments of the feveral Ellipfis, 5, 6; 3, 45 1,2; at Z X A,
will be the Curves of the feveral Courfes, as required.

Fig. 111 reprefents the Manner of covering the Out-fide of a Cone, the Arch
¢ 2 being made equal to the Circumference of the Circle s, which isequal to the
Bafe of the Cone : This Figure is exhibited here to fhew, that the Soffito of a
femi-circular-headed Window, whofe Splay is continued all round, is ne more

: than
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than the lower Superficies of a Semi-cone; for if the Splay was continued in
every Part, it wonld meet in a Point, as the Lines#4 ~and ¢ 4, Fiz. VIII and
form a Semi.cone as aforefaid.

‘Trrs is illuftrated by Fig. V. Plate LXVII. where s @ 2w reprefents the Sec-
tion of 'a Wall, in which is placed a circular Window, as Fig, A, whofe Splay is
exprefs'd by acand £h: Now, if cz and b fbe continued, they will meet in 7,
on which, with the Radius 7 ¢, deferibe the Arch ¢/, alfo the Arch 2. Make
the Length of the Curve ¢/ equal to the Circamference of 4 p, the outer Circle
of the Splay, and draw the Line/ z; then the fhaded Figure # being bent about
and fixed within the Splay, it will exaétly fit every Part thereof: But asthe bend-
ing of Stuff of any confiderable Thicknefs is impracticable, thercfore divide the
whole into Parts, as at 1, 2, 3, 4, 5, 6, &'c. which glew, or otherwife fix toge-
ther, equalto the Curvatore of the Window, at Pleafure.

Fip XI. reprefents the ancient Manner of making fireight Arches of Stone, in
Places where no Abutments can be had, whofe Voufloirs are joggled together,
and their (preading prevented by Iron-bars tooth’d into the Head of cach, runin
with Lead, as ate ¢ ¢, and ¢.

LECTURE XXVIIL
Of Centering to Arebes and Groins, Plate LXIV,

TO defcribe the Curvatures of Groins is the chief Thing to be done in
Works of this Kind, which is mott ¢afily performed, as follows.
Exawrre I. Fip. A

LeT @ ¢ ¢ £ be a {quare Plan, whofe Vault is to be interfeéted by two Concave
Semi-Cylinders. Deferibe the Semi-circle 2 & ¢, which divide into Ordinares, as
3, 2,3, &c. Draw the Diagonal 2 ¢, which divide into the fame Number of
Ordinates, and make them equal to the Ordinates of the Semi circle, and throngh
their Extremes trace the Semi-ellipfis a g ¢, which is the Carve of the Groin re-
quired. In the fame Manner the Groin £ g ¢ is fonnd, whofe interfeting Arches
are k4 i and i d e; as alfo are the Groin Curves of Fig, Q_S and B, The Fi-
guores D and E are both fingle femi-cylindrical Vaults, in whofe Sides are {mall in-
fecting Vaultings over the Heads of Windows or Doors, which are thus de-
ferib'd, Fip. D, Draw as many Ordinates in the given Arch at one End as are
neceflary, as the Ordinates 1, z, 3, 4, §, which continoe until they meet # ¢ the
Side of the Bafe of the {mall Arch, and from thofe Points draw Lines perpendi-
cular thereto, of Length at pleafure. On 4/, the given Breadth of the {mall
Arch, deferibe the interfe€ting Curve of the fmall Vault of any Kind, a: re-
quired, asa 44 ; divide the Bale of one Groin, ase¢ 7, into the fame Number
of equal Parts as 4 x, the £ Breadth, and ereét Ordinates therean, equal to the
Ordinates on 4 x», ard through their Extremes trace the Curve 7 £, which is the
Curveof that Groin required. By the fame Rule all other Kinds of interfecting
Arches may be found, although they cut the [treight Vault on any oblique
Angle inftead of aright Angle, the Bafe of the fhorter and of the longer
Groin being divided into the fame Number of equal Parts, and the Ordinates in
each being maderefpettivelyequal. The other Examples at ¢ #, in Fig. D, and
at 4 gand > p, are given for a farcher Infpedtion, to illuitrate the Truch of this.
Rule.
Do find the Lengths and Angles of Boards for the Covering of Centers, Fig. N O P,

Surrosed 4k 4, to be the Plan of a Vault, whofe interfecting Arches are the
Semi-circle b ¢ 4, and the Semi-ellipfisd 4 / 3 continee b 4, both ways, and make
it equal to the Girt of the Semi-¢ircle & ¢4, and the Center / draw the Lines
jzand i g; then the Triangle 27 pis the Covering for one End, and the Board-
ing being cur with Angles, ‘equal to the Angles made by dotted parallel Lines,
and the Lines a4, and 7 g, will be the Bevels; and their Lengths being taken from
the Lines 4 7, and # g, unto the Line z g, will be their Lengths, as required,
Continue 4 m, both ways, and make ¢ mequal to the Girt of the Semi-ellipiis

d b m,
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# b m, and draw the Linesi ¢, and i mz; then the Triangle i e is the Covering
for one Side, whole Bevels and Lengths are to be found as before.

Nate, The Figores RT V XY, exhibita Me:hod for deferibing the Cieling
of a Vaolt in Plano, as publithed in Mr. Price’s Treatife of Carpentry, which is
as follows. Firfl, a b c d, Fig. X. reprefents the Plan, Fiy. Y and V. the two
interfeéling Arches. Draw the Bafes of the Groins a g 4, and ¢ g &, make the
Length T equal to the Girt of Fip, V. inclading the two Piers @ /, and m &,
make the Length of the Parallelogram Fig. R. equal to the Girt of the Semi-
ellipfis / m #, allo make its Breadth equal to the Girc of the Semi-circle i 2 4 ;
draw Ordinates at pleafure from the Ellipfis, Fip, V.to divide the Semi-tranfverfe
Diameter of the Plan 1 g, in the Points 1 2 3 4 5.6 7 8. Draw ¢ 4, in Fig. R,
through the Center g, divide g £, in Fig. R, in the fame Proportion as half the
Semi elliplis {#, and through the feveral Divifions draw Ordinates, equal to the
circular Curves that {tand over the dotted Lines included between the Lines ¢ g,
and g ¢, in Frg. X. and then Lines being traced through the Extremes of thoie
Ordinates, the Figure included by them and the Line 4 i, will be the Covering to
the Part 2 gc. Butif the Lines g £, and g4, in Fig. R, be each divided in the
fame Proportion as the Semi-traniverfe Diameter 1 g, in F7g. X, and right Lines
be drawn through them, as Mr. Price in his Treatife of Carpentry direéts, their
Interfeétions will not form the Covering forz g ¢, in Fig, X. nor will the Parai-
lelogram a e 4 b, Fig. R, be the Covering to the two Interfeciing Arches of Fig. X,
as he miftakenly has aflerted. ‘

To dferibe curwed Groins, Fig. K 1 F, Plate LXV.

Ler a b c 4 be the given Plan.

Continue 2 ¢ and & 4, until they meet in the Point 1 in the Line ¢ £, Bife&
ac¢, and & 4, and delcribe the two Semi-circlesa g ¢, and 4 4 & Divide the
Diameter of either Semi-circle as &4, into any Number of equal Parts, fup-
pofe ten, and draw the Ordinates 5, 4, 3,2, 1, & on the Point1 in the Line
¢ f; from the feveral Parts in the Diameter 4 4, deferibe concentrick Arches to the
Line ac, divide the Arch ¢ 5 &into the fame Number of equal Parts, as the Di-
ameter & 4 is divided into, and from the Point 1 in the Linc e fdraw right
Lines, which will interfect theaforefaaid concentrick Arches, in the Points through
which the Curvesci 4, and 27 4, the Bafes of the Groins malt be traced.

To deferibe snner and outer Ribs.

Deaw a b, Fig. F, equal to the Girt of the quter Curvez g 4, alloe f
equal to the inner Curve ¢ ¢ 4, and divide each into 10 equal Parts, from which
ereét Ordinates eyual to the refpeciive Ordinates in the Semi-circle & £ &, and
through their Extremes trace Curves, which will complete both Ribs, being fo
bent or worked, as to ftand on the Curves 2 § &, and c e 4,

To find the Curvatures of the Groins.

Maxr the Bafe Line of Fiz. H. equal ta the Curve Line « ¢, alfo maka the
Bafe Line of Fig. W. equal to the Curve Linei 4 Divide each into 5 equal
Parts, and thereon raife Ordinates, equal to thofe in the Quadrant 4 4 &, and
through their Extremes trace Curves, and which being bent or worked fo as
to ftand on the Curves @ 7, and 7 &, they together will form the circular Groin
4 id, and the other being found in the fame Manner, will be the Groins as
required.

_Fig. C. exhibits the Manner of framing truffed Ribs for the Centers of large
Arches, Stone or Brick, whofe Parts ace to be put together, as the Arch is
raifed on the Sides. The Struts 3 # 0 are fuppofed to be placed on upright Tim-
hers at @ and i, which at the taking down of the Center areto be taken away.
As in the {pringing of the Arch there is very little Weight that bears on the
Center, therefore the firft horizontal Beam £ 4 muft be placed at fome confi-
derable Height above the {pringing of the Arch ; and the Struts, 3 # ¢, are fuf-
ficient to carry its Weight.  When the Arch is raifed up to 4 and b, then the
fecond horizontal Beam ¢ g muft be raifed with its feveral Bafes, Struts, and Dils
charges y x e ¥ w o #, which togetherwill frongly refilt the Weighton the Sides,

for
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for as the Braces, &'c. on the one Side have their Dependance on the other Side,
nothing can injure them ; when the Arch is breught np 1o c g, .then the upper
Part may be completed. The Mortifes in the feveral Parts of this Trafs maft
be all Pally-Mortifes, that when the Arch is key'd in, each Tenon may be driven

out of its Mortife, and every Part taken down giadually at Plealure,

LE € T. XXX
Qf Stair-Cafes.

ITH regard to the great Varicties of Buildings T have in Plate1.X VI, given
:b L 12 different Defigns for Stair-Cafes, from which the ingenions Worlkman
may form fuch others as his Occafions may require. Fig. Ajs a Triangular;
D C, and D E, are Circolar; D I, and DK, are Eiliptical ; D 1., Oftangular ;
DM, Semi-circular ; D F, a Trapezia; D, a geometrical Square; D A,and D B,
are Parallelograms, which in general may be made fit for any Nobleman's Palace,
Berore a Stair-Cafe ismade, we fhould confider, fiy, the Heighr of the
Floor to which we are to afecnd.  Secondly, the Rife and Number of Steps thae
are neceffary for the Height, $hirdly, to divide the Number of Steps by fuch
half Spaces (or Breathing Places) that are neceflary jor repofing on the Way,
Fourthly, that the Space above the Head, commonly called Head way, be {pa-
cious ; and Jaflfy, that the Breadth of the Afcent be proportionable to the whole
Building, and {fufficient for the Purpofe intended, o #s to avoid Encounters by
Perfons afcending and defcending at the fame time. The Height of Steps fhoald
not be lefs than 5 Inches, nor more than 4 Inches, excepr in {uch Cafes where
Neceffity obliges a higher Rife.  The Breadth of Steps fhould not belefs than 1o
Inches, nor more than 15 or 16, alitho™ fome allow 18 inches, which I think is
too much. The Light to a Stair-Cafe thould always be liberal, o aveid Slips,
Falls, &¢. and which may proceed lrom the Sides, from a Cupola or Sky-liche
ar the Top, as the Sitvation wiil bett admit.  Before this Kind of Work is be-
gun, it'is belt to malce a Plan, and tolay out the wholein Ledoementas foliows.,
Ler 2,0 g, 11, Fig. D G. Plate LXVI, be a given Plan, S
Maxe 45 equal to the Breadth of the Afcest. which may be made from 3 Tect
anc Z,to io beet. Draw dé, b 2, and am, parallel to'the Out-lines of the Plan,
Divide ¢ &, b a, and @ m, each into fuch 2 Numberof Steps, whofe feveral
Heights are equal to the whole Height to be afeended s within the Parallclogram
abmd, draw the Thicknels of the Hand rail. Add inzo one Sum the Hefglits of
the leveral Steps, between £and 4, and at that Difauce, draw 775 parallel to/pe:
draw the Hypothenufal Liner s, and cantinue out the Plan of each Step to meet
thie Line r s at 55 fet up the Height of the firit Step, and draw it pasallel to o'y,
until it meer the Bafe Line of the 2d Step; then fer uptheHeipht of the 2d Stup,
and draw it parallel too s; proceed in likemanner to fer up the Heights of all
the remaining Steps untor: makeop equal w o gy and draw 2 p paratlel to 14 3
ac the Point 2, begin to fet up the Steps unto'the Point 1, and draw 1 parallel

-

“to # 02 Maket<v ¢qualto £ =, and draw «v § parallel 1o 79 ; at g begin to fer

the Steps as aforefaid unto 7, then will 7 # be equal to the Heighr of the Story,
and the feveral Figurcs o grs, spztws, tzwgiy g, will be the Sides of tha
Stair-Cafe laid out in Ledgement as requiyed. .

Twz Plan, Fip. B, is in kke munner reprefented by Fig. C, which may be
confidered as irs Section, whercin /7 m is the Height to be afcended, g b the firlk
Flight, 4o the £ Space, b¢ rhe fecond Plight, 7 2 the I Space, i 4 the laft
Flight, whoele Landing, as Workmen term i, i 4,

Nete, The parallel dorred Lanes hei_ween ghand i reprefent Stl?ings of Wood,
which are cufed underneath to reprefentfolid Steps,

Tar Fig €)_reprefents the half Space of one Flight of Stairs, Fig. P. repre-
fents Fig. erh its Banifters, a.nd_ Fig O reprelents g, P, CD]nE!e:g;E with:
the Mouldings of its Hand-rail, Bate, &¢,

Ty next Thing o he confidered is the .\'Iflfner of placing the Newelsto Stairs:

] . L ‘ and:
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and half Spaces. In Fig. E. Plate LX VL. the half Spaces are made fqnare to
the Angles of the [ ewels, which caules the Hand-rail of the firfk Flighe to drop
the Height of 2 Steps below the Rail of the 2d Flight, In Frg. F. the Stairs are
et ta the Middle of the biewel, which caufes ies Rail to drop two Steps. and in
Fig. G. they are placed to the Cutlide of the Newel, and drop but one Step.
Lafly, in Fig. I the Stairs are {et half their Breadth clear without the Newel,
which canfes the Rails to meet, asin Fig. O.

Tao preferve a Re alarity in Fig. L and K which have large Mouldings. fet
the Stairs the Breadth of half a Stair clear on the Cuifide of the Mouldings. It
is alfo w0 be obferved, thatas itis ufual to place half Sallufters againt Newels,
theretore when it happens that the Interval or Space is too great, then the
Tiewel fhould be anymented, as in Fig. K.

Fig. L. exhibiss the regular Method, and Fyg. M. a thamefol Method of join-
dng Rails and Balluiters, which lak is to be feen in the Stair-Caies at the Weik-
End of the Parith-Church of Sz, Maréins in the Fiolas, Londen, and which was
evecuted under the Dire@ion of Mr. Jawes Gisss, Architedt,

Fip. N. exhibits the Manner of dividing the Height of Raking Ballufters by
continuing the Members of the [lreight lallufters; a-d Fig X andY. Plare LXVIIL
exhibits the Manner of placing (ireight and riKing Ballufters over each other,

Tue Figures IKLMNOP Q are d vers Examples of Baliufless as were ufed
by the Ancients; a3 allo are Fig. 1 V W and R divers Guilo-hi's and Orna-
ments, which were often ufed initead of Ballutters, and which, when well exe=
cuted, are very grand. : )

17 was the Cuftom of the Ancients to begin the Ballultrzde of a grand Stair-
Cafe with a Pedeftal, as Fig. 8 Plare LXV 1L which to a laige Stair-Caleis yet
the moft grand Manner, but many madern Architects, who think themf{elves
wifer, place a twifted 12ai) at the Jowermeoit Stair 1:.ftead of a Pedeftal.

Ix fmall Buildings a twilted Rail is very proper, but in magnificent Buildings
I think them vaftly inferior to a noble Pedeltal.

Tp deferibe a vwifled Rail 1s the next Work in Order, which may be performed

as following.

Lt the Lines B D E, Fig. IV, Plate LXVII, reprefent the Edges of the
two lower Stairs of a Stair-Cale.

Divioe 49, the T'read of the {econd Stair, into g equal Parts, continue the
Line D towards the left at Pleafure, Draw N I, parallel to g &, at the Diftance
of 7 Parts, allo draw the Line 14 4, at the Diftance of 3 Parts, then 42 is the
Breadth of the Hand rail. Draw A » parallel to g &, at the Diftance of 4 g,
then the Point # is the Center of the Eye of the Scroll.  On the Puint 4 delcribe
the Quadrants & ¢, and Je, which is the Length of the tsifted Part of the Rail,
the remaining Part to », the Eye, being leyel. On adefcribe the Circle = x g,
whofe Diameter «up muft be equalto 4 &, the Breadch of the Hand rail. Divide

the Radius # pinto 4 equal Parts, and through the firft Part at g, draw the Line
» 1, cutting the Line N I in » ; onx deferibe t!le Quadrants ¢ £, and ¢ g, make
& ¢ equal unta 2 Parts of #p, and draw the Linc # s parailel to A 2 ~ Onthe
Point 7 defcribe the Quadrants £ 4, and g =, make # av equal to 3 Parts of #p,
_and throagh the Point v, draw the Line = 7, paralle] to  x; on 2 defcribe the
Quandrant 4 =, and on «vthe Quadrantw p, and then is the Plan completed..
To deferibe the Monld for the Tawift.

Continve b otowards M, and F N towards &, in Fig. 1. alio draw L I,

aratlel to & N, at the Diftance of N K, inany Part of N &, as ate, draw the
Line a7 at Right Angles to b N,_:—J.r:d on ¢ deferibe the Semi-cirele 2 & f;, make
a4, and f¢, eachequal to the Rife of one Stair, and draw the Line #¢ 2. Make
¢ Nequal toc divide ¢ into any Number of equal Parts, and draw the Or-
dinates 15, 15 16,2 ; k33 & divide ¢ N into the fame Number of equal
Parts as in & ¢, and make the Ordinates thereon equal to the Ordinates on b ¢,
and through their Iixtremes trace the Carve N 7, which is the Curve of the Out-
fide of the Mould, Make &4 cqual to the Breadih of the Hand-rail, and on ¢,

with
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With the Radius ¢ 4, defcribe the inner Semi circle. Make ¢ equal to »r.
On & ¢, the Semi-diameter of the inner Semi-circle, make Ordinates, which
transfer on ¢ 4, as before, and through their Extremes trace the Curve of the
Mould, which will complete the whole, as required. For the Out-linesof the
Plan of the twilted Part of the Rail & ¢ and d¢ are Quadrants, therefore the
outer and inper Curves of the Mould will be both a quarter Part of two
Ellipfes ; becaufe the twilted Rail, Rriclly confiderad, is no other than the
Section of a Cylinder, as L M I K, whofe Diameter af 15 equal to twice 4 4,
in Fig. IV. and its tranfverfe Diameter equal to &¢#, and conjugate Diameter
toa f. /

T Twilt of a Rail over 2 circular Bafe ata half Space, as a4, Fig. I1. is
the very fame Thing as the preceding,. as being the fourth Part of an Ellipfis,
made by the Sedtion of a Cylinder, whofe Diameter is equal to twice z ¢,

T Manner of making the Knees and Ramps of Rails, is the next that isto
be confidered, which are thus deferibed.

Ler me, gty s, and av, be 4 given Stairs.  From p, the Middle of the
lower Stair, draw the raking Line p £ fo as to be parallel to g4 «v, the Nofes
of the Stairs : Alfo draw £ 5 parallel to p/5 at the Diftance of the Rail’s Thicl.
nefs, Continue £ 5 to g, and make £ 5 equal to £, and draw a d parallel to
mx  From the Point p draw the under Part of the Knee, parallel tom»; as
allo 7 &, at the Diftahce of the Rail’s Thicknels, and then the Knee will be com-
pleted. Divide the Angle # £ & into 2 equal Parts, by the Line £, cutting the
Lineedin a. Ona, with the Radius « 4, deferibe the Arches £é andie,
which is the Ramp required. Now this Rail being fet up on the Ballufers to jtx
afligned Height, fo for the Points /and 4, to fland over the Paints 7 and , it
will be completed, as required.

Fig. IX. is the Bale of a Newel-poft, whofe Sides are uted in varions Man-
ners, asexprefled at 26 c 4, Ge. and Fig. VI isa View of the Moulding of a
Hand rail for a common Stair. Cafe.

To fiud the Monid of a twified Rail to a civenlar or elliptical Stair-Cof.
Fig. VIL and VIII. Plase LXVIL
Ler ABCD, Fig. V1I. be the Plan of 2 ¢ylindrical Stair. Cafe, whofe Bafe
is a Circle, and whole Stairs wind abouot the Cylinder 2 44, &5, The Plan
of the Stairs being divided, continue out.the Diameter da, towards the Joft
Hand, as to £, of Length at Pleafure. Makea equal to the Girt of the Semj.

circlea b d, which divide into the fame Number of equal Parts as there gre

Stairs in the Plan of the Semi-circle 254, as at the Points 21q 4 gy

‘from which eret Perpendiculars, as 1 a4, 2a,3 a, (5. of Length a; Plegfure.
Confider the Rife of a Stair, and make the Pcrpcndicufarfg. equal ro the Rife
of all the 1z Stairs that go round the Semi-circle 44 #, and divide the Per.
‘pendicelar /¢ into 12 equal Parts, as at the Points 1 » 34, &e. from which
draw Lines parallelto #4, continued out towards the right Hand, at Pleafure,
which will interfect the Perpendiculars on the Line JSad, in the Points o .
ac, ac, &e. and which are the Breadths and Heights of the Treadsand Rifes
of the 1z Stairs, at the Side of the Semi cylinder abid; for was the whole
Figure gfa applied aboot the Semi-cylinder, then the Pares ace, ac, fr
would be in the refpe@ive Place of each Stalr. Let @ ¢ reprelent the Breadih
of the Hand-rail, and the Semi-circle ¢ 10 ¢ its Bafe, over which its Infide
isto ftand. Divide its Diameter ¢ ¢ into any Namber of equal Parcs, ag ot
1 2:3 4, e and draw the Ordinates 1, 6 5 2, 733835 4,9 & which con-
tinne upwards, fo asto meet the herizontal Lines drawn from the Perpendicy-
larg £, in the Points 28, z7, 26, 25, & through which trace the Ugee-
Cuive 28, 14, 2, which is the Sectional Line of the Cylinder, aver whick it
ftands. Make the Diftances 15, 215 10, 14; 18, 133 19, 12; and 16, 11,
equal to the Ordinates 10,53 9, 4; 8, 33 7:23 and 6, 1 ; and through the
Poinis 20, 19, 18, 17,16, to &, on the Line £ 4, trace the Curve, 20, 16, a,
which is the infide Curve of the Mould, and whole Out-corve 21 4, bein

= m
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made concentric thereto, will be the Mould required, whofc End 271, 20, when
fet up in its Place, will fland perpendicular over its Bafe & 10.

Note, This Mould, tho' made but for one 4th Past of the Cylinder, will ferve
for the Whole, by repeating the fame, or adding 3 or more others of the fame
Kind to the Ends of each other, as often as there are Revolutions in the Cy-
linder,

Fig. VIII. is the Plan of an Elliptical Stair-Cafe, whofe Mould 7 £ is deferibed
in the fame Manner, and therefore needs no other Defeription.

L'ECT. EXX.

OF Compartments for Manumental Inferipeions and Shields, alfo divers Orngments for
Buildings and Gardens.

§ in the preceding Leures I have explained the principal Parts of Build-
A ings, T fhall now conclude this Part with fome particular Oroaments,
which are in common Ufe, and which ase as neceffary for the Enrichment of
Drawings, as of Buildings themfelves,

Ix Plazes LXIX, and LXX, are contained i4 Defigns of Compartments
for Monumental Infcriptions, Coats of Arms, 1o be placed in open Pediments,
E5c. In Plate LXXI. iscontained, firlt, 11 Kinds of Vafes, as ABCDEF
G H 1 X L, for the Earichment of Piers to Gates, Parapet Walls, &¢. as alfo
are the Balls PQ, and Pine-apple R. The Figures M OS are Defigns for
Flower.pots, which are to be employed as Ornaments, in fuch Places where
Vales will be top large. As the principal Parts of thefe Ornaments are pro-
portioned by equal Parts, as exprefled in divers Places between them, the young
Student will fee how ealy itis to malke them to any given Height.

Tus Fig. WY, AR, AC, have their principal Parts determined by equal
Parts alfo. Figures W and ¥ afe Defigns for Chrillening Fonts; and A B,
A C, for Pedeftals to horizontal Dials ; and indeed, when horizontal Dials are
very laroe, the Fipures W and ¥ may be employed to their Pedeftals,

Fig. X. is a Kiod of Pedeftal, called a Terme, from Terminus, the God of
Bounds or Land.matks, who being anciently made fianding in a Sheath, thefe
Kinds of Pedeftals were taken for the Sepportof Bulte’s, and are thos pro-
portioned to any given Height, Divide the given Height into 10 equal Parts 5
give the upper # 10 the Height of the upper Aliragal, Fillet, and Cavetto ;
and the lower 1 ta the Height of the Plinth, Fiiler, and inverfed Cima. The
Projedtion of the great Aftragal is 2 Parts on each Side the central Line, and of

the fmall Aftragal in the Bafe, oxe Part on each Side, fromn which the other
Mouldings tzke their Projeftions, as commen in Colunins.
To fiute thefe Pedeflals.

Divipk the Breaddh into 21 equal Parts, give 1 to each Filler, and 3 tocach
Flute.

Tz Fip. N. réprefents a Harpye, & fidtitious Manfter, {aid to have the Head
of a Maiden, and Bedy of 2 Bird ; and if fuch zre made in Stone or Metal, hav-
ing the Bodies of Turtle-doves, Owls, and Magpyes, they will be pretty Em-

blems of the Innacency, Wifdom, and baoling Noafenfe of Women,

Tug Figures ZoAD, A E, and AF, reprefent the Monker called Sphing,
whofe 1Tead and Breat is likethat of a Woman's, its Voice Iike a Man, its
Body likea Lion, and Wings 252 Bird ; but fometimes their Wings are omitted,
as Tip, AT and A Bl The Fgures T and Y are two Kinds of Obelifls, for
}_.:ur.l; polts; ¢, the one fquare, the f-thm.‘ oftangular; and Fig A Gis the

Defign of a Shell, for to enrich the Head of a Niche, &3¢
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PoA=R V.
Of the MENSURATION gf Superficies and Solids.

fix to the following Rules a Table of Foreign Feet, carefully compared

with the Zaglifp Foot, wherein it is fuppoled, that the Englih Foot is
divided into 1000 equal Parts, as aifo into 12 Inches, and cach Inch into 1o
equal Parts.

Q_ S the Foot is the Standard Meafure of moft Nations, I thall therefore pre.

Engl. Feet. Decim. F. Inc. 1oths.

Englifh Feor. ,o00lo 12 ©
Paris the Royal Fool. 1,068]1 co @
Paris Foot, by Dr. Bernard. 1,006
Amlterdam Foor. 04z |o 11 3
Antwerp Foof. ,040 1o 11 3
Leyden Faot. 1,033]1 €0 3
Strafhurg Foot, 50200 il O
Frankford ad Mznam Foot. ,ge8le 11 6
Spanith Foet, 1.00If1 00 ©
Venice Foor. 1502 | I 0t_rg
Dantzick Foot. 04440 11 3
Copenhagen Foot. ;065 fo. 11 6
Prague Foot. 1,026 |. L, 769 3
Roman Foot. 06710 11 6
Old Roman Foot. 1§70
Greek Foot. — 1,007 } 1 ©0 I
China Cuéit, : Lotblr oo =z
Cairo Cubit. 18244/ 1 o9 9
- ( Babylonian Cubit. 5 1 05 5%
0old iGreek Cubit. . 1 of 345
Roman Cubir. s I o558k
Tarkifh Pike. 2,200 | 2 0z 4
Perfian Liaf’. 2,197 113 0z 3
LG L

OFf Rules for meafuring the Superficies of geometrieal Figurés, Plate LXXII.
Rurel. To peafure any plain Triangle, Fig. AB C D,
8 1 : half the Bafe cd or 47, Fig. A or B::baorgi, the Perpendicular,
- the Area ; oras1 : the whele Bafe s, or=z y, Fig. Cor Dt the
Perpendicular : Area,
* To find the Avea of any plain Triangle, baving the 8ides only gicven.

Add the three Sides together; from the halfSum {ubtra® each Side {everally,
and note their Differences.  Multiply any twoof the Differences together, and
their Produé by the other Difference. Multiply thelaft Produél by the half Sum
of 3 Sides, and the Square Root of their Produtt is the Arca required.

Ruve IT. To meafure a geomefrim[ Square, or Parallelogram, as the Fz:gyres E I

As 1: ¢d the Length = : ac the Breadth : Area,

Ruve HI. o meafure @ Rbowbus, or Rhomboides, asthe Figures G and .
Bs 1 : ad, eqnal to ¢ e the Length ¢ 14 ¢ the perpendicular Heighe « Arez.
Rure IV. To meafire @ Trapezsid, as Fig. L.

As 1: ! theBafe fe, : : the perpendicnlar Height & f': Area,

_ " Ruwe V. Tomeafire aTrapezia, as Fig. K.

As 1: aDiagonal, as & g:: half the Sum of the 2 Perpendiculars z 4 and
£ ¢ Area,

RuLe
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. Ruse VL. Ty meafure any Polygon, as the Hexagon L.
_ As 1 : % the Circamference @ % : : I the Diameter ep, equal to 5zt
Area, :
Rure VIL. To meafure any irvegulor vight-lined Figure, as Fig. M.
Divipr the Figure into Trapeziums, as de, ¢ f, cd, be, and the Triangle
& a ¢, whofe Areas find by Ruie I. and V. and their Areas added together is
the Area required. :
Ruve VIIL To find the Length of an Arch of any Circle, asa cd, Fig. S.

Divipe the Chord Linc into 4 equal Parts, make the Chord Line of 5.4 cqhal
to i Part, then 4 4 is nearly equal to half the Arch Line required : Qr thus
arithmetically ; Multiply 4, the Chord of half the Arch, by 8 ; fiom the Pro-
dod fubtralt « 4 Divide the Remains by 3, and the Quotient will be equal to
the Length of the Arch Line acd required. Or fbus, From the Chords z ¢
and ¢4, {ubtrat the Chord z4. Divide the Remains by 3, and then the Quo-
tient added to the Chord Lines 2 ¢ and ¢ 4, the Sum will be nearly equal to the
Arch Line a ¢ d, required.

Ruie IX. 7o meafure a Quadrant, as b ¢ e, Fig. 0.

As1:ZtheArchee, :: aSide, ashe: Area. 1

RuseX. To meafur: a Semi-civele, as 2 d ¢, Fig. O,

As1 : % the Arch ad ¢, i : the Diameter o : Avea,

Ruvre X1. The Diamerer of & Circle being piven, 1o _find its Clreumprence.

As 7 : 22, : i the given Diameéter- : Circumference required. Or, as
113 : 355, = = the given Diameter : Circumference required. Or, as 1 :
3,141593, : : the givéen Diameter to the Circomference required. Or, as
1,00000,00000,00000,00006,C0000,00000,00000 : 1510 3,14159,26535,89793,
238406,26433,85279,50288, fois the Diameter given, to the Circumference re-

uired,
E Ruve XIT - The Circumpference of a Circle being given, to find its Diameter.

As 2z 1 7, :: the Circomference given : Dizmeter required, Or, as 355 :
113, : :the Circumference : Diameter, Or, as 2,041593 2 I : : the Circum-
ference to the Diameter! x

Rure XIIL. The Diameter of a Circle being given, a5 a c, Fig. N. #o _find

' its drea.
L. ByVaw Coren's dnalopy.
As 1:,9854, :: the Square of the Diameter : Area,
IL. By Mewius's dualsgy.
As 452 395, : ¢ the Square of the Diameter : Area.
II1. By Arcnimspes’s Analogy.

As 14:11, : : the Square of the Diameter : Are,

Ruvze XIV. The Greumference of a Cirele being given, 2 find its drea.

As 1 :,07958 : ; the Square of the Circamference : Area.

Rure XV. Tke drea of a Circle being given, to Sind its Diameter,

As 13 1,2732, 1 : the Arca : Diameter required,

Rure XVI. The 4rea of ¢ Cirele 5cir:g given, fo find its Circumference.

As 1t 12,56637, 1 the Arca : Circomference required.

Rure XVIL. The Diameter of a Circle being given, to findile Side of a Square
uearly equal tothe giwen Circie,

As 1 :,8862 :: the Diameter : Side required.

Rure XVIIL The Circumference of a Cirele being givey, ta find the Side of a

Square nearly egual to the given Cirele.

As 1 :,2821, : @ the Circumference : Side required.

Rove XIX. The Diameter of a Circle being gicomn, to find the Side of a Square
injcribed. :

As 1: 5071 : : the Diameter : Side required. ;

RurLe XX. The Gircumference of a Circle b ing given, to fmd the Side of a Sguare
inferibed.
As1:,2253, ¢ : the Circumference ; Side required,
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Rure XXI. The drea of a Cincle being given, to jfind the Side of a Sguare in-
: Seribed.

As 1 :,6366:; Area: Side required.

Rure XXIL. The Side of @ Square being given, to find the Diameter of its circam-
Jferibing Circle,

As 1 : 71,4142 : 5 the Side of the Square : Diameter required.

Ruse XXIII. The Side of a Square being given, to find the Circumference of iis
circumferibing Civeles |

As 1 : 4,447, ¢ the Sideof the Square : Circumference required.

Ruvre XXIV. The Side of a Square being given, to find the Dicmeter of a Circle
nearly equal to the Square

As 1 : 1,128 : : the Side of the Square : Diameter required.

Ruie XXV, The Side of a Square being given, 19 find the Curcumference of a Circle
nearly egual ta the Square.

As1 3,545, ¢+ the Side of the Square : Circumference required.

Ruve XXVI. Tofind the Diameter of @ Circle, as € €, Vig L. bawing the Chord
Lineab, and Height ¢ d, of the Segment ac b, given,

Square ad, and divide the Produt by cd, the Quotient will be equal to 7,
then ¢ 4, more 4 ¢, is the Diameter required. .
Ruvre XXVII. 7o meafure the Sedor of a Circle, as cba, or d aef, Fig. R,

As it : Ithe Arch Line, :: the Radws d e, or c a: Area.

Rure XXVIIL. T meafure the Segment of & Circle, @5 ab ¢, Fip. P,

Imvacing Lines to be drawn from a and ¢, to the CenterP ; and ad e P
will be a Sector ; which being meafured by Ra/e XXVIL, and the fuppofed
Triangle @ ¢ P being deduéled irom it, the Remains will be the Content of the
Segment required.

To meafure the great Segment of a Civcle, asd e f.

Imacine Lines drawn from o and ¢, to the Center P, as da and 2 ¢, in Fig,
R. Then to the Area of she Seftor daef, found by Rure XXVIL. add the
Area of the Triangle 4 ¢, by Rure I and their Sum is the Area of the greater
Segment required. Hence itis plain, that the Center of a given Segment of a
Circle muoft be known before its Area can be found, y

Rure XXIX. To meafure the Zone of o Gircle, asadefb e, Fig. Q.

To the Parallelogram & f a 4, add the Segments 4z f; and a4 ¢, and their
Sum s the Area of the Zone required.

Rure XXX, Tomeafure the Superficies of any irrepular curuilineal Figure,

as the Figure V.,

Divipe the cuarved Bounds into Segments, aszpe, ale, ede,efg o b,
i k4, ma. Tothe Area of the right-lined Figure n2 ¢ e g 7 / #, add the Area
of the Segments 7 pa, ¢ d 6, g #4, i 4/, and from che Sum [ubtradt the Areas of
the Segmentsabe, of g, and s/, and the Remains will be the Aréa of the
irregular Figure required.

Ruge XXXI. Tomeafure an Ox Eye, as Fig. W,

Draw the Line 2 4, then add the Area of the Segment o ¢4 to the Segment
abd. '

Rure XXXII. To mrafure any fpherical Teiangle, as XY Z, and A, Fig, 1L

Fizsr, Fig. X, to the plain Triangle @ ce, add the Segments aé ¢, o de,
and ¢ m, their Sam is the Area required. Secondly, Fig. Y. to the Area of
the plain Triangle 2 & £, add the Segments a ¢ &, and 5 4 £, and from the
Sum {fubtra@ the Sesment ¢ & f; and the Remains is the Area required,
Thirdly, Fig. Z from the plain Triangle 2 ¢¢, {ubtrat the Segmentsca 4, and
&a ¢, and to the Remains add the Segment ecn, the Sum is the Area required.,
Fourthly, Fig, A, from the plain Triangle, 2 4/, {ubtraét the Segments ¢4 e,
the Remaing is the Area required,

Ruve XXXIIL Tomeafure any mixtilineal Triangle, as BC DE, Fig 11,

First, the Triapgle C, from the plain 'I'riangle, ¢a 4. fubtract the Seg-
WEWS ac b, and ¢ ¢, the Remains isthe Area required, Secondly, the Triangle
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D, to the Triangle ¢ ae, add the Segments bc a, and ¢ 24, the Sum is the
Area required. Thirdly, to the plain Trangle E, add<he Sepmentav, the
Sum is the Area required. ;

Rure XXXIV. Tomeafure componnded repular Figures, as F G H, Fig. I -

First, the Fip. F. tothe geometrical Square a4 ¢ 4, add the Semi-circles ¢
and 7, the Sum is the Area required. Secondly, the Fiy. G. from the geometrical
Square 1 2 3 4, fubtradt the Quadrants 1 ab, 2cd, &3¢, 6 f 4, the Remains is
the Area required, Thirdly, the Fig. H. from the Paralielogram 12 3 4. Sub-
tralt the Triangles 1 be, d2¢, 23 b, and fi 4, the Remains is the Arearequired,

Rurz XXXV, To meafure Egg ami Heart Owvalr, as Fig. OP Q.

First, the BEgg Oval, Fig. O, to the Trapezoid a d 4, add the Semi.circle
2 cdy and the Segments a f, fhg, and 4 &, the Sum is the Arcarequired. Se-
condly, Fig. . to the plain Triangle a ¢4, add the Semi-circle wée; and the
two Segments ad, and ¢ d, the Sum is the Area required.  Thirdly, the Heart
©Oval Q. To the plain Triangle # 4 g, add the two Semi circles2 d¢, c# &, and
two Segments @ £g, and & g £, the Sum is the Area required:

Rure XXXVY. Tomeafure an Eilipfis, as tbe Fig. T K.

As 1 & ,p854 ¢ the Square of two Diameters - Arca. The Area of every
Ellipfis isthe mean Proportional between the Area’s of its circamicribing and
inferibing Cireles) as in Fig. N. .

For asthe Area of the circamferibing Circle @ & F 7 the Area of the Ellipfis
azp x::the Areaof the Ellipfisa g p = Areaof the inferibed Circle b g 0 2.

Rute XXXVIL. To meafure the Scgment of an Elipflis, asefl, Fig. M. or

dgn, Fig. N. '

Tirst, The Segment of an Eilipfis whofe Bafe is parallel to the conjugate
Diameter, asef7, Fig. M. is in proportion to the Segment 4w, of the fame Height
of the circumferibing Circle ; as b m, the Diameter of the circum{eribing Circle
: ¢ 4 theconjugated Diameter of the Ellipfis: : the Area of Z£ 2, the Circle’s Seg-
ment : ¢ fi, the Area of the Segment of the Ellipfis. Secondly, the Segment
of an Ellipfis whofe Bafe is parallcl to the tranfverfe Diameter as & », Fig. N.
is in proportion, as the Area of the inferibed Circle g0 » : the Area of the
Ellipiis a g g « : = the Area of the Segment of the inicribed Circle: 4 g # the
Area of the Eilipfis required. Oras g & the Diameter of the inferibed Circle
a p the tranfverfe Diameter : ¢ the Area of the Segment of the inferibed Cirele 2
Area of the Segment of the Ellipfis. The Fig. K and L, are each a Semi-Ellipiis,
the friton the tranfverfe, and the lak on the conjugate Diameter, whofe Areas
are to be found by confidering each of them as a whole Ellipfs, and take £ the
" Area {o found, for their Areas required. :

The Vig. 1K phewvs boww ta deferibe any ELip/fis by the Help of three fircight Laths, &,
‘ as folloaving.

Tha aw the 2 Diameters 2 fand & = at right Angles, to their given Lengths.
Make » 4, and n2, ezch equal to half the wanfverfe Diameter, then « and ¢ are
she two Focas Points, whereon fix two Laths, as on Centers, as 4 g and £'5, cach
equal to the tranfverfe Diameter. To their Ends b and g fix a third Lath,
caual o the Diflance of 22, fo that the Ends ath and g may be moveable asthe
joint of @ T'wo foot Rule. "Then the 3 Laths being moved aboutthe 2 Focus
Paints, their feveral Points of Interfe@tion will trace ount the Ellipfis required.

lvre XXXVIEL 70 ;‘::c‘(rj;;re the Arear of @ Parabela, as Figwres Ror' S,

Every Parabola is equal to 2 Thirdsof its inferibing Paratlelogram. Theres
fore as 1 : df, Fig. R,oraf,Fig.8:: ad, Fig. B.ogba, I'ig. 5 ¢ a 4¢h Nums
ker, 2 Thirds of which is the Area required.

| 9 S O e
Of Rulee for meqfuring the Solidity of all Kinds of Bodies, andtheir Superficies.
Rure i. Tomeafarcilbe Solidicy of the Cube Ry or the Parallelopipedsm W,
% 1 : the Area of any End or Side ¢ : the Diepth or Length {rom thatEnd
A_ or Side : the Solidity required.

¥ L Al
4 - HE
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Tie Superficies of the Cube R, is the geometrical Squares 12 3 4 5 6, Fip-
S. and of the Parallelopipedon W, the Parallelograms 1 X, 4 5, and geometrical
Squares z 3, Fig. X.

Rurell. To meafure the Solidity of any Prifim as the Figures, V, AB, and A D,

As 1 ; the Area of one Eud : : the Length : Solidity required ; the Super-
ficiesof the triangular Prifm V, is the Parallelogram 1 2 5, and Tiiangles 3, 4
Fig. Z. Of the hexangular Prifm A B, the Parallclograms 1 23 4 5 6, and
Hexagans 7 8. And of the Trapezia Prifm A B, the Farallelograms 2, 3; 4, (5
and Trapezias 1, 6

Ruve L. To meajure the Solidity of a Cylivder, avhofe Bafe is a Cirde, as Fig.

A. Plate LXXIV. or an Ellipfis as Fig. 1. Plate LXXIII. ‘

As 1 :the Areaof one End : : the Length : the Solidity required. ‘The Sy-
perficies of the elliptical Cylinder I, is the Parallelogram / n m o, {whofe Length is
equal to the Circumferénce of the Cylinder) and the 2 Ellipfes ¢ £ d a, and & iy f.
And the Superficies of the circular Cylinder A is the Parallelogram 4, and two
Circles D C. ’

Rurg IV. 7% meafure the Solidity of a Tetrabedvon, as Fig, T' Plate LXXIT,

the Pyramis A'G and A F, and Céne, Fig R. Plat: LXXIV

In every of thefe Rodies, as 1 : the Arca i its Bafe : : § of its Alticude - the
Solidity required. The Reafon hereof is, thatevery Cone i equal to §of its cir-
cumfctibing Cylinder ; thatis, to a Cylinder of the {ame Bale and Alnwde. §h
likewife every Tetrahedion and Pyramis i equal to §of it circumfciibing Prifm,
whole Baf and Alrirude is the fame as thofe of the T'eirabedron and Pyramis, and
thercfore it follows, that as 1 : the Area ofthe l'ale of a Cylinder or Frilmy; :
the Lergth of its Axis : a 4th Number, one 3d of which is equal o the Soligity
of the Cone or Pyramis inferibed therein, ‘ - -

Tre Superficies of the Tetrahedron is the equilateral Triangles 1, 2, 3, 4.

Tue Supe ficies of thefguare Pyramis AT is the geometsical Square A R,
and the Iolceles Triangle e b, bgd, dbh e, and gc f. The Superficie: of the
attangular Pyramis A G is the Otlagon A F, and Ifofeeles Trianglesabcde £
g % and the Superficies of the Cone is the Sellor b 4 . and Circle4Z 7

Note, The Length of the Arch 4.4 7 is equal to' the Circumfeience of the Bale
of the Cove.  AvdiheRadins 44, to & . the Side of the Cone. ;

RuLe V. Tomeafure the S tdity of a Sphers, as Figl T Plate LXXV,

As z1:11: 2 theCubeof the Sphere’s Axis Solidizy required, oras 1 1 35230
t1 the Cube of the Sphere’s Axis: Solidity required ; for if the Axis of a Sphere
be 11, its Solidity 1s ,5276.

Every Sphere is equal to a Cone, whole Axis i equal to the Radius of the
Sphere. and its Bafe to the Area of the Sphere. Or every Sphere is equal to
two thirds of its circumferibing Cylinder. Therefore. as1: the Areaof a grea
Circle of the Sphere 1 @ the Diameter : 4th Number, two thirds of which is the
Sclidity of the Sphere, ;

As a Cone is equal to 3 of a Cylinder of equal Bafe and Altitude, and a5 a
Sphere is equal to £ of a Cylinder of equal Diamecer and aleiude, s there-
fore evident that a Cone whole Bafe is equal to a gieat Circle of a Sphere, and
its Axis equal to the Axisof the Sphere. ite Solidity is equal to 1 the S.lidity of
the Sphere s -

Anp a Cone, whofe Axie is ecual to the Semi axis of the Sphere, and the
Diameter of its Fale to twice the Diameter of the Sphere, will be equal to the
Sphere; asalfois a Cone whole Axisis equal'to twice the Diameter of the Sphere,
and the Dianeter of its Bafe equal o the Diameter of the Sphete,

Rure V1. 9% meafure the qumﬁr.iﬂ of a Sphere. ]

Tue Areaof every Sphere is equal to four great Circles thereof, (o the Area
of the Sphere, Fig, T. Plare LXXIV. is equal te the Circles VW X Y. Oras
I toe Diameter : ¢ the Circumference t6 the Arca required.
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Note, Tue Area of a cireomferibing Cylinder is to the - rea of the infcribed
Sphiere, as 3is to 2 ; and whichis the (ame Propor.ion, that the Solidit of the
Cylinder has to the Solidicy of the Sphere,

Note, I¥ the Covering or Area of 1 Semi. (here be laid cut. as taught in the
Coverng of the Heads of Semi cireular Iviches, in LECT . XXV, hereof, asis
‘exhibited in Pig. M, by # wev x, &'c. and the Area of a Pact, a-of Z, be mulzi-

lied by twice the Number of Parts laid out, the Procult will be the Superficies
ofithe Sphere required.  Note alfs, | he fevera! oceult Arches in thi Fig, are nQ
wore than a Repetition of thofe in Fry K. Plate LVI. which T have infested
here again, for the eafier Uncerftanding the Manaer of delcribing the {everal
Partst v 7o x, £5¢. which are the Superficies of the Semi Iphere laid open.

" Ruvz VI. To meafire the Salidity of any S:gment of @ Spleeve, ai 4,49+ Fig,
M. Plate LXXIIL
1. The Diatieter and Alitud- of #h- Fruffum being piven

"T'o 3 times the Square of £ 3. the Semi diameter of its Baye, add ‘the Sqoare of
2, 1, its Altiwde, Multiply the Sum by the tHeght, and that Produdl agnin DY
,5236, the Produ@, custing off 4 Decimals to the Right hand, is the Sulidity
yequired. ;

11. The dxis of the Sphere & g, and 1 3, the Height of the S gment givin

Trowm 3 times the Axis, fubtract twice the Height of the Sezment. Multiply
the Remainder by the Squareof the Segment’s Heiaht and that Product by .52 12,
the Prodndt, cutting off 4 Decimals to the Right hand, is the Solidity required.

; Ruyrg VIIL. To meafure the Solidity of any Frufium of a Spbe.rr,' as h kb,
*Fig. A L, Plate LXXIV,

Frou the Solicity of the whole §phere, deduét the Segment 5 m &, and the
Remains is the Solidity of the Fruftum required.

Ruve IX. Tomeafure the Zone of a Sphere, a:hk d e, Fig. A L. Plate LXKIV,

From the Solidity of the whole Spheie. deduét the two Segments b m £ and
d e b, the Remainsis the Solidity of the Zong required. .

Rurr X. To meajure the Zone of a Spherdid, as Fig. L, Plate LXXIIT.

MuvrirLy the Square of 44, the conjugate Diamerer, by a =, the tranfverfe
Diamcter, and that Produt by ,5236, the Produél, gutting off the 4 Decimals,
is the Solidity reguired,

Nore, Eveny Spheroid, aseceg, Fig. Q. Plate LXXIL. is eghal to 2 thirds
of o Cylinder, as @ 4 # £, whofe Dizmeter is equal to the conjugate Di neter,
and Height to the tranfverie Diameter,

Rurz XI. Do meafure the Soii fity of the Segment, ar Fraflam of any Spbevaid.

Inscrinethe Spheroid in a Sphere ; then as the Solidity of the Sphere is to
the Solidity of the Sgheroid, {o ic any Partof the Sphere to the like Parc of the
Spheroid.

Ruve XIL To meafure the Solidity of @ parabolic Coreid, es Fig. N. Plate

LXXIIL

Turs Solid is generated by the Revolotion of a Semi parabola, onits Axis,

and 15 thas mealured, wyz. Moldply the Square of its Diamerer, by (7854, and

:]is Product by half the perpendicular Altitude, the Produét {cutring off the 4
recimals) 15 the Solidity reguired,
Ruvre XIIL To meafure the Sclidity of the Fraffum of a parabolick Canoid, as
facg, Fig. N. Plare LXXIIL
Mutrirey the Sum of the Squares of 2 ¢ and f g, the lefler and greater
Diameters, by ;3g27, and that Prodeét by the perpendicalar Height of the
Froltum, the lalt Prodaél is the Solidity required.
ture XIV. Tomeafure the Solidity of @ parabalick Spindle, as Fig. W
Plate LXXIIT. .
MerTirny the Square of z / its greatelt Diameter, by ,41888, (being <% of
,7854) and that Produét by b ¢ its Length, the lalt Prodad, cutting off the De-
simals, 35 che Solidicy requirad,
’ z Ryre
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Rune XVI. To meafure the Saliaity of a Fruflum of a parﬂf-a".’c'/:! Spindle, as
dfgl, orofa Zone, asd f m 0.

Murtirry the Square or g /, the greatelt Diameter, by 1,5708; alfo muls
tiply the Square of 4/ the leilir Diameter, by ,7854; allo muluply the Square
of the Difference of the Diameters, by ,31416; then from the Sum of the two
tormer Produéts, fubtract the laft Product, and multiplying the Remainder by
1t Third of the perpendicular Length, that Produét is equal to the Solidity of the
Zone 4 £ m 0, whofe half Pavt is equal to the Fruftum 4 fg 1.

Ruve XV, To meafure the Solidities uf the five repular Bodies, viz. The Tetra~
bedron, Big. T.Plate LXXTI. Th: Ofabedron, Fig O, Plate LXXIUL, The Hexa:
bedyon or Cube, Fig. R. Plate LXXIL, The Jeofabedron, Fig, T. and Dodecabi-
dron, Fig. R. Plate LXXIIL

L& the Side of each Body be confidered as 1 or unity, their Solidities are as
follows, wiz.

Solidities Superficies.
Tetrahedron [ o,1178511 — 1,732051
Odtahedron 0,4714045 — 3,404102
Hexahedron 1.eococoo — G,000c00

Icofahedron 2,181695 — 8,660254
Dodecahedron | 7,663119 = 20,645729

To find the Solidities of either of thele Bodies,

As 1 : the folid Content in the Table, : : the Cuobe of the Side of the liké
Body to be mealured : Solidity required ; or if each Face be confidered as the
Bafe of a Pyramis, whofe Vertex 15 in the Center of the Body, then one fuch
Pyramis being meafured fingly, and its Solidity moltiplicd by the Number of
Faces contained in the Body, the Produét will be the Solidity of the Body re-

uired. d
'-1_ To find the Superficies of eitker of thofe Bodies:

As 1 : the fuperficial Content in the Table, : : the Side of the like Body to be
‘meafured : foperficial Content thereof; orif the Area of one Face be firff
found, and multplied by the Number of Faces contained in the Body, the Pro-
‘duét will be the fuperficial Content of the whole, as required,

Noze, The Superficies of the Tetrahedron is the Fig. V. of the Cube, the Fig:
S. Plare LXXII. as has been already obferved,  Of the Ottahedron, the 8 equti-
lateral Triangles 12 4 3 § 8 6. 7, Fig. P; of the Dodecanedron, the 12 Penta-
gons1 234567891011 12 Fig S; and of the Icofahedron, the 20 equis
lateral Triangles t 2 3 4, &e. Fig. V. Plate LXXII; and which being de-
lincated on Paper or Paft-board, as exhibited in the feveral Figures, and thent
cut out and fulded up together, will form the {everal Bodies in jult Proportian.

Ruve XVII. Tomeafive the Salidity of any Fraftum of a Pyramis or Coze, aubofe
Bafe is vight angled to its Axis, ai the Friflums of Pyramis's Figarss A € and By
Plate LXXIIL. and the Fruffum of @ Cone, Fig. 5. Plare EXX1V.

MuLTipLY the Area of the greater End by the Area of the lefler End, and,
extratt the {quare Rootof the Produél. Addshe [quaré Root tothe Areas of
both Ends, and the Sam mulciplied by 4 of the Fraftom's Lengeli, the Produéd
is the Solidity required. 2

Tir Superficies of the Fruftum of the triangtlar Pyramis A, Plate LXXIIT:
is the 3 ‘Frapezoids, abcd, db b f, ¢ £1 3, and two equilateral Trianoles ¢ 2
3, and ¢ d £ in Fig. B.  The Seperficies of the Frultum of the Pyramid € i3 fhe
four Trapszodsa & 58, 8 247,67 ef; 25 4#6; and the two geouretrizal
Squarcs, 12 3 4, and 5 8 6 9, Fieu D, The Superficies of the Froflom of theé
octangnlar Pyramis, Fig. E, are the four Trapezoids on each Side; and the e
Ofagonswv, and @ § ¢ £, & TheFz. F, 15 allo the Superfcies of this oits
afiguizr Fruftim E, where the Trapezoids ¥ 2 3 45 6 7 & gure i Sid#s. “I'ie
Oclagon I its Bafe; and the Ofagon 4 1ts Tap. -
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Twe Superficies of the Friftum of a Cone, Fig. §. Plare LXXIV. s the im-
perfedt Superficiesd ¢ ¢ Fe #, and the Circles » #, and 4 4 L.
Rurz XVIII. 7¢ mecfure the Selidity of a Prifineid, or Fraflam of an irregu-
lar Pyramid, awkofe Euds are difprofertionahle, Fig. G. Plate LXXIIL

To £ b, add half & &, which multiply by 4 g, the great.r Breadth, and referve
the Produdl, Tob 4, add half £4, which multiply by ¢ & the lefler Breadth, to
which add the former Produti referved, and the Sum being multiplied by I of
the perpendicular Heighe. the Product is the Solidity required.

TrEe Superficies of this Froftam is the 4 "Trapezoids 1 2 4 5, and the 2 Pa.
rallelograms 3 and 6, Fig. H.

Ruvre XKIX. o meafure the Solidity of an abligue Fragment of a Glinder, as

ac, Fig. P. Plate LXXIV. I

Ast : the Areaof its Bale g, : : half its Lenpth : the Solidity required, The ‘
Superficies of this Fragment is the Hofceles Triangle /£ g ¢, the Ellipfis 5, and
the Circle 4

Note, Fig. 2. is a double Fragment, whofe Superficies is the two Ellipfes ¢ and
/> and geometrical Square 1 g m a5 and Frp, O is the OQut-fide of de 2 6, which
is a Fragment of a Frapment of the Cylinder % & 7 6.

Ruvre XX, Tomeafure the Solidity of @ Cylinder, nohafe Ends ave obligue to its

© Axis, e FigiL. Plate LXXIV.

By Rure XIX. meafure the Fragments aand & feparately, and add their So-
lidities to the Solidity of the Cylinder p ¢, the Sum is the Salidity required.
T'he Superficies of this Cylinder, is thedouble Trapezoid ¢ £ 4 g, b g £7, and the
two Ellipfes c and 4. The Figures E I K are other Examples of this Kind,
whofe Superficies produece different Figures, according to the various Sections of
their Ends, which I have added for further Examples of this Kind.

Ruvre XXI. Tomeafure the Fragment of a Cone, as b d ¢, Fig. A B, Plate

LXXIV.

As 1 :the Area-of its Bafe, : : (4% of irs Altitude : its Solidity required.
The Superficies of this Fragment is the curved Figure ¢ 8 ¢4, the Circle g o 7,
and the Elliplisa b 4, Fig. A X.

Rure XXIL To megfure the Fruftum of a Cone, avkofé Ends are ablique to the

Azis, as Fig. A C, and A D, Plate LXXIV,

First, meafure the Fraltum, as a Frufium whofe Bale is right-angled to the
Axis, and from that Salidiry deduct the Fragmentsthat are deficient at the Ends,
apd the Remains will be the Solidiry required.

Tue Superficies of thefe Fruliums ar¢Jaid out as following, ®z. AB. One
delcribe the Arch coor l, e, ¢, equal to 'the Citeumierence of the Bafe of the
Cone, which divide into 8 equal Parts, at the Poliits s / % £, &c. and draw the
Lines a my aly e & &c. Draw b 1 parallel to d ¢, and divide 1 2 into 4 equal
Pasts, Make o'5, 211, each equal to a4 ; make g6, a 10, each equalto @ 33

make 27, a g, exch equal to & 23 make 2 8 equal to & 1. Throogh the
v Foints 11, 10, 9, 8,2nd 7,6, 5, trace the Curves ¢ 8, and § ¢; then the Fi-
“gute ¢ 8 ¢ 7 ¢is the Spperficies of the Side.  The Superficies A C, and A D are
-deforibed in the fame Manner.




P AROE VG

Of Plain TrRiGONOMETRY, Geometrically per-
formed. '

LECTURE L
OF the Solution of plain Triangler.
I. Derisirrons.

IRST, plain Triangles are right-angled or oblique-angled. Secondly, 2

right-angled Triangle is fuch a Triangle as hath one right Angle, and
two acute Angles, as the Triangle A, Plare LXXV. whofe Angle b cq is a2
right Angle, and the Angles ¢ b 2. and ba ¢, are both acute Angles. Thirdly,
an obligue Triangle is fuch a Triangle as hath one obtufe Angle, and two
acute Angles, as the Triangle B, whofe Angle b ¢« is obtule, and the Angles
¢ ba, and ¢ @ b, are both acute Angles, Fourthly, In every right angled
plain Triangle, that Side which fubtendeth (or. is oppofite to) the right Angle,
asé a, in Figure A, is called the [i}’?gtbﬂ:rﬁ; and of the other wo Si&cs, the
one, ase a, is called the Bafe; and the other, as ¢ b, 1s called the Perpendicular,
Fifthly, in every oblique plain Triangle, as Fig. C, the longeft Side js Zene-
rally called the Bafe, as c 23 but {fometimes one of the other two Sides is made
the Bafe. Sixthy, in every right-lined Triangle, the Sam of the Degprees con-
tained in the threc Angles, are equal to 180 Degrees ; therefore if you have
any two Angles given, you have alfo the third given, it being the Complement
to 180 Degrees. Seventhly, And as in a right-angled plain Triangle, the
right Angle containsgo Degrees, therefore if any one of the two acute Angles he
given, the other acute is alfo given, becaufe it is the Complement of the other
acute Angle to go Degrees; or of the other acute Angle and right Angle to 180
Degrees. Highthly, In all plain Triangles whatfocver the Sides are proportional
to the Sines of their oppofite Angles.

Tz Solution of plain Triangles has always confifted of 12 Cafes, but herein
I have reduced them unto 8 Cafes, of which 4 are of Triangles right-angled,
and 4 of Triangles oblique; and which anfwer every particular exa&ly the fame,
as thofe of other Authors divided into 12 Cafes.

I. Of right-angled plain Triangles.

In the Solution of right-anzled plain Triangles, there are always two Parts
given, as two Sides ; or an Angle and one Side; tofind 2 Side or an Angle re.
quired,

? Case I. Fig. A. Plate LXXV.
The Bafz ¢ a 8o Feet, and Perpendicular ¢ b 6o Fust, being siven, 19 find the acute
drglesc b aand b ac, and the Hypothenufe.

Maxe e a by a Scale of Feet) equal to 8o Feet. and c b equal to 6o Feet, and
draw b a4, which is the Hjypothenule required. With 6o Degrees of Chords, on
the angular Points 2and 4, defcribethe Arches s Zand £ /5 which being meafured
on the Scale of Chords, ¢ 4will contain 52z Deg. 30 Min. and £/ 37 Dez. 30
Min. which are the Angles required.

Casell, Fig. A, Plate LXXV.

The Hypothennfe'b a 100 Feet, and the Bafe ¢ a 80 Feet, being piven, to fnd the
acute dngles, and Perpendicular b c,

Mare




\

178.Of Plain TR1GONOMETRY, Geometrically perforii'd.

Maxe ¢z equal to 8o Feet ; erect the Perpendicular ¢ 5 of Length at pleafure 5
on g, with the Length of 100 Feet, interlect the Perpendicular at 4, and draw
the Line # 2 , then meafure the Degrees in cach Angle, as in Cafe I and 4o will
be the Perpendicular required.

1 Case JIW.. Fig,A. Plare LXXV. !

The Baje ca 8o Feet, and the dngle ¢ a b, sppofite to the Perpendicular 37 Degrees

30 Min. being giwen, to find the Perpendicular € b, aud Hypethepnfe b a.

Maxe ¢ 2 equal to 8o Feet; ered the Perpendicular ¢ & of Lengih at Pleafure;
make the Angle & cequal to 37 Deg. 30. Min. and draw the Live » b, which
will cut the Perpendicolar in 4, then & ¢ is the Perpendicular, and & 2 1s the Hy-
pothenule required.

Case IV. Fig. A, Plare LXXV.
The Hypothenufe b a 100 Feet, and the Angle b a 52 Deg. 30 Min.appofite to the Bafe,
being givven, to find the Length of the Baje ¢ a, and of the Perpindicular ¢ b.

Draw b a equal to 100 Feet; make the Angle b 2 ¢ equal to 52 Deg. 30 Min,
and draw & cof Length at pleafure; make the Angle b a ¢ equal to the Comple-
ment of the Angle ¢ b &, and draw the Line 2.¢, wnich witl catd cm ¢ ; thenca
is the Bafe, and & ¢ the Perpendicalar required.

11. OF oblique-anghid plain Triangles. -

Tn the Solution of oblique angled plain Triangles, there are always three Parrs
given, ag two Sides and an Angle, or two Angles and a Side, to find a Side or an
Angle required.

Cuse I. Fip. B. Plate LXXV. !
Tavo Sides, and an Angle oppofite to one of the Sides, being givven, to find the ihivd
Wide.
Tris admits of three Varleties, as,

Firlt, T%e Bafe b a 100 Feet, and Side b ¢ 50 Fect, wvith the Angle bac28Deg.

oppofite ta the Side b ¢, being given, to fnd the Sidfec a to Feet,

Maxk b 2 equal to 100 Feet; on 4, with the Length of 20 Feer, deleribe the
Arch 4 ¢ at pleafure ; in any Part of ba, as at b, make an Angle, asé be, equal
to the given Angle 28 Degrees; from a, draw the Line 2 ¢ parullel to & e, which
will cut the Archd cine, then the Linec 2 is the Length of the Side required.
Secondly, T4z Bafi ¢, Fig. C, 100 Feet, and 8ide b a 50 Feet, avith the Angle

¢ b a 110 Degrees oppofite ta the Bafe ¢ 4, being picren, to find the Side ¢ b Go

Feet.

Maxe b 2 equal to 5o Feet; make the Angle ¢ 4 @ equal te 110 Degrecs,
and draw & ¢ of Length at pleafure; on ¢, with the Length of the Bafe 100
Feet, inter(eét the Line 4 ¢ in ¢, then ¢ 4 i3 the Length of the Side required.
Thirdly, The tave Sides ¢ b 6o Feet, and b a 50 Feet, aviph the dugle b e a 28 De-

grevs, oppofite ta the Side b a, being given, to jind the Lenysh of the Bafe c a

100 Feet.

Draw ¢ a atPleafure ; on c make the Angle 2 ¢ 4, equal to the given Angle
28 Degrees, and make ¢ b equal to 5o Feet; on &, with the Lengrh of 50 Feet,
interfeét the Linec @ in o, then ¢ a is the Length of the Bafe required.

Casg II. Pig. C. Plate LXXV.

The Bafe ¢ a 100 Feot, andithe Side ¢ b 6o Feer, auith the Angleb ¢ a 28 Deg.
contuined betavesn them, to fud the third Side b a, and the Anples cbaendbac.
Mare ¢ @ cqual to1oo Fect; make the Angle £¢ g equal to 28 Deg. and the

Side ¢ b equutl to 6o Feet, draw the Line b «, which is the third Side required ;

then meafure the Angles ¢ & zand & a¢, as in Cale L. of right-angled plain

Triangles.

Cass III. Fig. €. Plare LXXV.
The three Sides ca 100 Fezz, ¢ b 60 Feet, and b a 50 Feet, being gizen, # find alf
: the Angles.

By Pros. I Lecr. IV, Page. 11, complete the Triangle & ¢ a, and by CasE

1. of righs angled plain Friangles, find the Quantity of each Aagle.

LasE
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Case IV. Fip C. Plat: LXXV.
Tave Argles, asbcazd Dig.b ac 42 Deg. and one Side, as ¢ b 6o Feet, being piven,
to find the sther tavo Sides b a 50 Feet, and ¢ a 100 Feet,

Maxe ¢ equal to o Feer; make the Angle 4 ¢ 2 equal to 28 Deg. and the
Angle b a ¢ equal to 42 Deg. continue ouc the Lines? # and ¢ 2, and they will
interfe® each other in the Point ¢ ; then c @ and 4 « are the two Sides required.

Note, The Doétrine of plain Triangles, perform’d by the Tables of Logarichms,
Sines, ‘Tangents and Secants, being more difficult to be underitood by Learners
than the preceding, and as to have added thofe Tables would have fivelled the
whole beyond irs intended Balk and Price: I therefore omitted the Analogies
and Tables, which, if this Work be favourably accepted, I wiil publifh here-
after in a feparate Volume.

LECTINRE .
Of Menfuration of Haights and Diffances.

I[1E proper Inftroments for thefe Purpofes are a Quadrant, as fig, D, and
aten Feet Rod, Chain, &,

Pros. I. Fig. F. Plate LXXV.

T take the Altitudeof an Objeit, as the Obelifk b n, by the Help of a uadrant,

Move from the Obj-ét, untl, looking through the Sights of the Quadrant to
the Top of the Objec, the Plamb-line cut 63 Deg. 26 Min. on the Limb, as
at b+ then the Height of your Eye being added to your Diftance from the cen-
tral Line of the Objett, isequalto I the Height of the Objeét: Or move back-
ward, wntil the Plumbiline cut 45 Deg. as at 7, and the Height of your Eye
added 1o your Diltance as before, the Sum is the Height required. And {o in like
manner moving backwards, until the Plumb-line cut 33 Deg. 20 Min. as at £,
then 2 of the Dillance is the Altitude., And at/, where the Plumb-Jine cuts 26
Deg. 34 Min. the Diflanee is double the Aldtude.

1i :;;;y Obiflruétion is between youand the Objed, fo Phat you cannat meafure
to its Bale, then go nearer, or farther, until the Plumb line cut 26 Dep. 24 Min,
aswt/, and there make a Mark on the Ground ; move backward in a right Line
with your firft Stati m and the Objeét, until the Flumb-line cut 18 Deg. 26 Min.
as at sz, then the Diltance between your two Stations / and 2, is equal to the
Aliitide requised,

Proxn.1l. Fip.G. Plate LXXV.
Lo find the Altitunde of an Oljest, 6}_1’»0-10?':@ the Length of its Shadean.

Setup a Srick of any known Length, {uppofe 5 beer, as #e: Let the Length
of the Shadow of the Objedt be & ¢, and of the Stick ¢ g; then as the Length
of the Shadow of the Stick 1s 0 the Height of the Stick ; fois the Leagth of the
Shadow of the Ghjcct to the Height of the Objedt,

Prop III. Fig. H. Plate LXXV,
T take the Altitude of an Objest thar is accoffible, by the Help of a ten Feet Rod
: and @ Stick only.
Let the Qbelifo a'b be an acceffible Oljes, eubefe Altitude is reguired.

Frecr a ren Fect Rod in any Place, as at m, and a Stick, as 7 /s equal to,
the [eight of your Eye, at any Diflance in aright Line with the Building ; look
rom the Top of the Stick, level to the Building, and againit your Ray of Sight,
at the 10 Feer Rod, make a Mark, as at ¢ ; caule a fecond Perfon to flide a Piece
of Paper up the 1o Feet Rod ; o that, looking from the Top of the Stick £, to
b the Top of the Objedt, you fze the Top of the Paper, as at 4, at which Place
malce 2 Mark : This done, meafure the Diltance of the two Marks on the 10
Feet Rod e and 4, alfo the Diftance e £ then ase £is toe d, foisc £ the Dif-
tance of the Siick from the Objed, to ¢ 2 the Height of the Objeft above the
Level-Line ¢ 4 to which add the Height of the Stick # f; and the Sum is the
Alsitnde required.
i ) Pron.
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4

Pros. IV. Fig. G. Plate I XXV.
To take the ditituds of an Ofjic? that isinacceffible; by its Shadonv.

Surrose the Shadow of the Objett reach fiom 4 toe, and, at the {ame time,
the Shadow of a Staff reach from ¢10 g; at abour two or three Hours after,
when the Sun is sifen confiderably higher, place down a Mark atthe End of the
Objeét’s Shadow, whichfuppofe to be at ¢35 alio, at the feme time, make a Mark
at the Eud of the Shadow of the Stick, fuppofe at £; now, as the Triangled fg
is fimilar to the 'I'riangle @ c e, and as the Triangle ¢ £ is fimilar to the ‘L.
angle a ¢ b, therefore, as ; g is to the Heightot ¢he Staff d ¢, {015 c 2 10 the
Height of the Object required.

Pron. V. Fip. I. K. Plute LXXV.
To meafure the Altitude of @ Hill or Mountain, by the Help of a Spirit-Lewvel and
Station-Staffs.

(1) Erect your Level traly horizontal on the Top, 25 at 5, and dire@ly
againit the Inftrument, let a fecond Perfon hold up a fliding Statibn ftaff, wich a
Vane fixd thereon, which he is to move up, urtil, lockiag through the Sights
of your Level, you feeits upper Edge, as at »: T'hisdone iet the fecond Perion
write down the Number of Inches and Partsof Inches that his Vanc 15 above the
Ground atz, let a third Perfon wiite down the Number of Inches and Parts of
Inches that your Inftrument is above the Surface of the Ground at§. (2.) Re-
move your Level down the Hill, as to 4, and your 2d Afiiffant to £, and let
rour 34 Afiiflant ereét his Station-ftaff at m, the Flace wiere your zd Afliltant
firlt tood : Thisdone, fix vour Inftrument truly horizontal, and looking to your
3d Affiltant 2t m, let him flide up bhis Vene uniil you fee its upper Edge, at
which Time he is to {fet down, under the Height of the Inftrument obferved at

, the Inches and Parts of Inches that his Vane is then above the Ground ;
alfo Jeok to the Station-ftaff of vour zd Afliftant, and caufe him to {lide up bis
Vane, until you fee its upper Edge, asat /, and let him place down the Inches
and Parrs that his Vane is above the Ground, under his firit Height obferved at
a2.  Proceed in like manner at every other Oblervation, as may be required to
defcend unto the Botwom at &, (2.) Let each Affiitane add into one Sum, the
Heights of his feveral Obfervations, and then that of your 3d Aflitant’s being
fubtiatted from that of your 2d Afiflant’s,. the D:flerence is the Aluwde of the
Hill required.,

Prop. VI. Fe. P, O, M. Plare LXXV,
T meafire an tnacafible Diflance.

Ixaccrssisie Diltances may be mealered by many Methods, as,

Firlt, Lo pnd the Diflance of the tavs trees] and 8, Fige Py avbich is vender d in-
' 3 acceffible by the Riwer b b.

Asziew any Point on the Griund, from which you can mealure direétly ua-
to the two Cbjets 7 and 8, as the Point g ; continue 7, 9 unto 11, and §, g
usto 10, making the Diftance of g, 11 equal to 7, g, and the Dillance of g,
10.equal o 8, 9, then the Diftance from 1o to It isegual to the Diftance of
n, 8 required.

Sccondly, To find ¢he Diflance of the Tree ar vy in Fige M, from the Point v,
subich is 1 ender’d innacegffible by the Rizer b b,

Imacine a Line to be drawn from « o r, and thercon erett the Perpendicu-
lar w ww, of any Length, andlctr @ be continued at Pleafure towards y, which
may be'done by firaining a Pack-thread Line from w towards y, in a right Line
with @ #. Inany Partof the Perpendicolar w2y, afign a Point as au, and at any
Tiilance from you, place a Stake in a right Line between «yand #, as at 53 alfo
another on the Perpendicalar, at any Diftance from av, asat ¢, Make the Thi-
anzle qu b X, cqual to the '}‘:‘iangle 2 5 ¢4 apd continue v x, until it meet the
Line = ying s then the Diftance w yis equal (o the Dillance < 7, required.

Thirdly,
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Thirdly, To find the Diffance of the tave Trees, 12 and 13, Fig. O, awkich is

rendered waccp[fble by the River d, -

Affign a Point at 16, from which you can meafure to both the Objeéts. Place
two Stakes at any Diitance in right Lines, from the Point 16, to the two Objedtss
as at the Pomnes 14 and 55, and meafure the Sides of the Triangle 14, 15, 16s
allo the D ltances from the Point 16, to the Objefls 12 and 13- On Papet, with a
Scaleof Feet, make a Triangle, whofe relpedlive Sides are equal to the Meafures
of the Sides of the Triangle 14, 15, 16, and continue out the Sides, reflpetting
the Sides 16, 14, and 16, 15. each equal to the Meafures of 16, 12, and 16, 13.
Then the Diftance between the Exiremes of thele Lines, being mealured o
your Scale of Feet, will be the Diftance required.

Peos. VIL. Fig. N K L. Plate LXXV.

To meafure an inaccelfible Diftance &5 Help of @ grometrical Square, récht-angled o

equilateral Triangie.

Firft, Tomeafure the Diffance 5 b, Fig. N, which is rendered inacee/fible by

the Riwer €, by Help of a geametrical Square.

Inaciwvea right Line to be drawn from g, to the Qbjecl &, which continue
towards 4. On the Poinc 5 ere@ the Perpendicalar ¢ =, of Length at Pleafure,
and therein aflign a Point as 2, where with a Piece of Board make a geometricak
Square, apply is'Angle over the Point z, and dirext its Sides = 1 to the Objeét;
alfo at the fame time caule an Affitant 0 move along the Line g, 4, until by
the Side of the geometrical Square = 3, you fee his Station Raff ereét, at 4.
This done, meafure the Sides of the Trianglé ¢ = 4. and then as the Side ¢ 4;
is tothe Perpendicularw g, {0 is the Perpeidicalar = 5, to 5 &, the Diltance re-=
quired. :

Secandly, Tomeafire the Diffancel ks Fie. L. qvhich i% rendered inaceqffible

oy the Rizver b,

Beine furnifhed wich a Piece of Board thatisan equilateral Triangle, as/m#;
apply one of its Angles over the Point /, and dire® a Side, as 7o to #, and ac
the fame time diréct an Afliftant to fix up a Station-ftafin a disedt Line with the
other Side /», at any Diltance from you, as at p, and then fec up a Mark in the
Point .2 Thisbeing done, move along the Line / p, upsil by the Sides of the
equilateral T'riangle, you can fee both the Rask fet up at/, and the Objeét at ¢,
which you will de at the Point p ; then the Diltance of /p is equal tothe Diftance
{4 required.

Note, In the fame Mannet an inacceflible Diftance, a5 fa, Fig. K. may be
foand by a right angled plain Triangle, as¢fg, whole ides ¢f; and £ g, are
#qual, as is evident to Infpettion.

Pron. VII. Fig. Q. Plate LXXV.

Ta meafure the Diffances of divers Objes¥s, that are inaceofible at tava Shabions, byt
the Help of a common fmall Table, or Foint flosl, and a flreight Rule, avith pere
pendicular Sighis fixed ot cackh End tlievesf,

Let. the frveral Objests be adcd, and the two Stations 7 #; at tco Feet;
Yards, &F¢. Dilance. -

Bring furnithed with a fireight Role, nhont two Fedr, ¢r tws Fedr agd Half
in Length, with purpendicualar Sishes fo fixed at each End, that che 8lits of the
Sights ftand perpendicularly over the thin Edge of the Rule {which is geneially
called 2o Index) and a fmall Table or Stool, that hath a fimqorh and éven Sue-
face, proceed as foll ws, wiz. witha Seale of Feer, €50 draw a Line io the
Middle of the Table, as i#, equal to 100 Feet, the Diftance Hetween the twd
Stations; and then being at one of the Stations, as at 7 lay the Bdge of thé
Index to the Line £ 4, and move the W able, vl through the Sighis of the In=
dex, you fee the gther Station 4, and there fix your Table falt. © On the Poiot
fon your Tablefix a Pin, and applying the Edgé of your Index to the Pid;
look through the Sights, to the fit Ovje&t at o; ard draw & Liné from Khe
Pin, by the Edye of the Index at Plealure, asi g, Movs your Indez in like
Diaoner; to every of the remaining Ubjedts, drawing Lines framh tie Fin, ic-

S A=z W Eiigd
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wards each Objedt, as atfirf. This done, remove your Table unto £, your
fecond Sration, and placing the Point 7:on your Table, towards the firit Station
lay your Indéx to the Line 4 / on your Table, and move the Table, until through
the Sights you fee your firflk Station, and there fix your Table faft. Fix aPinin
the Point £ on your Table, and then applying the Side of the Index to the Pin,
direcl the Sights unto every of the Objeéls, and draw I ines as befare, ap the firll
Station, which, wiil interfedt the former in the Points ¢ #c & and whofe Diltances
{or the Diftances from the two Stations 7 and £) being meafured on the fame Scale,
by which the Line: % was drawn on the Table, will be the true Dillances of each
Objett required.

Nate, By the fame Method of working, the Plan of any open Field may be
taken, if the Angles are confidered as fo many different Objeéts, and can be all
{een at each Station,

. R AR T - VE
Of SorvevyiNe LANDS, &¢

HE ufsal Inltruments for this Parpofe are gencrally the Plain Table,

Theodolite, Circumferentor, and Chain: but as the three firft are Inlkro-
ments of great Expence, bevond the Reach of common Workmen, for whole
Balke I have publifhed this Werk, I fhall therefore give fome few Examples, to
fhew how, by the Help of 2 ten Feet Rod, or Chain, and a Joint-flool or Table,
they may make the Plan of any Piece of Laud, that is not of very great Dimen-
fions, with the utmolt Exadlnefs.

N, B. The Chain is that which is called Gunters Chain, whofe Length is equal
to 4 Statute Poles, or 66 Feet, divided into 100 Links, each 7 Inches %5 ia
Length.

Prom. I. Fig:S. Plare LXXV.
T make the Plar of an ivrepuiar Sideof a Fieldy as ihgfedcab.

Malce an Eye-dravght on Paper, exprefling the feveral Angles, and therein
draw the occult Line & 4; as alfo the feveral perpendicuiar OF fets 12 4, 42 g,
56,5 Ge, Thisdone in the Field. meafure in a right Line from 4, towards @;
and when you-come azainlt the Angle 5, as at the Point 12, write down on
your Eye.draught, the Diltance mealured from 4, as allo the Lengthof the Off fet
1z b, which place onthe Off fer. Proceed inlike Manner, to meafure the T€=
maining Diftances to every Of-fet, and the Length of each Off-fet.. This done;
craw a Line on Paper, and with a Scale of Feet, {et off from 7 all the feveral Di-
dtances, .asi12, 4 42, 7 56, &% and from thofe Points creft Perpendicularh
makingeachequal to their réfpedtive Mealures in the Eye-draught, andthen rl_g.hc
Lines, asid, b, p fy &c. being drawn from i to b, from 4 to g, from g to f, E'c.
they will be the Plan of the irrepular Side of the Field, as required.

ate, if the Side of the Field be curved, as Fig. B. thea take Off-fets at every
remarkable Bending, as at4 g e 4 &% which meafure and plan as before,
#nd through their Extremes trace the Curve, as required.

' Peon. Il Fig. V. Plare LXXV.

Tz make tle Piaw of o Field by the Help of @ Chaiyordy, asFig.acd g fe.

Mage an Eye.draught of the Field, and divide it ints. Triangles. Meafure
*he Sides of the Field, and of every imagindary Trigngle,” which place on each
refpetiive Side, with a dizgonal Scale 6f Chains and Links, as exprefied By Fig+
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1V. Plare 1X. By Pros.l. L E C T.IV. Part IL. delineate all the {evera
Triangles, as reprefented in your Eye-draught, and they will complete the Plan
of the Field, as required.

Pros. Iil. Fig. Y. Plate LXXV.

To make the Plan of an ivvegular curwed Field by Help of the Chain only, as

bedefghik.

Frrst, Fix up Marks, fuch as Pieces of Paper fixed into the {lit Ends of
Sticks, at proper Places, as & cd efghik, and imagine Lines to be drawn
from one to the other, as b ¢, cd, de ef, &c. Aflign a Starion towards the
Middle of the Field, as at 4, and imagine right Lines to ne drawn from thence,
unto the feveral Marks at b edef, &c. which will divide the wholeinto ima-
ginaty Triangles, Make an Eye-draught as before diredted, exprefling every
Triangle, &

By Proa. II. hereof meafure and delineate the feveral Triangles, and by
Prog. I, meafure and delineate the Off fets on the Out lines of the feveral T'ri-
angles, neceflary for deleribing the curved Boandaries, which will complete the
whole, as required.

Note, Chains and Links are thus written, @i, 3 Chains, 75 Links, as from
bto g, thus, 3 : 75, and 2z Chains, and 10 Links, as from ¢ to 4, thus, 2
S Lo Ml R ]

Pror. 1V. Fig. A C. Plare LXXV,
To make the Plar of a Field, wchofe Angles cannot be ali foer under three Stations, as
at ad e, by Help of @ Table and Chain.

Assion three Stations in theField, as a4 ¢, at any Diftances, {uppofe 2. at 3
Chains Diftance, and dcat3 Chains and 35 Links., Draw a Line on your
Table by your Scale of Chaing and Links, to reprefent 3 Chains, the Diltance
between the Seations gand 4. Place your Table in the Field, over the Bationary
Point &, aud laying your [ndex on the Line « d, mave the Table about, enril you
Tee the Station 4, and there make your Table faft. Fix a Pin in your Table, at
the Point o, and laying yoar Lidex thereto, direél the Sigitsto che feveral Angles
armowawx 3, and draw right Lines from the Pin towards cach Angle. Mea-
fure the Diifances from your Station -, unto cvery of the Anples, and from
your Scale of Chains and Links fet from the Pin, on each Line, as a m, an, ao,
ax, e, thelr relpective Lengehs, as 2 1955 3: 755 2165 &e and draw
the Lines ma, no, ov, v, wex, and x 3. Move your Table to the fecond
Station 4, and laying your Index on the Line ad, move the Table about, until
through che Sights you fec yaur firft Station at 4, and there make it falt.  Fixa
Pinin your Table at the Point 2, aud laying your Index to the Pin, turn it aboug
until through the Sights you fee your third Station at ¢; and by the Side of the
Index draw the Line /¢, which make cqualte 3 Chains 25 Links, the Diitance
ef the third Station ¢ from & -Alfo, from the Pin onthe Table, direct the In-
cex to the Angley, and draw the Line dy, equal to its mealured Length, and
Jjointhe Side 3 y. Removeyour Table w0 ¢, the third Station ; lay the Index on
the Line iz, and move the Table about, all thronph the Sights you fee the
Station , ard there make it fafl. Fixa Pin in your Table, at the Point ¢, and
laying your Index thereto, direét the Sights to the Angles =4/, and draw
Lines towards each A ngle, equal to their refpedtive Meafures, from the Station
‘e Then the right Linesy=z, b, ki, i/, and /m, being drawn, they will
complete the Plan, as required. ‘

Prop. V. Fig. A C, Platz LXXV,
To make the Pian of a Field, by guing about it avithous fedey by Help of a Table and
Chain,

Finsr, Goaboutthe Ficld, and at proper Diftances make choica of Stations, as
at a, p, g, r. & £, Whereat fix up Sticks with Paper as aforefaid,  ‘Then begi anmg
atany one Station, as at e, meafure the Diftance from ¢ to 2, and from a to p,
Draw a Line on one Side of your Table, on which fet from your Scale of Chains

Aaz and
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and Livks, the Léngth from ato g, place your Table aver the Point o, Lay
your Index on the Line reprefenting the Li ne g g, and move the Table aboaot,
until through the Sights yon fee the Mark at g, and there make it faf.  Fixa
Pin in your Table at the Foint o, and laying your Tiidex to the Pin, dir & the
Sights tothe Mark 1t 4, and by its Side draw the Lire o 2> equal to its Length
before meafured. By Prow. L. hereof, on the Linc a g, mealure and delineate
the Off fets bo, cn, dm, alfo the OF (et 2 !, from the OF-fct 42 ; then e i,
and f'b, alfo the Off-fets # @ and 720, on the Line » 2. Thro' the Extremes of
the aforefaid OF fers draw the Lines qo 4, w0, o5 » mymlt, 1, andz b,

Prace your Table over p, and laying the Tndex on he Line # a, move your
Table about until through the Sights you fee the Mark ar o, -and there make it
falt. Fix a Pin inyoor Tabl. at the Point p, and laying yoor Indes tothe Pin,
direét the Sights to the Mark ¢, and by its Side draw the Linc p 7, which make
e'c]ua'l to the Diilance that the Mark at 7 15 from the Station atp. Meafuic and
delineate the Off-fer ¢ », and dvaw the Lineav ». Repear thefe Cperations at
the Stations ¢ » s, and you will complete the whole, as required.

Noate, By the fame Rule, the Plap of a Field may be made, by going about i
within-fide, as fignified in Fie. Y. by the ftationary Diftances, s/mz o grts

Prozn. VI, Fig. 'T. Plate LXXV.
To make the Plan of an inclofed Road, Street, &e. :

Firfl, Make choice of proper Stations as at s £ and «, at which Places fix up
Marks as aforefaid ; mealure the Diftances ¢ 5, and /v, draw a Line on your
Table, to reprefent the Line ¢, on which, from your Scale of Chains and
Links, fetits meafured Length. Place yourTahle over the ftationary Point ¢, and
laying the Index to the Line # v, move theTable about until thro’ the Sights you
{ee the Mark at =, and there make it faft. Fix a Pin in your Table at the Point
#, and laying the Index to the Pin, direft the Sights to the Mark at 5, and by
its Side draw the Line ¢y, equal to its mealured Length,

By Pror. L hereof, meafure and delineate an Of-fet againit every Angle
contained in the two Sides of the Road or Street, and right Lines, being drawn
o their Extremes, v be the Plan of the Road or Street, as required.

) Prop. VIIL Fig. XX. Plate LXKV,
To make the Plaw o an irvegular Wall by the Help of a Ten-foot Rod only.

Firf?, Make an Eye draught as W W, and thereon fet down the Length of
every refpeétive Side contained in X, X ; and then proceed to meafure the Angles
as following ; wix '

A1) Tomeafure the drgle % ae, ima gine the Side X «, to be continued 10 Feet,
as from ato b, alfo fer 1o Pee: from @ o ¢, atid mealure the Diffance b, which
fuppofe te be 5 Feer. Place the Meafures of this Angle on your Eye-drapght,
as at @ be.  (2) Tomeafure the Angle aei, fet 10 Feet on each Side the anpular
Point ¢, as to 4 and i and meafure the Line /4, which fuppofe to be 20 leet,
place thefe Meafures on the Eye draught, a5 at de f. Proceed in like manner to
tale the Meafures of all the remaining Angles, at i w p r w, €¢.

Do delineate this Plan from the Eye-dy aupks.

Maxe W o, equal to 21 Feet, the Levgth of X 4, on « in Fig. W. with 2
Radiss equal to ro Feer of your Scale, by which you delincate the Plan. De-
icribe an Arch asde, make & equal to ¢ Feet, and through the Point ¢
draw & ¢ equal to 5 Feet, and through the Point ¢ draw « ¢ equal to 32 Feet, the
Length of the Side 2 ¢.  On the Point », with a Radius of 10 Feet, defcribe the
Arch 477 and therein fet 20 Feet from dto £, Through the Point £ draw the
Line ¢+, equal 1o 23 Feet, the Length of the Side ¢ 7.~ Proceed to defcribe the
remaimng Angles apd Sides, in the fame Manner, which will complete the Plan,
asrequired. '

Pros. X, Fir. A B. Plate LXXV,

Ts male the Plan of @ Serpentine Rizer,
2, Allign fationary Diftances, as fedact,and fix up Marks as aforefaid.
Make an Eye-draught of the whole, meaflire the ffaticnary Diftances, an:ih fec
€ir
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thetr Meafures on their refpective Places in the Eye-draught. Draw a Line
on your Table, toreprefent the Line @ 4, which by your Scale of equal Parts
make equal to 3 Chains zo0 Min. its meafured Length ; place your Tuble over
the flationary Point 2. lLay your Index to the Line a4 on vour 'l able, and
mave the Table about until through the Sight you fee the Mark até, and there
fix vour Table falt. Fix a Pin in yoar Table on the Point &, apply yvour [ndex
to the Pin, and diret the Sights, fitll to ¢, and then to 4, drawing Lings on the
Table towards the ffationary Marks ¢ and & which by your Scale of Chains and
Links make equal to the refpetive meafored Lengths 3 w2l ca, 6 Clains zo
Links, and 2 &, 4 Chains 75 Links. By Pron. 1. hercof meafure and dehineate
proper Offfets, and throngh their Extremes trace the Curvature of the River.
Remove your Table to the Station 4, fetting up a Mark again ata. Lay the In-
dex on the Line, reprefenting the Line e ; move the 'l able about vat:! thre®
the Sights you fee the Mark at ¢, and make the i able fafl : fix a Piu o the
Tabie at the Point 4, apply the Index tothe Pin, and direfling the Sights to the
Station ¢, draw'the Line 4+, which make equal to 8 Chains 36 Link:, it mea-
fured Length. ‘Then by Pron. L. hercof, mealure and delincare the Off-fets
to the Side of the River, which are here deferibed by dotted Lines, and thre’
their Extremes trace on the Curvature of the River, Remove your Table wo the
Station ¢, and repeating the {ame Kind of Operation as at 4, you wiil complete
the whole, as required

Note, When the Weather is dry, you may feal down a Sheet of Paper fmooth
on the Table, and make your Plans thereon, but if cheWeather be ma:ift or wet
tie Paper will not do, nor indeed {o well as the Table in dry Weather : be-
cavfe Paper is always fhrinking or fivelling very fenfibly, as the Femperature of
the Air is more or lefs dry, which the T'able does not, in fo preat a Degree.

Proe X, ®
To find the Quantitics of Lands in deres, Roods, and Paler, wibofe Dimenfions are
takz by Gunter's Chain.
Ruig, Place yoor Dimenfions, and maliiply them to-

gether as in Decimal Multiplication, as in the Margin, 29 192
From the Produdt cut off § Figures to. the Right-band, the 39 57
Rematns to the Left, wheo any, are Acres.  Multiply the 5

Figures cut off by 4, the Roods in an Acre, and from 195 44
its Produé cut-off five Figures to the Right as before, the 1306 o

Remains to the [eft, when any, are Roods. Muluply 25128

the laft § Figures cut off, by 40, the Poles in a Rood, and 8376

from the Product cut off g Figures to the Right, the Re-
mains, if any, to the Left are Poles. Soin this Example the
Produd@l js 110 Acres, 1+ Rood, and 36 Poles, which is
thus, written, A. R. P

¥ Tio 1 3b

Acres 1 1ol47044

4_

Roods 1)g1776
40

Poles 36)71040

T

PART VIL
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Deginitions of Maticr, Grawity, and Mosion.

Of MEcuHANICKS.

1. B9 Meachanicks is meant geometrical Rules for demonftrating Motion,
and the Effett of Powers or Forces in removing the Matter of Bodies.

2. MaTTER
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2 MarTer is an impenetrable, divifible, and paflive Subftance, and there-
fore has Extenfion and Refiltance, which are the Properiies of all Kinds of
Bodies, and whofe oniverfal Principle is Grawity.

3 Graviry 15 that Force by which Bodies are carried, or tend towards the
Ceanter of the Earth, -and which is in Proportion to the Quantity of Matter they
contain, Gravity is abfolute, accelerate or relative ; Grawiry 4belute, is the
whole Force by which Bodies tend towards the Center of the Earth.  Grawvity
decelsrare, 1s Force of Gravity confidered as growing greater as it approaches
the attratting Point, as in Bodies falling, Grawily Relatrue, is the Excels of the
Gravity in any Body above the fpecifick Gravicy of a Fluid, 25 of Air or Water
in which it moyes.

4. Srecirrex Gravity is the appropriate and peculiar Gravity or real Weight
which any Specics of natural Bodies have, and which arifes f:om the mere or
lefs Compatinels of the Matter of which Bodies are comy

¢. Morion is that Force by which a Body continually changes its Place, and
therefore 1s 2 continual and a {ucceflive Mutation of Peace.  Motion is either
Abfolate or Relative, Abflete Morivn isthe Change of the Locus Ahfolurz of 2oy
weving Body i and its Celerity will be mealured by the Quanuty wt the abiolute
Space which the moveable Body hath pafed through.

6. Rerarive Motion is a Mutation of the vulgar or common Place of the
moving Body ; and fo hath its Celerity accounted or meafused by the Quantity
of relative Space which the moveable Bedy moves over.

7. CrreriTy 18 the Swiftnefs of any Body in Motion, and that Force which
isinBodies moving, and whereby they continually move, is called their Mamention,
whicn arifes from their Weight or Quantity of Matter, and the Velocity of cheir
Motian wherewith they move.

8. Tue Motion of all Bodies is naturally redti linear, and therefore the Ve-
locity of a Body will be conltantly the fame, if no exterval Caufe obitruét the
Motion, or make any Alteration in its Lise of Direfticn,

g. T Lice of Direflion is that Line wherein any Body or Powerendeavours
to move, thatis tofay, it 15 the Lineof Motion that any Body goes in according
to the Forceimprefied upon ir. And the Change of Places, or continual Paflige
of'a Body along fuch a Line, {s called its Loca! Moticn.

10. VErociTy is that Affe&tion of Motion which is meaflured by comparing
together the Quantity of Space which a Bedy hath pafled through, and the Time
in'which it was pafling that Space. Thus equal Velociry is that, whereby equal
Space is pafled overin equal Time, Soif two Bodies are put in Motion at the
fume Inltant of Time, and both pafs the Length of oné Mile in an Hour, &e.
their Velocitizs are then f2id 1o be equal.  Greater Velocity is that whereby ei-
ther a greater Length is paffed over in the fameTime (as when either of the afore-
faid Bodies travel two Miles in an Huor) or an equal Length in lefs Time.- As
when the aforefaid Body travelled one Mile in half an Hour, &e.

Hence it follows, that if too Bodies are put in Motion at the ame Time,
and one travel a hundred Miles, whilft the other travel but fifty Miles, that
Body which travels 100 Miles, moves with double the Velocity ¢f the other ;
tiie like 1s to be anderltood of Velocides trebled, quadropled, &e.

11. Asthe natural Motion of falling Bodies arifes from the Principle of their
Gravity oy Weight, and is found by Experience to be a Motion uriiformly acce-
lerated, and being attended with the fame Gravity or Weight, atevery Degres
of Velacity, it therefore comes to pafs, that the Spaces through which Bedies
fall perpendicularly, are, as the Squarss of the Times wherein they fall, ac-
counting from the Beginning of the Fall,

As for Example, Fig, 1. Plate LXXVI.

Tur perpendicalar Deteent of Bodies is at the Rate of 15 Feet in the firl

Second of Time, and in every fucceeding Second the Spaces are as the Squares

npaied,

of the Seconds, @iz, If & Body'be 5 Seconds of Time a falling from 4 to £ .

4“ua
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and in the firll Second it falls 15 Feet, as froma to#, at the End of the {fecond
Secend of its Falling. it will have fell 4 times o £ equal to 6o Fect, as to 4,
which isequal to 2 multiplied in 2, the Square of the Seconds or Times in falling.
Soin like manner. at the End of the 3d Second, it will have fell g times 15 Feet,
equal to 135 Feet, which is equal to 3 multiplied into 3, the Square of the Se-
conds or Times in falling ; and in the fourth Second, 16 times 15 Feet, equal
to 210 Feet, as.to 16. Hence it is plain that the Increafe of Mortion in every Mi-
nute, &e. is according to the Series of theuneven Numbers, wiz. 1, 3,5, 7,9, L1,
&Fc. which are the Differences of the Squares, 1,4, 9, 16, 23, (..

2. As the Mations of Bodies are accelerared in falling, their Forces are
thereby increafed in the fame Proportion.  And therefore if the Body 4, in fall-
ing from 4 to b, lias a Force athequalto 1 Pound Weight, it will have a Force
at 4 equal to 4 Pounds Weight ; for as its Velocity from & to 4 is three times as
great as from a to b, it will therefore have a Force 3 times greater at 4 than
when at &, and (o in like manner in its fulling to 16 its Force will be equal to 15
Pounds, and art 25 to z5 Poands, &e.

1. Anp it is alfo to be obferved, that equal Bodies falling on inclined Planes,
whale loweft Parts arc in the fame Level, have the fame Force and Velocity ac
the Ead of their Falls, as when lee fall perpendicalar, but employ alonger Time
in their Defcents. “So if the Body &, Plate LXXVI. defcend in the perpendi-
cular Line & g, or in either of the oblique Lines & For & 4, it will have the fame
Farcear for b, asat g, but itwill be longer in falling from & to £ than from 4 to
&, and longer from & to &, than from b te £, &%, .

14. Ir a Body defcend on au inclined Plane, as /4 &, Fig: C. it will byits ac-
quired Velocity afcend another Plane of equal Inclination, as &¢, unto the ame
Height, allowing for the Refiftance of the Air, and Frition of the Plane.

15. Ir Bodies fall in the Lines ¢ /5 df ¢f, b £ af, & defcribed in the
Ciicle, Fiz, B. they will from the Points in the Circumference 2 & ¢ 4 ¢, come
to the Bafe fat the fame time. For as the Lengths of their Lines of Defcent
are to one anether, fo is theilr Velocities to each other.

16. Ir a Body, ash, Fig. E. bethrown perpendicularly upward with any Force,
the Velocity wherewith the Body alcends, will continually diminith, rllat Length
it be wholly taken away ; and trom that Inftant of Time the Body will defcend
in the fame Line with fuch an increafingVelocity, as to fall from & 1o ¢, with the
{ame Force and in the fame 'I'ime, a5 it was thrown up frome to 2. The like is
alfoin Bodies thrown up on inclined Planes ; for “if in Fip. C. the Body 2 be
thrown from & tod, with a certain Force, and in a certain Time, it will by its
own Weight return again to 4, with the fame Force and in the fame Time as it
afcended.

17. Ir a Body defcend in the Arch of a Circle, as ¢, Fiz. D. in the Arch 44,
the Velocity will always be anfwerable to the perpendicalar Height 4 ¢, from
which the Bedy fell ; but the Time of the Body's Defcent will be greater from
~to g, thanfrom b to e 3

18. Now from hence it follows, that the Body «, Fiz. F. to defcend the
Arch Line z ¢, orthe Chord Line 2 & will :equire more Time than were it
to fall in the Perpendicular 4 ¢, but will in all the Delcents have an equal Force
at ¢. ;

)6 A G el
OF the Laaws of Nature.

T is to be obferved, that all the Varieties of Motion of Bodies in general are
conformable to the following three Laws,
Law I.
AU Bodies continuc in their State of Reff, or Motion, umiformly in a right Line,
Sxcepting riiey ary obliged to change thar State, by Forces impreffed 5 and therefore
it follows,

23
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Fizst, If a Body be ablolutely at Reft, and unfurnifhed with any Principle,

whereby it could put itfelf into Motion, it will for ever continue in the fame
- Place, till ated vpon by an external Body.

SrconpLy, When a Body is put into Motion, it has no Power within itfelf
to make any Change in the Diretion of that Motion, and therefore muft move
forward ina right Line, as I have before oblerved, without declining any Way
whatever.

Tuirory, All Bodies endeavour to remain in their State of Reft or Motion,
and therefore fome atual Force is required to put Bodies out of a State of Reft
into Motion, or $o change the Motion which they before received. This Qua-
lity in Bodies, shereby they fo preferve their prefent State of Motion or Relt,
till fome adtive Force diftarb them, is called the Fs Turtie of Mater, It is
by this Property that Master, unallive of itfelf, retains all the Power imprefled
upon it, and will not ceale to ag, uutil oppoled by as great a Power as that
which firft moved it.

Faw I1.
ALII Change of Motion is proporiianal to the Power of the mowing Force impreffed, and
is alweays made according to be right Line in sobick that Force it imprefjed.

TuaT is tofay, firlt, 1f in one Minate of Time, two Bodies, asac, Fig. G.

move from g and B, towards# and 4, with egual Velocities, fo that when the
Body a is arrived at &, the Body ¢, which moved from B, may aét its full Force
againft the Body at 4 ; thep will the Line of Dirc&ion of the Body 4, which was
in the Line 24, be changed into the diagonal Line be, of the geometrical Square
Sfbed; and by the Aétion of the Body ¢, on the Body &, the Volocity of the
Body & will be {o accelerated, as to pals, in the fecond Minute, through the Dia-
gonil & e, the Side of whofe Square is cqual to a 4, the Space which the Body &
travelled thraugh in the firlt Minate. Again, if at the End of the fecond Mi-
nute, when the Body & is arrived at e, another Body ftrike againft it at g, with
the fame Velocity as 5 then has, then will the Line of Direétion of the Body 4,
in the fecond Minute, which is 4 £, the Diagona! continued, be changed into the
Diagonal ¢ #, of the Square » i £ ¢; and by the Force of this {econd Body, the
Velocity of the Body at e will be fo accelerated as to pafs, in the third Minute,
through the Diagonal ¢, the Sides of whofe Square is equal to the Space which
the Body 4 travelled through in the fecond Minute. I ar the End of the third
Minute, when the Body 4 is arrived at the Point », it be again atled upon by a
third Bodyat z, with the fame Velocity as the Body at » then has, then will the
Line of Dirediion of the Body at #, inthe third Minute, shich is the Diagonal
¢ z, continued to p, be changed into the diagonal Line # r, of the Square o 2 25
and by the Force reccived from this third Body, the Velocity of the Body at #
will be (o accelerated as.to paifs, in the fourth Minate, throngh the Diagounal = r,
the Sidesof whofe Square is equal to the Space whichthe Body uavelled through
in the third Minute. And if at the End of the fourth Minate, .when the Bady is
arrived at r, it be again acted upon by a fourth Body, as s, whofe Velocity is
equal to that which the Body b .then.hath, the Line of Direttion of the Body at
r, which then is the Diagonal ## continued to x, will be changed into the
diagonal Line r @, which is dircétly retrograde, or.contrary to its frlt Line of
Dire@ion from « to & ; and by this laft addiztional Force, theVelocity of the Rody
at » will be (o accelerated, as to pafs through the Diagonal # 2, of the Square
=@ ¢, inthe fifth Minute, In this Manner,by,the continual Adtions of Bodies,
whofeVelocities are alike increafed, at the End of every Minute, the Velocity of
a Body may be fo increafed, as to travel ten thoufand Millions of Millions of
Milliens of Miles in 2 Minute.

S=conpLy, That the Change of DireQion is always proportional to the Fores
imprefied, is evident by all the preceding Lines of Dire€tion of the Body &, foz
the diagonal Ling fe 15 the fame to the Line & 4, gsitisto the Line £ 4. That

#s, the Angles /4 ¢, and ¢ b ¢, ave cqual, and confequentdy the Diagonal ﬁ:;
: : ; Ve lrich
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whickiis the fecond Line of Diredtion of the Body &, is perpendicular toithe
Augle b d. and therefore is a proportional to the Force imprefled at 4.

Trelike is to be underflond of the Diagonal # ¢, which is perpendicolar to
the Angle e #, alfo of the Diagonal » #, which'is perpendicular to the Angle
o p. and'of the Diaganal » =, which isa Perpendicular to the Angle? »
x, £, ; ~

‘Tnar the Increafe or Diminution of Motion, or the Velocity with' which
any Body is moved by the Attion of a Power upoa it is proportioal to that
Power is evident; for if 1 apply « eermin Power t5 a Bady, thar will make it
move with {uch Velocity, as to pafs in one Midure coo Yards; to male twe
fuch Bodies pals 500 Yards in one Minate, will require a Power donble to the
tormer, becuufe there is dauble the Quantity of Matier, to be femoved fn'the
fame Time. Aud on'the wther hand, if this doshie: Torce be applied to cicher
ode of the aforefaid Bodies. which are fuppofed to be caual, s Véloeity will
be doubled, and confequently it will travel a choufund Yards in oiie’ Minuze.
Hence 'tis plain, that the Degreeof Motion, inth which any Rady is piit out of
a Stazeof Refl by any Force orPower, will be proportional to that Power :
that is, -a double Fower will give twice the Veloeity, a treble Powerdhvee times
the Velocity, a quadruple Power four times the Velocity, &e

Loawe TIL

Ripulfe, or Re-adion i always egual, and in cantrary Direfiion o Impalle or AFior,

i ¢, The Afiicn of twva Bodies upom cash sther is alwvays egual, andin contravy

Liirgéitons, b

Warw any Body 2&s upen another, the A&tion of that Body uboh the other
isequatled by the conrary Re-altion of that othes Body upon the Fielt, aad are
both contraty in their Dire@ios.. The Re-aftion: of Bodies s catied: by their
Elaflicity, whichall Bodiesin Nature have in lome Desree or ather, thaiph nong
are perfectly Blallick. M the Body a, Fig, C, Plafe LXX V], defctnd cbliquely
to: b, and lir'ke the horizontal Line at 4, it will by itz Elatticity rebound un
towards ¢, and the Angle # 4 ¢, which is called the Angle of Refle@tion; will be
equal to the Angle « 6 ¢, 'the Angle of Incidents.  The Elafticity of a Body is
a Springinels of its Parcs, in the Rocovery of its Form immediately after its
Form has been alered by ansther Body adting againll it; as in Wool, when its
Figure, atter being prefied down is changed, it will, when the Prefiiire istaken
away, 1pring up to its natural Seate as belore ; fo likewile a Bladder, blown full
of Air, by being prefied on aay Pact, its Formis changed, butché very Tuffant
of Time that the Preflure is remaved, it will, by the Spring-of Aie within, e
eover its' former Figure; and every Force fo applied has ag the fame Time
an cqual fpringing Force afling againtt ir, which is the Re attion of the Budy:
Swoan Hoop of Iron er Waoed, truly cireular, as b & Frg. 1. by bejng fruclke
on, or let fall on the Ground, 'will ar the Inftant of the Swoke'gr Fall be
changed into an Eliiplis as ¢ fe g, but by its Elaflicity, or Springinefs of Parts;
it will recover itielf into a Civele apain. ‘The A&tion and lte-a&ion of Bodies
on Wazer it very eafily underiiood 5 for if band ¢, Fip. . repreféat tiwo Dedts
of egual Magnitude and Weight, floating ona ftagnant Water, and 1 Man fiand :
ing 10 &, by means of a Rope, pull the Boat ¢ unte him, the Veliele will ros
act, and at the fame Time pull the Veflel b towards it, with the fameé Force,
fo that both Veflels will theet at 2, wihich is the Widdle batween Both., Now
*tisvery plaiin that, thavif rlie Velie! ¢ did not re-aét the fime Force on the Perfors
in the'Veffel & as the Forceof the Perion in b 2éls on ¢, they would not meet
at ay

Now, fince by this “tis plaih, that Adtion 2nd Re:aGion aré equa), therefsfe &
Body ac Reft cannot be removed by any Foree, thatis Jefs than ws Weights and
as [ bave, in the faliing of Bodies, demenflrated the lnoreaie of Forée, i¢ 18
therefore to be underftood, that all manner of Foree given by Pieflire, Blows,
Lifiings, Pollings, Brawi Fer if
] " Eot8 prefs down the other; o
#3
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as juit to balance the Weight, the Force of my Preflure is then equal to a Pound;
and foin like manter I may continue to increafe that Foice on the one Side,
againft Weight in theother, until I prefs the whole Weight of my Body on the
Scale: And which being the greateft Force of this Kind, thatTcan make, there-
fore no Man, with a fingle Polley, can raife any Weight greater than thatof
Lis own Body, unlefs his Body is confined to the Ground.

Again, If with a Hammer I ftrike a Blow in an empty Scale, fo as juft to
raife a Pound Weight in the other Scale, the Force of that Blow may be f.li_r!-
to be equal to one Pound, althouph in reality ’tis fomething more, otherwife it
could not julk raife the Weight above the Level of the Scales.

Tw this Manner, the Force of Blows may be made equal to any given Weights,
and by this Method of ftriking'into an empty Scale, againlt Weight increafed or
diminifbied, as Oceafion may require, the Force of any Blow may be nearly znd
eafily difcovered; and fince that Bodies at reft cannot be removed, or put into
Aétion but by meins of Forees or Powers {upérior to their Weights, therefore
to remove heavy Bodies there has been an abfolare Neceflity of inventing divers
Kinds of Powers, which with the Strength of a lew Men will raife and remove
Bodies of very great Weights at pleafure, ;

LoE-€ 0 U RiE - HIL

OF the mechanical Pusers in general.

¥ HE Powers ufed for thefe Porpofes are ufually reckoned in Number fix,

wiz. Fitll, Libra, the Balance. Secondly, Fedis, the Lever, or Leaver,

Thirdly, Trochléa, the Pulley. Fourthly, dxis in Peritrockio, or the Axisin the

Wheel, and to.che Wind-lace, Fifthly, Cuaens, the Wedge; and fixthly, Cocblen,

the Screw: Butas I proceed, I fhall prove the Balance, the Pulley, and the

Axis in Peritrochio, to be no other than Leavers, and the Screw to be no more

than a Wedge, fixed about the Body of Cylinder; therefore the fix Powers are

reducible unto three.

Avw the Effedis of thefe Powers may be judged of by this

Rure,

Hhen tavo Fziphts ave appiicd te any of thfe Potvers, the Werghts avill equisonderate ¢
if awben put into Motigiy their Velocities be reciprocally proportional 2o their refpec
Hue Weights,

Fiwsy, Reciprocal Proportion is when in four Numbers, the fousth is leffer
than the {fecond. by fo mucly as the third is greater than the firit, and wice verfa.

‘T'ne whole Effedt of thefe Powers, to raife or fuftain great Weights with a
fmall Power, is produced by a Diminution of the Velocity of the Weight to be
raifed, andincreafing thatvof the Power, in a reciprocal Proportion of thetwo
Weights and cheir Velocities. That is, by piviog as much more Velocity to the
Power, as it weighs lefs than the Weight, that the Quantity of Matter fixed at
each Eud of a Leaver or other Power, being multiplied by its Velocity, may
fhew that there is an equal Quantity of Motion at each End ; and therefore it
will follow, that when cqual Motions aft with contrary Direéions, they caufe
an Equilibrum.

. Secanpry, an Equilibriom is when the two Ends of a Balanee hang fo ex-
adtly level, that neither doth alcend ordefeend, bat both keep in a Polinon pa-
rallel to the Harizon, which is canfed by their being both charged with equal
Weight, as the Bodies 4 ¢, hanging at the Ends of the Balance 4, in Fip. M.

In every Body there are properly three Kinds of Centres, «wiz. Its Center of
Magnitude, itsCenter of Motion, and it Center of Gravity.

Fiswr, The Center of Magnitnde of any Body is that Point which is equally
diftant from its extreme Parts, as the ceniral Point o, of the Sphere, Fig. L, &ec.
Secondly, the Eenter of Motion of any Bedy is-a Poire about which any Body
moves, when fallened any waysto it, or made to revolve or turn about it.  So
the Body e, in Fig. N. being faftened with a Sting to the Point &, and made

z ' to
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to turn about it in the Circle ¢ 4 & the Point a is the Center of Métion to the
Bady e,

Ix the followine Le@uares on the Balance, Leaver, and Axis in Peritrochio,
the Center of their Motion is called the Fuleram. Thirdly the Centerof Gravity
of any Body is that Point on which, if the Body be fupported or fufpended
trom it, the Body will reft in any given Situation.

Ix all regular Bodies, whefe Matter is equally the fame thronghout, the Cen-
ters of Magnitude and Gravity are in the fame Points, botin irregular Bodies
not fo; and therefore in irregular Bodies the Center of Gravity will defcend,
till it gets nnder the Center of Motion, unlels it be perpendiculacly over it
and from hence we are taught a Method for finding the Center of Gravity of any
irregular Bady, as follows, @iz, Sufpend or hang up fuch a Body fucceflively, by
different Sides, and with a Plumb-Line, let fall from the Center of Sufpenfion, fo
as to touch the Body in each Cafe. Obferve where thofe Plumb-lines would in-
terfedk each other, being continned through the Bedy, 2ud their Point of Inter-
fection is the Center of Gravity required.

To find the Center of Grawity comman to tavo, or more Bodies, connefed togethber by
ar inflexibie Rod, or Redy, Fig. V.and Z., Plate LXXVI.

Frrst, Let the Bodies @, Fig. V. conneled together, by the inflexible Rod
a ¢ of any known Length, be given. Divide acin 4; [ that a b isto b o,
as the Body c is to the Body a; then the Point 4 is the Center of Gravity re-
guired.

Seconovy, Letd 4 g, Fig. Z, be three Bodies, whofe refpe@ive Centers of
Gravity are joined by the Lines & &, &g, and dg. The Line & d, being fo
divided in¢, that & ¢ “ears the fame Proportion to ¢ 4, as the Body & bears to
the Body & ¢ is the Center of Gravity common to thofe Bodies, as before in
Fig. V. Draw the Line ¢ g, which divide in £; fo that ¢ # (hall be to £, as
the Weight of the two Bodies 4 and 4 are to the Body g then the Point 7
will be the Center of Gravity commen to the three Bodies }, 4, ¢, and they
being fuipended at that Point, will hang in a horizonsal Pofition.

To fird the Center of Grawily of a Hemifpbers, Fig, Y.

Mare & ¢ equal to § of its Radius ; thea the Point ¢ is the Center of Gravity
required.

L}Fua Center of Gravity in Geometrical Squares, Parallclograms, Rhombus's,
and Rhomboids, is the Point in cach Figare, where the two Diagonals incer{et
each other.

Avv the Parts of Hemogencon: Bodies have an equal Preflure about their Cen-
ters of Gravity, and therefore when the Center of Gravity of any Body cannot
dafeend, the Dody will remain fixed. T'his is manifeft by the Geometrical Square
ab d fy Fig. A B, whofe Center of Gravity is the Point ¢, and which cannot de-
fcend, unvi the Diagonal a £, raied on the Angief; has pafled the Perpendicu.
lari f, which will carey ¢, the Center of Gravity with it beyond g, the Perpen-
dicularof its Ba'e, when it will confequently defcend. The fame is alio o be
oblerved of the Rhombas # ¢ /£ #, whole Center of Gravity is ¢, and which muft
be removed in the Arch ¢ g, beyond o, the perpendicalar Limit of its Bafe / »,
before it can defcena ; but che Rhomboides » 5 1 <2, whofe Center of Gravity
=, being withoot @ =v, the perpendicular Limit of its Bafe 1 @3 its Center
will defcend in the Arch = 2, and confequently the Fig. = y 1 2w, cannot fland
on the Bafe <. From hence ’tis plain, ficlt, That ail Bodies, whole Certors
of Gravity are within the perpendicular Limits of their Bale, cannot fall, Se-
condly, Thatall Bodies, whofe Centers of Gravity are beyond the perpendicular
Limits of their Bafe,cannot (tand. Thirdly, That the Jefler the Baic of any Body
is, the eafier it will be moved out of its Polition ;. becaule the leaft Change is ca-
pable of removing the Line of Diredtion beyond its Bale. 'This is the Caufe,
why a Ball, whofe Bale is a Point and a Cylinder, whofc Bafe is a Line, are
rowl'd cafily by a fmall Force, on a horizontal Plane,

Bbz Ix
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T the following Leflnresit is tobe obferved,

Firse, That when a Power applied can fuitain 2 Weipht by the Means of a-
Rilauce,. EBeaver, Pulley, &2 if an Addition of Power, tho' fvbe as lictle as
can beimagined; be made, itiwill overpoife or raife-the \Weight.

SreonbLy, That the Weightof Leavers, Pulleys; &5c. and their Friftion is
not fuppofed to be any Thing, altho” Rules will be given forto find beth.

FrirbLy, Thar a Leaver ik confidered as a right Line, and the Pinon which
a'Pulléy moves the fame,

FourTiLy, By Power applied is meant a Foree; as that of Weight, Water,
Wind, &'cs

Fiepury, That whatever any of thefe Powers gain in Strength they lofe in
Tlmese

ds Bl P o R Es AV
OF the Balance.

HERE are three Kinds of Balance, wiz. The common Balance as ufed
to common Scales.  The Statera Romana, Roman Balance, or Steel-yard,
and the Falfe Balance.

Frzst, the commen Balanceis no other than a Beam divided into tivo equal
Parts, as & £, at ¢, Fig. O.(and by the enfuing Leftore will appear to be a
Leaver of the fitk Kind) which inftead of refting on its Fulcrum at ¢, the Center
of its Motion is there fufpended. The two half Parts £ ¢, and ¢ £, are called
DBrackia's.

To have the Ralance horizontal the Center of Motion muft be fomething
“above the Centér of its Gravity 3 for was they to be both in oue Point, which
they would be, was the Beam to bea right Line, asa e; then thole Weights
which equiponderated when the Beam hung horizontally, wonld alfo equipon-
derate in any other Pofition; whereas, when the Center of Motion is placed a
Jittle above that of Gravity as aforcfzid, if the Beam be inclined either way,
the Weight molt elevated will furmonnt the other and defcend, caufing the Beam
1o fwing, wnnl by Degrees ic recovers its horizontal Pofition.

Tue Reafon is very plain. Suppofe # i, Fig. P. be the Beam of a Balance.
put into an obiique Poiition, and the t'erpendiculars @ ¢, and 7 g, be drawn from
its Extremies gand 7, to the horizontal Line o b, "tis evident that ¢ g, the Diftance
of the Perpendicular 4 ¢, is greater than ¢ g, the Diftance of the Perpendicular g # 5
and as the Weight 7 3¢ equal to the Weight o, the Weight ar will therefore raife
up the Weight o.  But was the Ballance a right Live, as b &, having its Center
of Motion and of Gravity both in the Point ¢, then the Diflances de, and 24, of
the Perpendiculars & 4, ard b4, would be equal, and the equal Weights/ and =,
would equiponderate in that oblique Pofition, which the Bzam a'e 1 cannot do,
Leeaule the Center of its Motion isabove the Centerof its Gravity, which caufes
the upper Poiuta to be the Dillance of ¢ d, without the Perpendicuré 4, and
tie lower Point i to be the Dillance of g 4, within the P&rpcndicuian’: £, and
therefore ¢ eis longer thane g, by twice ¢ o

Tus Proportion that the Fower has to the Weight in the comman Balance 1s
as 1, the Length of one Brachia, isto 1, the Lenath of other Brachias fois
the Powerapplied, to Weight required, to equipoile it . ;

1i. THe Siatera Romana, 05 Roman Baluuce, commonly called the Steel-yard,
Fiw. R and Qo Plare LXXVIL ’

B e

"

"Tars Sortof Balange is called the Roman Baleses, from 1ts being ufed in
commion at Rowe, and it being originally made aboue 3 Feet 1 Length, ‘and. of
secel, “vway therefore called 2 Steekiyard, and is thos made ; prepare a dmall
{cume Bar of Jron or Steel, as 12,4, Fig. R. o any Length, and of equal Thick-
s, and levthe Point a be the Center of Motion, Make theflac End &.¢ of
wch Solidity, as o balivce theRart 1z 4. Acany Diftance from « fix a Peint
al " hings to be weighed are to be fulpended.

'

e, onsvhich chetay

Note,
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Note, The Point s beve fixed belonw the fireight Line V2 b, for the fame Reqfin
as in the commen Balance. :

Draw ¢ b, perpendicular to the Line 1224 1 make the Divifions, 2 15 1, 2 ;
2,35 3,45 e, eachequal toab. Then 1 Pound Weight, applied at 1, will
cquipoife 1 Pound ate; alfo 1 Pound Weight at 2, will equipoi'e 2 Pounds at
¢; aifo 1 Pound Weight at 5, will equipoife 3 Pounds at e and 1 Pound at 12,
will equipoiie 12 Pounds at ¢, &c. For as a & equal to ose Parc, 1s toa 12, 12
Pasts, fo is 1 Pound Weightat 32, to 12 Pounds (as the Bedy f) atc; and
therefure the Point @ is the commos Center of Gravity of the two Weighss, bes
caule 13 the Sum of the two Weigits, is to'T, the lealt Weight, as the Leagth
of the Balance isto one Part, the Diftance of the great Weighs, from the Center
of Gravity.

To find the common Center 3f Gramuity of tzve Bodies applisd to a Fesm of a known
Weight and Lengthy avhick is st balanced, as Fig. R.avas fippafed to be, By the
wore joiid Part b c.

Lerd &, Fig. Q_be divided into 13 Parts, let the Body x be 1 Pound, and
the Bod, % 12 Founds, and let the Poing @ be their common Center of Gravity,
and the Weioht of the Beam equal to 3 Pounds, On o the commoni Center of
Graviy, hang the Weight /. equal to the Weights » and &, and 4t &, the Center
of Gravity ot the Beam, hang the Weight z, equal to 4 Pounds, the Weight
of the Beam. Thenasithe Sum of the Welghts ¢ and /16 Pounds, isto 3 the
Teiler Weight g 5 {0is the Diftance b a, of thofe two new Weighits, 5 £; to 14z
the Dillance of #, from the true Uenter o Gravity reguired.

Ti. Atalie Balance, as Fig. S. hasits Beam unequally divided, asce, and ed,
which are to ene another as g is to 1@, e and its Scales beiny alfoin the fame
Proportion, they will therefore equiponderate #s the juft Balance, and whatever
iswerghed in the Scale, hanging on ¢, will bes's Jefs Weight than it really onght
to be; but this Cheat is immediately ditcovered by changing the Scales.

LB G By WaRe ol # W
OF the Lever, comamonly called the Leawer.
f E ‘HER E are three Sorts of Leavers, which are diftinguifa'd by the different

Mansers of applying the Power and Weighe,

A Leaver of the firlt Kind is that, whefe Fulerum is between the Power ap-
plied, and the Weight thatis to be raifed, as Fip. A Q. Plare LXXVIL. where
thie Power iz applied &4, the Weight atc, avd the Fulerum at @, Henge tis
piain, that the common Balanee Fig. O, the faife Bulagee Fig, S: and the Roman
Balance Fip, K. are all Leavers of the full Kind, becaufe tieirCenters of Motion
as Fulecams, are betsween thuir Powers and Weights,

To kpow what Weight can be raifed by a Leaver of the firlt Kind, this is the
Analogy.

s the leffin Bracisia 2. ¢ is to the greater Brackiad a, fo 15 the Panver applied ar d
to the Weight it auiil eqaipsfe ot €. Thereforea little more being added to the
Power at b, will raife the Weight required.

Tue Lengrh of a Brachia is the Diftance of a Power, or of a Weiohe, from a
Felerum, and is always cqual to a Perpendicular let fallen from the Falcrum,
upon the Line of Diretton of the Power ar Weight, Boé i, Fig. A N, isthe
Difiance of the Power at #; becaufe tis perpendicular to the Line of Dire&tion
d by of the Power atd, is like manver the Line 7+ which is perpendicualar to
£ &y the Line of Direétion of the Powere 15 the Diltance of the Power ate, asallo
is s the Diltance of the Powver atc.. Hence ‘tis plain, that the greateit Power
is'that at 4, whofe Line of Diredlion is rightangled with the Leaver 4 4, and
which is yet more evidently fo by the Power applied at g, whole Diftance from
the Fulerum is no more than 47, equal to the Perpendicular 7 /2 The like is
atlg to be underfiood'of bended Lewvers, as Fig. A F, AE, A G, and AL,

Iy
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Ir matters not, whether the Brachia's of a Leaver be ftreight or cwrved. as
Fig, A M, znd A I, for in both thefe Cafes the Diftances of thePowersand of the
Weights from their Fulerums are the chord Lines of the Arches, znd not the
Arches themieives, The nearer the Weight is 1o, and the larther the Power is
trom the Folerum, the lefs will be the Power, and the lufs will be the Height
that the Weight can be raifed; for if the Body £ in Fig. W. be removed nearer
to the bulcrum from ¢ p unto s, it will not require fo great a Power at o, to

raife it, aswhen at o p, nor can it be raifed fo high, as when ato p; for if wvo-

equal Bodies be placed at#a, and 2 #, and s the End of the Leaver . be forced

down to ¢, the Budy o p will be raifed to 2z ¢, and the Body »#, bucto ¢ 4.
Wruw a Bodyison the End of a Leaver, as the Body'z o /¢, Fip. A K, 0

as to have 1ts Center of Gravity above the Leaver, and is equipois'd by a Power

at w, whofe Line of Direttion is perpendicelar to the Leiver /4 ; that Power
will be increaled as the Body is raifed, as to p 4, and decreafed as the faid Body

1s ler lower 1o £g 3 for in the firft, the Centerof Gravity of the Bodyatp s

Lrought nearer to the Fulernm, and in the [alt at kit is farther. When a Body,

fix'd to the End of a Lieaver, hasits Centerof Gravity below theLeaver, as the

Body 8, 11, 10; 12, Fiz. A H, to raife the Rody asto 7, 5, the Power muft be

increaled ; bae to lev the Body down as to 16, 14. the Power malk be decreafed 5

for tis evident that 13, 14, the centra! Linz of the Body at 16, ¥y, is nearer (o

the Fulerum chan 3, 1, the central Line of the Body ac 7, ¢, and confequently

will be equipois’d at 4, by a leifer Power as e, than thatof g, reduired at f£.

Teese being underftood, the Nature of Leaversin general will be made ealy,
. as inthe following Probiems doth appear.

Proerem I.

The Length and Weight of @ Beam, awbich has @ Body of known Weight fx'd to ore
Lud, betug given, to find the Center of Grewisy on the Beam, on which one Paré
of the Beart jhatl equipoife the other Part, and the given Body olfs.

RuLg, as the Sum of the Weight of the Balance and of the Body is to the
Length of the Balance ; fo is the Weight of the Body to the leffer Brachia; or
{o is the Weight of the Balance only, to the greater Brachia.

Pron. 1I. Fig, T. Plate LXXVI.

Tewso Bodies as € g, of hnoavn Weights, of avhich g is bung at by to the End of 2
Beant of knawen Weight and Length, wvherein the Fulcrum is fixed at 2, to find a
Point as ¢, to hang the Feight e, fo that the Weight e, and the Weipht of the
Balance, jeall equipsife the Weight g. -

Ler the Length of the Feam be 14 Inches, its Weight = Ounces, and the
Fulcrum z one-Inch from &, let the Body g be 15 Ounces, and the Body e 1
Cunce: divide the Beam in the Middle at 4, and there hang the Body £ equal
to 2 Ounces the Weight of the Beam, Then as a4, one Inch, the leffer Brachia,
is to « 4, fix Inches, the greater Brachia, fo is the lefler Body £ 2 Ounces to
12 Quneces, which is a Parc of the Body g, whofe Weight is 15 Ounces, which
is 3 Ounces more, than the 12 aforefaid. Te find the Point ¢, where the Body
¢y equal to 1 Ounce, will equipoife the aforefaid 3 Ounces: Say, as the Body-e
one Ounce is to 3 the remaining Qunces in the Body g, fo is 1 the leffer Bra-
chia b a, to 3 the Diftance of the Paint ¢, from the Fulcrum 2.  Then the Body
7 equal to 2 Ounces, is to 12 Qunces inthe Body g, as the Body ¢, equal to 1
Qunce, isto the 3 Ouncesin g, and therefore the Bodies fand ¢, being fix'd at
4 and ¢, will equipoile the Body g, on the Fulerum 2.

A Leaver of the fecond Kind is that, whofe Fulcrum is at one End, the Power
at the other, and hath the Weight between them, as Fip, X. Plate LXXVI. where
& risthe Leaver. a its Fulcrom, », the Place where the Power is to be applied,
armd 7, and o p, Weights placed between them to be raifed.

To knows avbat Weight éan be raifed by @ Leaver of the fecond Kind this is the
Aunalvgy. : ;

As t‘ﬁe Difance of the Weight from the Fulcrum is to the Diflance of the Powoer
from the Fuleram, [375 the Posver #o the Weight, that «ill eguipoife it =

ENCE
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Hewce ‘s plain, that if a Leaver as 44, Fig. A O, be divided into 4 equal
Parts at 2 £ 7, if the Body ¢ be applicd as a Power equal to 1 Pound. it will require
2 Pounds to equipoife it in the Middle at f, becauie 1 Pound will ve fulta ned by
the Pulerum at /. And for the fame Reafon the Body at s mall be 1 Pound and
4, and that at/ mault be 4 Pounds. '

A Leaver of the third Kind hath its Fulcrum at one of its Ends, the Weight
at the other, and the Power applied in fome Part between them, as in Fig AP,
where n e is a Leaver whole Fulcrumis ate, its Weight at », and Power applied
Letween them as at £ 4 g, the equal divided Parts, as in Fig. A O.

To bnpaw wvhat Weight can be raifed by a Leaver of the third Kind, this is the
Analagy.

s the Length of the Leaver is to the Diffance of the Power frum the Fulerum, fo
15 the Pawver applied to the Weight it avill equipoifes

Now as the Power is applied between the Fulerum and the Weight, therefore
the Power mult always be loperior to the Weight; for if the Body s be equal
to 1 Pound, it will require a Power equal to z Pounds at 5; of 1 Pound and £
at 4, and of 4 Pounds at g, to equipoife it

To thefe three Kinds of Leavers fome add, what they call a Leaver of the
ath Kind, as Fér. A L, which in'Fat is no more than a Leaver of the firlk Kind,
a5 having its Pulcrum ¢ betwzen the two Brachia’s 6 ¢ and e d

LB C-T-T7-R-E Nk
Of the Pullyy.

N upper Pulley adds nothing to the Power, for in Fig. A, Plate LXXVII.
to fultain the Body Fat ¢, there muft be a Power applied by ¢at a,
which is equal to the Weight of the Bedy /5 becaule 2 4, the Diftance of the
Yower from & the Ceatre of the Pulley, is equal to 4 ¢, the IZilftance of the
Body from the Centre ; and from hence 'ds plain, than an upper Pulley isa
Leaverof the fisft Kind, becaule confidering its Diameter, as the Length of the
Leaver, its Centre is the Fulerum, and as both the Brachia’s 2 ¢ and 4 ¢ are
equal, therefore an upper Pulley is of no.other Ufe, than to communicate the
Mosion of the Rope to an under Pulley.
Aw under Pulley, as Fig. L doubles its Force, for if the Body £ weighs =
Pounds, ’tis plain, that the Power applied at4 can {uftain buthalf the Weight
ecaufe the Line on the Hook & fottiins the like Quandty. Now if the Dia-
meter &4 be truly confidered, it will appear to be a Leaver of the fecond Kind ;
for as the Pulley is always rifing on the Line at 4, therefore the Point & is the
Fulcrum ; and as the Line is always lifting at 4, therefore that End of the Dia-
meter is to be confidered as the Power, and as the Centreof the Pulley is in the
midk between thefe Points on which the Weight hangs, therefore a Power egual.
to 1 Pound at/, will eqaipoifea Weight of 2 Pounds at ¢. Forasd ¢ 1, the
Diftance of the Weight from 4 the Fulerum, isto & 4 2, the Diftance of the
Power, fo is 1, the Power applied, to 2, the Weighe it will equipoife. Apd
in all T'ackles of ander Pulleys, the Power will be to the Weight it fuflains, as
¥ is to the Number of Ropes applied to the lower Pulleys; {o in Fig. ¥, the
Power at & is to the Weight, as11sto2 5 in Fig. C, as 1 is to 3, inFig. D, as
1istoa; in Fig. Eas 135106 ; and inFig. Fas 11510 6, ' 3
WeresTs may be {uftained by Palleys, with a fmall Power, the Pulleys being
applied as in Fiz. G, where the Body 4, equal to 1 Poand, will equipoife the
Bodys, equal to 8 Pounds. For as 1 Pound applied atsm, by Means of the
npper Pulley 7 £, will equipoife 2 Pounds ate, o 2 Pounds applied at p wiil
equipoife 4 Pounds at ¢, and 4 Pounds applied at », will equipoiie 8 Pounds at
4y &c. Forasyatsm, istoz ate, fois zarp, fo 4aty, and 4 abs, 108 ata.
A WeicuT may be alfo {uftained by Pulleys with a fmail Power, the ul.
leys being applied asin Fig. M ; for if the Powerats be equal to 1 Poand, ard
againft jc be heng the Body / equal wwx Pound, they will together eguiy
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the Body g, equal to 2 Pounds, and the Body g, with the Power 1, and Bady /
equal to 7, which together are equal w 4 Pounds, will equipoile the Body 4
equal to ¢ Pounds, &'e, In Fip. H, the Power at 7, equal t0 1 Pound, equi-
poiles 1 Pound of the Body #, which tegether, by Means of the Pulley ¢ /£,
equipoifes 2 Pounds more of the Body £, and thele together being egual 1o
4 Pounds, by means of the upper Pulley 4 &, equipoifes 4 Paunds more in the
Body #: fo that in this Example, the Power at i equipoifes feven times its own
Weight.

L EEC T E RE VIE

Of the dxis in Peritrockie, commonly called the Wheel and Axis,

'H1S Initrument is no other than a Wheel fixed on a Cylinder, as 44, on
a b, Fig. W, Plate LXXV11. The Central Line @ 4 of the Cylinder is
called the Axis, and the Wheel 4 4 7 s called the Peritrochio.

Ir b d, and ¢ £; befixed on an Axis as @ 4, dire@ly oppofite and parallel, and
confidered as the two Brachia’s of a Leaver, then the Axis 2 4, on which they
aré fixed, will be the Fulerom ; and if 4 & be confidered as the Radinsof a
Wheel, as de, Fig. W, and e/, Fig. T, the Radius of a Cylinder, on which
the Wheel is fixed, as ¢ f; Fig. W, 'tis plain, thag this Machine is a Leaver of
the firlt Kind; and therefore, as e f, the Radius of the Gylinder, Fig. W, isto
d ¢, the Radins of the Wheely o is the Powser to the Weight 5 and.avhen Spokes or
Teeth are fixed in IWheels, then, as the Diffance of the Extremes of thaft on the Pinion
or fnialler Wheel, from the Axis, is to the Diffance of the Extremes of thofe on the
greator T’ﬁéﬁ- JSois the Ponver, thitbe Weigoe. :

By the Muliiplication of Wheels, very great Weights may be raifed ; an
Example of which I have given in Fig. K, where the Body g, equal to 1
Pound, equipoifes the Body », equal to 105 Pounds. By means of the four
‘Wheels #f 0 ¢; on whofe Cylinders are fixed the fmall Wheels ¢ ¢ 4, whofe
Teeth work in the Circomference of che large Wheels, the Radiusof every
finall Wheel on the Cylinders is 1 Foor. The Radius of the great Wheels are
as follows, ez, The Radius of the YWheel ¢ is 2 Feet and hall; of the Wheel
¢ 3 Feet; of the Wheel » 3 Fecrand helf, and of the Wheel # 4 Feer. Now
the Power g to the Welght » is thus caculated; Firnlt, 4 1, rbe Radius of the
JSmall Wheel b, ists 2 and bol?, the Radins of the great Whesl ¢ 5 Jais 1 the Power
Q, fo 2 end balf the Weight that it «will equipoife ot 0o Sccondly, As 1, the Ra-
ains gf the fmall Wheel ¢, is 1o 3, the Rudiuvs of the great Wheel o, fo is 2% the
Poaver applied at 0, by the finall itbes! b, to 7% the Weight that aviil equipoije at g.
Thirdly, afs 15 the Radins of the jinall Wheel &, is ts 3 and & the Radius of the
great Wheel my fais 7 and 3, the Peaver anplizd ar g by the fmall Wheel €, 1o 26
and & rhe TF eipht that avill equipoife ar n. Foortily, 4 1, the Radius af the Cy-
lemder D, ds ta 4 the Radius of the great Wheel vy fo 13 20 and Xy the Power applicd
at 0, by the fmall Wheel @, to 105 the Wiight v, that avill but equipoife the Body

eqaal to v Pound. 1

Tuz Application of 2 Power to a Wheel is always the greateRt when applied
at right Anigles to iis Radius, as the Power g f; Fig. L, Plate LXXVII, which
is perpendicular to the Radjus ¢ £; and at the Diftance of ¢ £ fiom the Fulerum 3
therefore when a Power is applied ebliquely, as & 4 to the Radins¢ 4, the Powes
i5 Jeflened in Proportion, as Feisto e,

LECTURE VIE

OF the I edge or inckined Plans.
WIHDGE i3 the molt plain and fimple Inftrament of a1l the methanical
Powers, and is pucinto Aétion by theading or firiking of another Body
upon it, which is called Poreafion.

Tus
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- Tus Center of Percuflion isa Pointon the Top Surfaceof a Wedge; which is
diveétly acain® the Cenver of the Bady fruclk thereon ; fo -:'w' einke, FLig, A Cy
15 the Center of Percufiion, as being dir LLJ) againlt &, the Center of the Budy,
or Mulles 4 ¢, whofe Line {qu\.i_;l.)l] 15 A

Iide 10 be cblerved here, a- in the preceding Powers, that the greateft Force is
made, ulun ehe finking Bady [alls porpendicdlar npon the upper Surface of the
Wedne, as the Mallet b ¢, on the W f it the Body 4, Frz A D, whole
Lmu ui Lmtuwu. is o d.

T'o gndesltand the Power o
Asa Er e, Fiz X, the Lenuihs ui ‘.
mult be known ; for ds the pe
& &, equal to 4, fois a l'"m
Taiie ; a d rher [ e, the lonyer il

Ved e, which is fuppofed toberight-angled,
iic, and of its perpendicular Height & 2,
slar Height & a, equal to 2, is to the Bafe
to 1o I’OL‘nu., te 20 the Wei E:"'* it will

P Rale] 16, with r:wed to the Heigl u the lefler
is the T Power required 3 and the thorter the Bafe is, the greater the Power muik
be, For fu 1pp ol e

v fuppol s Triangle ¢ & g, to be a Wedgeof eqmu\\«expi,tw»rn,:&r,
e Bafe ¢ p is equal 1o 3¢ Then as 2 fs w0 3, {o is 1o the alorefaid Power
t0 15, wh fch 1 § 5 Jefs than 20, the Weight raifed with the fame Power

the Wedpe = ¢ ¢, and therefore & Weight of 20 Pounds with the
% edocc g e, the Pewer mefl be iner dto 13 Pounds . Forasz istog, {of
15 13 f to 20. Bt zofe, Thatin all thefle Caleolatinns, it is fuppofed, “that
there 15 no Oblruction | by l"i\_zi’ o, but that the Surfaces of Planes, Wedges,
&'¢c are perfelly fin coth, Bodies may be raifed “y the Means of one \\ .,
asithe'k (Jdv danto g, by the Wedoe 2 u ¢, Fig. Z. if there be a refifting \czf.'v

as fo, that will admit the '\"uﬂwc wbie, to pa!.. along the Line & gito 4 ;

when two Wedges mumally refitt “the Weig -]n: of the Body. to be wud as g 11 i
ande e fy Fig. O which beiog equally driven by I othei's Sides, wjii raife
the Body O unto the Line .

To raife 2 Body from the Ground, as ah b ¢, Fio. N, by o C"nx of th \, Tedog
¢ fe, 1s the fame thing as to {plit a Body :ih.n\!(“, 2s Y, iw\ the Wedee & 2; for
if the adhering of the Parts of the ody together, sviiich are to be difu '1.i[-.‘ﬂ' by
the Wedge, be conﬁdrrcd a8 Weishe, the Power, in borh Caies muit be equal,
and the Force with which 2 Wedge m.l o lift a W . or difonice the Parts
of a Body, by a Blow uponits Ecd, will bear th ropurtion. to the Force,
wherewith the Blow would adt on the Weight, if direflly applied to It, as the
Velocity whicl the W edge receives from the Blow b to the Velocity where-
with the Weight is iif tcd or the Mares of the Pods- dilaniied by the \. e

Borrzs may be cg .l‘:cm' d.on-aninclined Plane, as the Body ¢,
LXXVII bya \er:l-‘-ht of ieis Force, as the Body «, provided th
be to the Bodv &, @ th
Fypathenule.

3 the ch,
he perpendicnlar Hejghe of the inclined Plane is'to s

about the
confidered asa Cyl
» %, bounded by div
&e.

Tae Screwasanplied in twe
Serew, which is called the Female Screw or Nut.
ner, as the Nawre of the C‘Lc..mh req
Wheel, as to the 5 Spindle cf the F

Tz Force of a Serew is ace | iz of Thread
makes with the Haf: I3 4 i: is .f-ulhr a Wedge, iherefere the
mare acute the Afcent of the Thread is, the lefs Power is requi
For, ds"the Fleightof the Thread on one half Re volution, is to th

o
L=

<
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ference of the Cylinder’s Bafe, fo is the Power ta the Weight; becaule the Height
of the Thread is confidered as the Height of a Wedge, and the Semi-circum-
ference of the Cylinder's Bafe, as the Bafe of 2 Wedge; and as this Power is
worked by a Leaverof the fecond Kind, it may be made of prodigious Force :
Suppole a Screw of 7 Inches Diameter, whofe Circamforence is 22 Inches, have
its Thread to rife 1 Inch in halfa Revolution, then the Power of {uch a Screw
will be as 1, the Heightof the half Revolution of the Thread, is to 11, the half
Circumference of the Cylinder, fo will the Power be, to the Weight it will equi-
poife. Andif a Leaver of 10 Feet in Length, bave its End put into the Cylia-
der of the Screw, fa as to be jultat the Axis of the Screw, which is done by
putting 3 Joches and a half of the Leaver into the Cylinder, then the Axis of
he Screw will be the Fulerum of the 1 eaver, and the Outlide of the Cylinder
will be the Weiaht to be removed.  Now as in the remaining Length of the
T.eaver, wiz. g Beét 8 Inches anda half, equal to. 115 Inches, contains 3
Inchies and half, the Diftance of the Weight from the Fulcrum, 35 times and 5 3
\erefore the Power of the Leaver only is, asTisto 33 and . Now fuppofe 4
Man’s Strength to be equal to 100 Pounds, then as1 s to 33 and §, fois 100
to 3300%; and as the Force of the Srew is as 1 is to 11, fo1s 33001, the Power
appiied on the Screw by the Leaver, to 35,301 Founds # its Equipotic; which by
a {mall additional Power continued, may be raifed to the Height of the Screw.

ra!

EEBECTURE X

OF the Velocities awith suhich Dodizs are vaif-ds and the Spaces through avbich they
and their Pozvers move.

H AT any Eogine mains in Power, it lofes in Space : Tn the Leaver, Fig.
VV W. Plate LXXVL. if 5 # be double to» p, the End s being moved
down to £, muft move with twice the Velocity, that the End p will do, in mov-
ing to g, and the Arch p g will be but half the Arch sz

Tut fameis allo to be obfrved in the Leaver ar, of the fecond Kind, Fig. X.
for in raifing its End »to g, the Bedy at m », removed toc &, the Eud ~ will
move with double the Vielacity of the Body s », for the Arch » g is double the
Archw#. TIn the raifing of 2 Weight by one or more under Pulleys, the Space
through whieh the Power muft pas, isto the Space throogh which the Weight
muftrife, as the Power is to the Weight; fo in Frip. ¥, Plate LXXVII. as 1, the
Power at x, is to 6 the Weight at W, fo is 1 to 6, the Space throngh which
the Power muft pafs ; and therefore to raife the Body W, 1 Foot in Height, the
Power » mift defeend 6 Feer, and confequendy muit move with 6 times the Ve-
locity of that of the Weight.

T like is alfoin the Wheel and irs Axis; for to caufe 1 Revelution of the
greateft Wheel #, on which the Body r is fixed, the little Wheel ¢ muft make
42 Revelations ; and if the Diamecer of the Cylinder p be 2 Feet, the Weight
will be raifed 6 Feer 3, Butas che Diameter of the fmall Wheel e is 5 Feet, the
Power ¢, equal to ¥ Pound, muft pals through a Space equal to ¢z times 15 ['eet
% jts own Circumference, ‘equal to 660 Feet, or fo much Rope muft be drawn at

from off the Wheel ¢.

As [ have already noted, that the more acate the Angle of a Wedge is made,
thelefs Force is required ; therefore whatever is gained in Force by. the Acute-
rofs of the Wedge, fo much is loft in Space or Time, becanfe the more acute a
Wedae be made, the greater Length the Wedge muft be, to rife equal in Height
with another Wedpe, whofe Angle is lefs aca'e; and in the aforefaid Example
of the Wedge and Leaver the Power muft revolve 30 times in a Circie of 20
Teet Diameter, whofe Circamference is 62 Feet §, 1o raife the Weight 5 Feet

in Height, which Space is equal to 1835 Feet, .

PART
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PART VIIL

Of HyprosTATICKS.

H E Word Hydroftaticks, is derived from U =0 I ater, and ceToxn the Science

of Weight, from sa7ie o aveigh. As to fully illuftrare this Science in every
of its Particulars, would not enly {well this Volume much beyond its ntended
Buik, but would contain many Particulars which are not immediately ofe’vl to
Warkinen, for whom this Work is defigned, T fhall cherefore only fpeak of fuch
Parts, as are ablolutely neceflaiy to be underftood by Worlmen in general.

Berone we proceed to this Subjedt, I muit firlt explain the Nature and Pro-
perties of Air,

Atz is an invifible fluid Subfance, which not anly environs the whele Globe of
Tarth and Water, butis alfo contained in the Interitices or Pores of all Bodies.
Its principal Propertics are Fluidity, Tranfparency, Rarfication, Condenfation,
Elafticity, and Weight or Gravity.

Tuar Airis a Fluid is evident by its yiulding to every Farcej that’iis tranf-
parcnt is evident to every Eye ; that it may be rarebed 15 cvident by the Experi-
ment of an empiy Bladder tied clofe at its Neck, aud laid before a [five, which
swill (o varefy the litde inclos’d Air, as to make it extend the Bladder toits ut-
imolt Stretch, and zt laft break throvph it, with a Repore equal toa Gua,  And
by Computation it is prav'd, that the Airat 7 Miles Aliitude from the Kaith is 4
timnes rarer or thinner than at the Surface; at 14 Miles Alditude 16 times raren;
at 21 Miles 64 times; as 28 Miles 256; at 35 Miles, 1024 times 3 at 70 Miles
ahoot 1,000,002 ; and fo on'in a gecmetrical” Proportion of Rarity, compared
with the Arithmetical Proportion of its Alsitude.  Féde Sir Haae Neavton's Op-
ticks, Page 342.

By various Experiments it hath heen proved, that Air may be {o condenfed,
as to take up but Jx Part of the Space it poifels'd before, and Mr. Boyyle found
its Spring or Flatbcity fo great, as to dilate or expand ifelt fo as to take up
13760 times 2 greacer Space than before. This Power of Elallicizy is accords
ing to its Denfity, and its Denlity is Jound by Experiments, to be equal to s
Compreflion.

Tue Weight or Gravity of the Air has been proved by divers Experiments of
the Air pump, and Baromerer, and 'ts found, that a cubical Foot of Air at the
Farth's Suelface is 830 times lighter than a cube Foor of River Water, and
therefore its Weight is fomething more than 1 Ounce and ;3555; but the
Weight of a Celumn of the Atmuofphere, ona {quare Foot of the harth's Sur-
face, when thie Air is the heavieft, is found to be equal to 2259 Poands Ausir-
dupeife, far which Time the Mercury will rife to 31 Inches) which is 15 Pound:
and 11 Qunces, on every fquare Inch.  But when the Air is lighteft, then the
Mereury is raited but to 28 Inches; then the Weight of the Armofphere cn every
{quare Foot is but 205 Pounds, and on every {quare Inch 14 Pounds and «
Qunce.

Tre greateft Extent of that Part of the Air which is called Aeamfphere, from
the Susface of the Barth and Seas, iswabout 45 Miles in Helght,  I'he Weighs
of the Air is greater the nearer it is to the Earth's Surface, which is caulcd by
the great Weight of the Air next above it. k

C ot Tn




Of HYDROSTATICKS.
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I HE Four Books of Arcurrecrune : By Axoria Parranio, iz

Book 1. Containing the Five OrpErs, and the moll neceflary Ob-
fervations in Building. Book z. In which the Defizns of feveral Houles or-
dered by him both within and eut of the City are comprifed, and the Defigns
of the ancient Houfes of the Greeds and Lasins. Book 3. Whereln the Ways,
Bridges, Piazzas, Bafilica's, and Xyfli are treated of. - Book 4 Deferibing
and figuring the ancient ‘Temples that are in Roine, aud fome others that are
in Ftaty and out of Jtely. Literally Tranflated from the Original Falian, by
Tsaac Ware, Efg; Pardcolar Care has been taken to preflerve the Proportions
and Meaftres from the Oiiginal, all the Plates being Engraved by the Au-
THor’s own Hand.

1
1. A New Gunerat Exerisu Dicriowary; peculiarly caleolated for
the Ufe and lmprovement of fuch as are unacquainted with the Learned Lan.
guawes.  Wherein the dificult Words, and Technical Terms made e of 1n

ArvaTowny, Hawg ne, NMecHANIURS,
AKCHITECTURE, H raup. v, MiriTazy
AR UMETICE, Hisrory, Mu y
Angruza, Horsemansuire, NavicarTti w,
ASTROBOMY, Hurting, PaiNTing,
Borany, Hussaxpry, Poezr¥,
CHYMISTRY, Law, Ruasrorick,
DiviniTy, Locick, ScrrpTURE,
GAaRDENING, Marsemaricks, SURGERY, &c.
GrRAMMAR,

Are not only fully explained, but accented on their proper Syllables, to prevent
a vicious Fronunciation; and marlced with Inuial Letters to denoie the Pare
of Speech to which each Word peculiarly belongs. To which is prefixed, A
Compendious Englith Grammar, with geacral Rules for the ready Formarion
of one Part of Speech from another ; by the due Application whercof, {uch as
pnderftand Englith only, may be 2ble to write as corredtly and elegantly, as
thole who have bren fome Years converfant inthe Lacin, Greek, &c. Lan-
guages. Together witha Supplement of the proper Names of the moft noted
Kincdoms, Provinces, Cities, T'owns, Rivers, &c. threaghout the known
World: Asalfoof the molt celcbrated Emperors, Kings, Queens, Priells, Poets,
Philofephers, Generals, &c. whether Jewith, Pagan Mahometan, or Chriflian ¢
but more efpecially fuch as are mentioned either in the Old or New Teltament.
"The whele alphabetically digefted, and accented in the {ame Manner, and for
the fame Parpofe, as the preceding Part; being collefled for the Ule of fach,
as have but an imperfeét Idea of the Englith Orthography. Originally begun
by the late Rev. Mr. Tuomas Dycng, School Mafter of Stratford-le Bow,
Autlior of the Guide to the Englith Tongue, the Spelling Diftionary, &c. and
now finithed by Winrram Parpon, Gent. The Twelfth Edition, with the
Addition of the feveral Market Towns in England and Wales; giving 2 ge-
neral Defeription of the Places, their Sitwation, Market. Days, Government,
Manufaétures, Number of Reprefentatives fent to Parliament, Diftance from
Londen, both in computed and meafured Miles, &c. Price 6.
N. B. The Additioss may be had alone, Price 1 s.

1I1. A Treatife of Architc@®ure, with Remarks and Obfervations, by that ex-
cellent Mafter thereof, Sebaltian Le Clere, Member of the Academy of Arts and
o e Sciences.
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Sciences. Necefary forall Mafons, Joiners, &, or any who defire to attain
to 2 Knowledge of that noble Art. In two Volumes in O&avo, the third
Fdition. Tranflaced by Mr. Chambsrs, Price 105. 6d. To which are added,
200 curious Copper Plates by the late ingenious Mr. Sturt,

1V. A new and compendious Syftem of Prattical Arichmetick. Wherein the
Doctsine of Whele Numbers and Fraétions, both Vulgar and Decimal, is folly
explained, and applicd to the feveral Rules or Methads of Caleulation ufed in
Trade and Bufinefs: And by fhewing aud comparing the nataral Dependance
upon, and Agreement of, one Rule with another, the whole 15 render’d more
eufy than heretofore, and the Learner isinftruéled in the Vulgar and Decimal
Qperations together, which at the {ame time demonftrates the Reafon as well as
the Prafticeof both, . By #5lliam Paraon, Gent. Price 4s.

V. The Buizver's Pocker Companion : Shewing an ealy and praftical
Method for laying down Lines, for all Sorts of Arches and Curves ufed in
Houle-Building, Ship Buildinz, Gardeving, &c. alfo to malce the Centers ot
Ribs for Vaults and Clelings, and Bracke:s for Coves, either regular or ric-
alar.  Together with true and concife Rules, to find the Lengths, Bevels, and
Moulds for the Back of an Hip in any Kind of Roofs, whether Square or Buvel,
Hexagon or Pentagon, &e. let their Ralters be ftraight, or Curves of diffcrent
Sorts.. To which are added, the five Orders of Columns, with the Entabla-
cores and Pedefials, the Proportions whereef are taken from the immortal
Axpirw PaiLapio, and laid down after Winniam Havrrenny's pradtical
Method : With feveral other ufeful Problems, never before printed. By
Micunagr Hoanre, Carpenter. ‘The third Edition, corrected. Price 2 5. 6d.

o)

VI. The Buinper’s Jrwel ; Or, The Youru'sInsTrucTOR, and Woerk-
wiaxn's Rememsrancer. Exprefing thort and ealy Rules, made familiar o
the meanet Capacity, for Drawing and Working., 1. The five Orders of Co-
lumns entire ; or any Part of an Order, witholit Regard to the Module or Dia-
meter.  And to enrich therh with their Rufticks, Flutings, Cablings, Deatules,
Modilions, &c. Alfo to proportion their Doors, Windows, Intercolumnations,
Portico’s, and Arcades, Together with fourteen Varieties of Raking, Cir-
eular, Scroll’d, Compound, and Conts aéted Pediments ; and the true Forma-
tion and Accadering of their raking and returned Cornices ; and Mouldings for
Capping their Dentoles and Modilions. z. Block and Cantaliver Carnices,
Rujhick Quoins, Cornices proportioned te Rooms, Angle Brackets, Mauldings
for'l ahernacle Frames, Pannelling; and Centering for Grains, Trafs'd Partiticns,
Girders, Roofs, and Domes, Wicn 2 Sction of the Dome of 8t Paul’s, London.
The whole illaftrated by upwards of 2co Examples, engrav'd en 100 Copper-
Plates. The Tenth Edition. By B.and T, Lancrey. Price 45 6d.

VII. The Workman's Gorpex Rule for Drasving and Working the Five
OgpErs in ArcuiTecture. Wherein thewr Pediffals, Columns, LEntablatures,
Impojis, and Arehes, are taken from the beft Examples of the Antients, and
sropoytioned by equal Parss, in a more concife, accurate, and eafy Manner,
than has been doue in any Langpage. For the Inftruflion of APPRENTICES
and JoURNEYMER Mafons, Bricklayers, Carpenters, [oiners, Carvers, Tarncrs,
Pajnters, Plailterers, Cabiner- Makers, &c. (and foch Masteas) who are un-
acquainted with fo much ArcuiTeeTUukE, asis abolutely neceliiry for them
o underftand, in their refpettive Profeflions. And Others, who defire a Juit
Knowledge of the Fundamental Rules of that noble At By B. Lancrevy
Architeft. Price 15.64d. Bound. 3

Vill. ArirameTicx and Messurement, improved by Examples and plain
Demoniirations . Wherein are laid dowa the differemr coftomasy Perches, and
oiher
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other Meafures, ofed in the feveral Parts of Gre AT :m'l IrcI:n" S
able to all Anils; but mere U'pfciu‘._\- thele wh cripl i Build
Gardening, Surveving Land, sadded the Ule of an Inflre
(engrav’d on A(_npgcr-; late) c.m‘d 3 gent Rule, for the tamz.g 3
Diftance within aQuaarter of a Mile. Iiluftrared with a greas Variety of ul:
By Wivnram Havrrenyy, Archite® and ;._.au‘l-\,un.:;r-or. Price 25 £

IX. The Youne Man’s Companton = or, The feveral
Learning made px,lf::ulv ealy. t
attaining to Read and Write true Englilh; che belt and
“uum’ Variety of Hands, with Copies both 111 Prote and Verl
write Letters of Complimens, Friendthip, or | i Forms of
ceipts, Bills, Bonds, Indeniure s LL.ML: and Releales,

Wills, &c. A fhore and d Lock-Keepi
Accompts, &¢c. An L\"l ran I“e,...d.r

i,_: i’lai.; Direétion

or r_"u has, afed by h Em ans, Nienfuration, app 'u_d to lhr‘ mei-
and } icklayers,
f “Jum‘av:s h .lonn, G:;z 5, and W’ori‘ H low to com-
pute the Charge of Buoil any i'a t m ren Gauging, Survey-
ing, Plotting of Land by : : g‘f\ zna Diftance
l)y the Quadrant, &c. Dhliances
I’eucd:, &c. of the Plan
alfo of the Couanties, Par
vations in Gardening, Pla ?
the belt Time 20 Prune tiwm T
for Marking on Linen, Pkl £,
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