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To the Reader.
Fﬁfend@ Reader, Thou haft once

more prefented to thy view, a
turther Improvcmcnt and ufe of the
A) fffar under the name of the Trmfz-
guler medz ant, {o called from th
{hapc thereof.

In the year 1660, itwasmy lot;
firlt, to m[‘ly and improve this ful—
mer Contrivance of Mr. Samue! Fg-
fler on a2 Quadrant, to a joynt Rule
or Seftor ; and did, in 16615 publifh
my prefent Thoughts thereof, in a
{mall Difcourfe; under the name of
the ?oyrzt Rule,

Since then, through my perfwafi-
ons,and afliftance,another Piece was
publifbed 1667, by 1.7, underthe
name of the Sew:-Circle on a Seélor :
But neither of thefe, thatisto fay,
neither my own nor his, {poke ‘what

A2 1 would




To the Reader.

I would have it fpeak ; neither have
I hopes ever to produce 2 Difcourfe
either for method or matter, worthy
or becoming fo excellent, univerfal,
and uleful an Inftrument, for the
moft Mathematical Occafions, being
for acuratenefs, conveniency,cheap-
nefs, and univerfality, before all o-
thers, For,

1. If it is made of Wood, if the
Wood keep but fireight, it is as true
tobe made ufe of as of Metal.

2. It may be made of any Radius
or bignefss and yet inlittle Room in
comparifon of other Quadrants.

3. More convenient to ufe when
large, than other Quadrants.

4. As to the Projetion for Hour
and Azimuth, pasticularly ufing oni-
ly two Lines of Natural Sines, the
Thred and Compafles for thofe two
difficult ( and many more eafi¢) Pro-
politions.

5. The neat Conveniency of a
oreater and a lefs Radius, double,

treble,



To the Rf?ade r,

treble, or quadruple one to anether.

6. The convenient Contrivance
that happens to it, of three Inftru-
ments in one, vig. A Seddor, Qua-
drant, and Gunte:’s Rule, all three
conveniently in one.

The confidcration of thefe tﬁ g5,
and the love and wil ingnefs I al-
wayes had,to the communicating of
them to others, hath put me on this
hard task of writing this Colicttion
of the ufe thereof,

Wherein I do moft heartily beg
thy Pardon and Acceptance, to ac-
cept in good part the willing endea-
‘yours of my poor Ability, \ducl 1
doubt not but to have from moft that
know me 5 For,firft, my infufficiency
in the Tongues, Arts, and Sciences :
Secondly, my Meannefs and Pover-
ty in the World, for thele Imploy-
ments, which take up {o much of 2
mans time, and apility, to perform
them to purpofe, may plead my ex-
cufe ; for firft, here is the Product

JAL 3 0:’:




To the Reader.
of more than Two years Improve-
ment of more than vacant Hours 5
with the great difadvantage of ta-
king thre ¢ Weeks at times, todo
tnm, which three Dayes together
moht have as well, if not muc-ﬂ bet-

ter, pct{%ormed And at laft, to call
the Affiftance of two others, to un-
dertake the Chasge thereof, tomid-
wife it into the World.

Thus, as Widows Mites are ac-

cepted, whichare offered in finceri-
ty 5 fo1hope will mine, though at-
fended with much diforder, as to
Method 5 more uﬂcoutlmd'b, as to
Stile md Matter . What it is, itis
as at firft Comp oling, for I could ne-
Yer gu Time nor Liberty, from my
daily Trade and Calling, to tran-
{cribe it twice,

Yet was it not done at any time
carclefly, but with good “»l‘] ‘and a
free intent of Pu-;lnnf,!u and ufeful-
ncfs for the publick good of others,
aswell as my gwn recreation and
delight, The




To the Readers
The Gunters Rule, the Quadrant,

and Se@or, 1 need not commend,
they are fo well known already ; but
¢his Twill add, a better Contrivance
and more general hath not yetto
my knowledge been produced 5 nor
2 Difcourfe where the ufe of all the
Three together hath fo been hand-
led,nor many moxc Exam ples;though
Mr. Windgate and Mr. Patridge have
done fufficiently for the Gunmters-
Lines, and Mz, Gunter for the Se-
Gor, and M. Collins with the Qua-
drant, and all of them diftintly far
beyond this 5 yet this Difcourfe of
all’ the Three together, may give
content to fome others, s well as
to me. -

‘The Difcourfe of Dialling, 1s ga-
chered from Mr, Wells 5 and yet
¢hofe that fhall read Mr. Wells, and
this, may often-times think other-
wife; for affure you, I{aw notone
leaf of his Book all the while it was
doing 5 but, 1hope, it may pleafe

A 4 in




To the Reader.
in moderate fort, an ordinary capa-
city, both for plainnefs; conveni-
ence, and variety.

The cutting of the Regular Bo-
dies, Ilearned from Mr. Fobn Leake,
and the way is ready, convenient,
and exact, and worthy of remem-
brance.

The Theorems, from Mr. Thomas
Diggs, as in its due place, 'is obfer-
ved. ;

The way of Meafuring : Superfi-
cies and Solids, from Mr. Gunter »
and my conftant Experience in thofe
Imployments ; and the Learner may
here be fupplied with what is often
complained on, wiz, the Interpre-
tation of Hard-words, as much as I
could call to mind, or think to be
convenient for that purpofe,

In the 1 5th Chapter, I have ga-
thered many Cannons from Mr.
Collini his Workes, and applied
them to the Trianpaler RQuadrant
and been more large than'necds in

U Yome



To the Reader.

fome places, yet I hope to the con-
tent of fome inquiring Perfons.

_ The bufinefs of Navigation , I
fear, may prove moft defective ; for
my pait, I never yet faw Gravef-end,
much lefs the Streights of Gibralter 5
but for Obfervation and Operation,
‘| the Inftrument will do as well as
any, if well made and applied.

So for the prefent, I reft and re-
main, ready to ferve you in, and
fupply defeéts by well making of
thefe Inftruments, at the Spbear and
Sun-Dial in the Great Minories.

Fobn Browne,

The
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The Argument of the Book, and
the Autbors Apologie,

T length my pains bath brought to
A k the things I long intendedy (pafs

And doubt not but in every place,
hereafter 't may be mended.

Tome it hath been of great ufe,
to others more likewife 5

Therefore let no man it abufe,
before be doth advife,

One Part thereof bath bad renown,
with Artifls far and near :

The other Part I flive to crown,
with ufe and plainnefs bere,

Alebough my Parts and Time be fmall,
to bold forth Arts ar{gbt H

Vet hauve 1 plainly ot forthall,
feemed ufeful inmy fizht.

And though 1 have not feen fofar,
as fome perhaps might fee 5

7 doubt not but that fome there are,
will pleafedwithit be.

For firft the Tyroes young may find,

Jome tevms tobe explained s [Which




‘The Argument of the Book, ¢,
Which when well fixed tn bis mind,
time quicklywill be gained.
Inthe next place Mechanicks mean,
that have [mall time to [pare;s
But yet may have a Love extrean,
to Mathematicks fair,
And others that of wordly Means,
bhave little to afford,
For vartons Mathematick Theams,
. this having, they are flor'd s
As firft with Gunters Sector, and,
bz Quadrant eke alfo5
By Fofter altred after, and,
with Gunters Rule and Bow.
The Travifs Quadrant and Crofs-
the Davis Quadrant toos  (ftaves,
Their ufes all to more than balfs,
this Inftrament will do:
1With this aduvantage more befides
of lying in lefs voom,
A fault that Saylors mnft abude,
when they on Ship-board come.
In the next place, the Rudiments
of Geometry evact
The right Sines & th-ir complements,
and how they lic compall, With-




The Argument of the Book,
Withina Circle, and the reft,
- the Chords and verfed Sines
About a Cixcle are expreft,
the Tangents, Secants, Lines,
And haw their afe and place 15 [een,
in Round and Plain Triangles
Which ferve to deck Urania Queen,
as Jewels, Beads, and Spangles,
Inthe next place Arithmetick,
by Numbers and by Lines ;
Inn wayes that won't be far to feek
by themthat ufe their times ;
Becaufe the Precepts are explain'd,
by things of frequent ufe, '
That for the moft part are contain'd,
mn (i ity Town, or Houfe s
‘As Land and Tunber,Boards & Stones,
Roaofs, Chimneys, Walls and Floor,
Computed and reduc’ d at once,
in Thicknefs, Lefs or Move,
The cutting Platoe’s Bodies five,
which are nat yer made ix 5
- dAudthem the beft way to contrive,
and Dials on thew fix :
Therr Meafure and their Magnitude,
an Cixcle circumferibed 3 Whofe



and the Author’s Apologie.

Whofe Properties by old Euclide;
and Diggs, bave been defcribed,

Ther aifo in Aftronomy,
are many Propofitions,

Which fitly o ¢h’ Rule 1 apply,

. eveuding repetitions.

And after, in the pleafant Arxt,
of Shadows, £ do wander,

To draw Hour-lines in every part,
both upright, over, and under :

And all the ufual Ornaments,
that on Sun-Dials be,

Which are defcrib d to the intent,
Sofs travels for to fee 5

As firft, bus Place and Altitude,
bes Azimuth likewife ;

His Right Afcention, Amplitude,
and Gow foon be doth Rife.

The fame alfo to Moon and Stars,
2 moderately appli d ;

Whereby the time of Night appears,
the Moons Age, and the Tide.

Then Heights and Diftances o take,
at ome, o7 at two Stations,

Performed by thofe wayes that make,
the feweft Operations, And




The Argument of the Book,
And alfs ready Rules to ufz,
zhe Logarithmal Table .
Whtch may prove ready Hints to thefz;
that are in thefe moff able :
And many otber ufeful Thing,
# feattered bere and there,
Whick formerly by Me bath been,
accounted very rare.
Andlafily, for the Saylors fake,
1 have fhent many an Hour,
T’ Trianguler-Quadrant for ¢4 make;
more ufefil than all other :
Sea-Inftruments that they do ufes
" at Sea for Obfervation ;
And fure I am, it won't abufe
them in their Operation ;
s in the following Difiourfe,
to ther: that walling be,
1t will appear with eafie force,
if they have eyes vo fee :
The Method and the Manncy us'd,
as neer as I was able,
Tofollow the old Wayes flill us d;
and counted wayrantable,
Andinthis, baving done my beff,
g Tl up my wale 3 Jfﬁf'i*




and the Authors Apologie, 7
Aferibing to my [elf theleaft,
would bave the Truth prevail ;
And give the bonour and the praife,
to bim that bath us made,
Of willing minds bis Fameto raife,
by bis affiffing aid.
To whom be honour now andeke,
benceforth for evermore,
Afcribed by all them that feek,
the Truth for to adore,

J. B.
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FEPTITRTITINIIIGIE
The Defeription, and fome tifes of the
Triangular Quadrant, 'or the Seflor
made a Quadrant 5 being an excel-
lent Inflrument for Obfervations and
O[r).ﬂmz:'wu at Land or Sea, perfor- -
ming all the tfes of the Fore.flaff,
Davxa-g@rd raut , Guntet s-Bow;
Gunter s-Crafs-flaff,Guuter’s-Qua-
drant and Sellor , with far more
rorr-m!m.ry atid ¥ g 8% neft
as any, or all of them will do,

Vel SV
3050

The Ddfcr.fp?:'aﬁ rb"renﬁ

1. Teft,itisa joynted Rule (or Seltor)
made to whatdLength or Radius
you pleafe, ( as to 8, r), 12, 18,
24, 30, Or 36 s Length,
when it is folded or f‘m::
fhorter of which Lenaths is b iz enough 'f‘n
L‘ﬂ‘i ufes, or Paper <*“111:‘ ts:3 tn:'r ur i {
for Sea ufes, orOblerva
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added, a third Pitl.’:cc of the fame length of
the Sector, with a Tennon at each end, to
fit into two Mortice-holes at the two ends
of-the infide of the Scétor, to make ic an
Kquilateral Triangle 5 from which fhape,
and its ule, it 1s properly called a Triangular
Quadrant.

2. Secondly, as tothe Lines graduated
thereon,. they may bemore or lefs, asyour
ufe of them, and asthe coft you will be-
ftow, fhall pleafe to command : But to make
it compleat for the promifed Premiles, thefe
that follow are neceffary to be infcribed
thercon, asin the Figure thereof.

+ And firft you are in order hereunto to
confider, The outer-cdges of the (Sedtor or)
Inftrument, che inner-edges, the Quadran-
tal-fide, che Se¢tor-fide, and the third or
loofe-picce, alfo the fized or Head-leg, the
moving-leg, the head,and the end of each
leg, alfo the head and lég ceiiter; of which
morein its proper place.

1. And firft; on the onter-edge is plated
the Lines of Axtificial Numbers, Tangents,
Sines, and verfed Sines, toas large a Radius
as the Inftrument will bear.

2, Secondly, on the in-fide or edge, on
fhore Rules 15 placed inches, foot mezfure,
the lineof 112, or fuch-like.  But on Jarger
Inftruments, a Meridian line to one inch,
or




or half afi inch (more or lefs) for ohe de=
gree of the Aquinoctial, for the drawing of
Charts, ancmdmo to Mercator, orany 0-
ther more ufeful me you fhall appoint fot
your m:rla lar purpofe.

2. Thirdly,in deferibing the Lines on the
two fidess hrﬂ I fhall fpeak to the Seftor=
fide, where themiddle Lines all meet a thé
Center at the head where the Joyntis: the
order of which ( when the heador joynted
end lyeth toward your left hand, che Seétor
being fhue, and the SeGtor-fide upermoft
is thm :

¥, The firft pair of Lines, and lying next
to you, is the Line of Sines, and Lme of

ines, noted at the end wich §;and L :
Sities '\nd Lines, the middle Linebetween
thtm that rans up to the Cc, ter, and where=
in the Brafs center pricks be, 1s common

both ¢o the Sines and Lines in all Pagallel
ules, or entrances.

2. The Line next thefe; and counting
from you, is, the Line of Secants beginning
at the middle of the Rule, and procmchﬂrr
% 60 at the cnd, and noted allo with Se for
bccmts, one of which marginal Lines con-
tmued vould run to the center asthe 0z
thep dld ;

3+ The next Lines forward,and next the ins
“er-edge on the moving-leg are the Lines of
B 2 Tangentsy




Tangents 5  the firft ‘ctf which, 4nd next to,
you, 1s the Tangent of 45, being the largeft
Raduus, (as tothe length of theRule: ) the
other is auotlier Taugent toone fourth part
of thelength of theother, and proceeds to
76 dearcesalitile beyond che other 45 : the
middle Line of thefe allois common to boths
12 which the Center pricks muft be, At the
end of thefe Lines is ufually fet T, T. for
iangents.

4+ On the other Leg of the Seftor, are
the fame Lines again, in the fame order
counting from you; wherein you may note,
That asche Lines of Sines and Lines on one
Teg, are siext the outward-edge; on the
other Leg, ‘they are nest the inward-edge ;
fothat at every, or an y Angle whatfoever
the Sector ftands at, you have Lines, Sines,
and Tangenrs to the fame Radius: and the
Secants to juft half the Radins, and confe-
quently to the fame Radius by turning the
Compaflestwice ;- Allo any Tangent to the
greater Radius above 45, and under 76, by
turning the Compafles four times, as after-
wards will moreappear : Whichconerivance
1s of excellent convenience to avoid trouble,
and fave time 3 and happily made ufe of,
in this contrary.manner to the former wayes
of ordering them,

5+ Fifchly, without or beyond, yetnext
Lo

~
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to the greater Line of Tangents on the
head-leg, isplaced the firft 45 degrees of
the leffer Tangenrs, which begin from the
Center at 4§ dezrees, becaule 'of the ftrait-
45 .
nels of the room next the Centers where
7 meet ina Pownt: yer this is almof of
the}' t 2] yet t lnoft of
as good ufe, as if it had gonet quite to the
Center, by taking any. pavallel Tangent
from the middle or common Line on the
great Tangents, right againft the requifice
N o ol on the [inall Tanceu
amber counted on the [mall Tangeur un-

1

xthly, sext to this will not be amifs
to:addea Line of Sines, to the fame Radius
of the finall Tangent lafl

laft mentioned, and
loured both wayes for Sineand co-Sine, or
{ometimes verfed Siues,

7. Seventhly, next toth's a Line of E-
qual Parts, and Chords, and the Secants in
2 pricked line beyond the little Tangent of
4%, allto one Radius:  To which (it you
pleafe) may be added, M, Fofers Line Soll,
and his Line of Lattudes 3 but chefe ac pleas

ure,

3: Eighthly, on the outermoft-part of

oth Legs next the out-fide, in Rules of half
an inch thick and under, is fer the Line of
Artificial verfed Sines, laid nescto the Line
ice s but

enough to bear four
Lings,

of Artificial Sines, on theoutere
%the Rule bs thic
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Lines, thenin this place may be fet the Me-
ridian Line, according to Mr, Gunter, coun-
ting the Line of Lines as a Scale of Equal
Parts, Thusmuch as for the Sector-fide of
the Inftrument.

4. Fourthly, Thelaft fide to be deferi-
bed is the Quadrantal-fide of the Inftru~
ment, wherein it chiefly is new. Therefore
1 fhall be as plain as I can herein,

To that purpofe I fhall in the defcripti-
on thereof imagine the loofe piece, (or third
piece) to be put into the two Mortife-holes,
which pofition makes it in form of an Equi-
laceral Triangle, according to the Figure
annexed, noted wich ABCD'; wherein
A B istor brevity and plainnefs fake called
the Moveable-leg, D B the Head or Fixed-
leg, D A the loofe-picce, B the Head, A
and D theends, C the Leg-center, at the
beginning of the general Scales ~ the center
at B the head-center, wufed only in large In-
ftrumencs, aund when you pleale on any o=
other.

For the Lines graduated on this fide.

Firfl, Ontheouter-edge of the moveable~
Leg, and loofe-piece, is graduated, the x80
degrecs of a femi.circle, C being the center
thereof, :

fnd
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And thefe degrees are numbred from oféo
on the loofe-picce toward both ends, with
X0, 20, 30,40, &¢. -and about on the
moveable-leg, with 20, 30, 40, 50, G0,
70, 80, and 90 at thehead: Alfo i is
niumbred from 60]o on the moveable-leg,
with 10, 20, toward the head; and theo.
ther way, with 10, 20, 30, 40, §0, 60 on
the Joofe-picces and fometimes alfy from
the Head along the Moveable-leg 5 with
X0, 20, 30, @"¢. to 90 on the loofe-piece 5
and the like allo from the end of the Head-
leg, and fometimes from 60 on the loofe-
Piece both wayes, as your ufe and occafion
thall require,

Secandly, Oathe Quadrantal-fideof the

oofe-piece, but mextc .the inward-edze is
gtaduated 6o dearees, or the Tangent of
twice 30 dearces, whofe cenzer, 1is the cen~
ter-hole or Pin at B, on the Head or Joyne
of the Seétor,

Which degrees are numbred three wayes,
iz, Firft from D to A for forward Obler-
Vations; and from the middle at 30 to A
the end of the Moving-lez - with 1o, 20,
305 and again, from D the end of the

ead-leg to A, with 40, §0, 60, 70, 8o,
99, for Qbfervations wich Thred and
Plummer,

B 4 Thirdly,
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Thirdly, Next to thefe degrees on the
Moving-leg, is the Line-of the Swas right
Afcention, numbred from 6o]o on the de-
gvees, with 1,2, 3,4, 5,6, toward the
Head, and then back again with 7, 8, 9,
10, 11, 13, &¢. 1,2, 3, 4.5, on the o-
ther fide of the Line, as the Figure annexed
theweth: The divifions on this Lineis ( for
the moft part) whole degregs, ox every four
minutes of rime,

Fourthly, Next above this is the Line of
the Suns place in the Zodiack, noted with
o & 1'% toward the Head 5 then back a-
gain with & #¢ = over 60jo 1n the de-
grees, and 12 and 24 in the Line of the
Suns vight Alcentions : then roward the
end, withm 2 vp; then back again with
avand ¥, being -the Charadters of the 32
Signes of the Zodiack, wherein you haye
expreft every whole degree, as the num-
ber of them do fhew, there being 30 de-
grees in oné Sign, _

Fifily, Next above this is a Kalender of -
Months and Dayes 5 eyery fingle Day being
expreft, and three or more Letters, of the
name of cvery Month being fet in the
Month, and alio at the beginning of each
Month, and every 1oth day noted with a
Prick on thetop of the Line reprefenting i,
as 1§ yltal in fuch work,

Sl.xf!}",
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Sixtly, Next over the Months, is the
Line to find the Houy and Azimuth ina
particular Laticude.  Put alwayes on fmal-
ler Inftrumenes (and very rarcly onlarge
Triangular Quadrants for Sea Oblfervations)
the loweft Margent w hereof, and next the
Months, is numbred from the end toward
the Head, with 10, 20, 30, 40, §0, 60,
79, 80, 90, 100, 110, ¥20, 130, nearthe
Head Center. For the Semi-diurnal Ark of
the Suns Azimuth, and in the Margent next
aboye this, with 4, 5,6, 7, 8, 9, 301 T)
12, ncar the end, for the Moraing hours
then the other way, iz, toward the Head
bu the other-fide che Hour Line, with 152,
3545 53 65 7,8, for the Afternoon hours.
_ Seventbly, On the fame Quadrantal-
fide, and Moveable-leg on the fpare places,
beyond the Months toward the end,is fet an
Almanack ; and the Names of 12 or more
Stars, to find the hour of the Night ; which
X2 Stars are noted with 1,2, 3, 4, §56.,7,
8,9, 10, 11, 32. among the degrees in
fmall Figures 5 as in the Figure,
Eightly, Next of all to the in-fide, 18 the
ine ‘of Natural verfed Sines drawn to the
Center, with his correlpondent I
the other, or Head-leg.  Expreft

relt fometimes
i a prieked Line, for want of room.
Ninthly, On the Head-leg, aud nexrto

o)
the
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the verfed Sines laflt mentioned, is firlt the
Line of Equal Parts, or Line of Lines : and
on the {ame common Line wherein is the
Cenrer, is the Line of Natural Sines, whofe
Iength is equal to the meafure from the cen-
ter at C 0 60[o on the moveable-leg; fo
that the Line of degrees is a Tangent, and
the meafure fiom C to any Tangent, a Se-
cant, to the fame Radius of the Natural
Lines of Sines, and Lines : Alfo beyond
the Center C on the fame common middle
Line is another fmaller Line of Narural
Sines, whole lengeh is cqual to the meafure
from C to 60 ou the loofe-piece; then if
you count from the Ceater pin at 6o, on
the looferpicce, toward the end of the mo-
vable-leg,they fhall be Tangents tothe fame
Radius, and the meafure from the Center
C ro thofe Tangents, fhall be Secants to the
fame Radius, which may be well to be or=
dered, to a third, or fourth ‘parcof the for-
mer, from the Center downwards: Thefe
twoLines of Sines are beft figur’d with theiy
Sines; and Cofines, the other way with 2
fmaller figure, and the Line of Linesfrom
the Center downward from 1 to x0 Where
90 is, which Linesof Sines may be called
a general Scale for all Latitudes,

Tenthly, WNext tothis toward the outer=
edge is aﬁgﬂxcr Line of Natural Sines, ficred
I N {o

) “
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to the particular Line' of Hour and Aui-
muths, for one particular T_atirude, noted,
Pert, Scale of Altitudes 5 or Sines.

Eleventbly, Next tothis i the Line of
291, for fo many dayes of the Moon’s age,
in {hort Rules of the whole length, but in
longer not; Dbeing cafily known by the
fingle ftrokes, and Figures annexed to thofe
ftiokes, '

Twelfihly, Next the outer-edge is a Line
of 24 hours, 360 degrees, or 12 Signs, or '
in moft Rules inches allo, ufed together
with the former Line of 20 %, and as a
Theory of the Sunand Moon, and ready
way of finding the Hour by the Moon or
fixed Stars. -

Thyrteenthly, To this Inftrument allo be-
Jongs 2 Thred and Plummet, and Sights, as
to other Quadrantsy and a pair of Com-
Pafles as to other Setors 5 a Staff and Ball |
lockge alfo, if you will be carious and ac-
Curate,

And for large Inftruments for Sea, a
Squarcand anIndex, ‘which makes it 2 per<
fek finical Quadrant, and two {liding fights !
alfo, which makes it a fore and back-ftaff,
and bow, as will appear more at larac after
ward,




S()me -UIES of rb
Tviangnler  Quadrant,
for La.nd and Sea Obfer-
vations and Opera-

tions,

il

CHAPDP. 1,
Numeration on the Lines graduated
on the Infir umen,

IN the firft place it will not be amifs to
hiat a few words, asto the reading the
Lines, or (more properly) Numeration on
the Lmes wherein take notice, Thatall
Lines of EmlalParrs‘ or Lines 'wph able
to Amhmemk as the Line of Lme, the
Linc of I\Jumgeﬂ the Line of Foot.mcalure,
and the like; w l]chi'l Fraétions of Num-
bers are requifice = they are mofk comm only
accounted in a Decimal w: ay, and as much
as may be, the fmall divifions are ny imbred,
and coumed accordingly.

1 JRre
LDHE
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- But in the Linesof Sines, Tangeits, Se<
cants, and Chords 5 being Lines belonging
properly to a Circle: in regard that the
Sexagenary Fraction is ftill inufe, theinter-
mediate Divifions are, as much as may
be, fitted to that way of account, wiz.by
whole degtees, where they come clofe toge-
ther, (or the Line of nogreat ufe.) And if
more room is, to half degrees or 30 minuts,
and fometimes to quarters of degrees or 1§
minues; but toward the beginning of the
Line of Natural Sines, or the end of the
Natural Tangents and Secants : where the
degrees are Jargeft, they are divided toe-
Very roth minute in all large Rules,as by
confidering and accounting you may plain-
ly perceive.
Take twoor three Examples of
-each kind.

1. Firft, On the Lineof Lines, to find
the Poing that reprefents 15.  Inthe doing
of this, or any the like, youmuft confider
Your whole Scale, Radius, or length. of the
Line, may beaccounted as 1, as 10, 2s foo,
45 1000, OF 45 10000 ; and no further can
be applicable to any ordinary Inftrument,

Wherein obferve, That if the whole Line
be one, then the long ftrokeby every Figure
doth reprefent one tenth of that Integer:z
and the pext fhorter withoue Figures, are

' hundredch

)
1
n
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hundredth partsof that one Tntegers and 4
zoocth part is efimated in {maller Inflrn=
ments, and fometimes expreft in larger : Bug
the hmndredch thoufan part 18 alwayes to
be eftimated by the eye in all Inflrumenes
whatloever.

2. Butif the whole Line of Lines fhall
reprefent 10, asit ufually doth, and as it is
figured, then the long firoke ac every Fiu
gurcis 1, and the nexc longer are tenths,
and the fhorteft are hundred paits, and the
thoufand pares asncar as can beeftimared.

3. Bur if the whole Line reprefents 2
hundred, as here in our prefent Bxample,
then the loug flroke by every Figure repre=
fents 10, and every fhorter firoke is one;
and the fhorteft ftrokes are tenths, and the
hundredch parts as: much as can be eftima-
ted. . ;

4- Bucif the whole Line fhall reprefent
2 1000, then the long ftroke by the Figure
thall reprefenca hundred, and every fhor=
ter 10, and every of the fhorreft firokes is
one luteger, and a zoth part as near as can
be eftimated.

5+ Buc laftly, ifthe whole Line reprefent
x0e00, then every fong firoke is 100, and
every fhorteft cut is ten, and every fingle
Integer is as near as can be eftimaced by any
ordinary Inftrument,

Now



[ 1

Now our prefent Eiam le will properly
come under the third Rukc, by conceiving
the whole Line to reprefent 100 ;5 then the
fisft long ftvoke by x. is 10, then the next
thorter is for 11, the nest 12, &c. to'xs :
which is cut up a lirtle above the Line, ' for
the more ready reckoning without telling
the parts : which 15 is the Point required
fo be found.

Example the [econd, to find ont 1550

on the Line,
 This will comeunder the Notion of the
5th Rule, wherein the whole Line is con-
Ceived to reprefent. 100003 then the firft
X is forthe 1 thoufand, then the fifth longer
ftroke next is for the yoo 5 and laftly, the
middle between the goo ftroke and the
Sooo firoke is for the go, beinga little bex
Yond che Poinc for xg-in rhe firft Example.
A third Example of 5025 .

This third Example may fuffice for this
Work, being o plain after a lictle due con-
hideration : For firft, the whole Line is con-
“tived to reprefent 10000, then the long

foke by § is for 5006, then there is no

ndreds, therefore the Point reguired
Muft be fhore of the nexc longer {troke,
Which fignifies hundreds, and beingiit is juft
2)5'7 which is L of an hundred, the true
I‘Ui,’!t readily fheweth it felf: -~ If you re-
guise
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quire 2 more plainer and larger wording of
this matter, 1 refer you to the third Chapter
of Mr: #indgates Rule of Prppor{ian 3 or
the fiuft Chaprer of che Carpenters Rule, by
F. Brows.

Laftly, In nameing of any Poine found
out on the Line, grear care and refpect muft
be had as to the true value of the Number,
according to the race of the queftion pro-
pounded : for the fame Point that repre-
lents 15, doth reprefent z50;  and allo
X500, cor 15000, ( iucreafing above the
bounds before mentioned ) alfo 1t fignifies
one and a half, or 15 of one hundred,
which is ufnally expreft thus in a Decimal
Fra&ion s, , or more readily, o. 1§,

Alio it it fhould be a Mumber with a di~
git, two ciphers and another digit, as
2,00y, this Number would be found clofe
to thelong ftroke, by the figure 2 :and may
reprefenc either ewo thoufand, and g of
1000more 5 or 20 and § of a hundred
or 2 hundred and § of another xc more,
or plainly as 1t isfet down, two thoufand,
no hundred, bur fiver ~Thus you fee the
manner of exprefling whole Numbers, or
whole ' Numbers and Decimal Frations,
which on the Lines is one and the fame
thing 5 ‘and thus'all Décimal Scales areto |
be accounted, and in the fame maaner is b

the
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the Line of Numbers to be reacy asyou
may f{ee more at large in the two Books be-
fore mentioned.

SECT. IL

. But for Numerateon on all Circular
Lines, it is much eafier : For firfl, very few
Inftruments, unlels ac one part of - the Line;
can exprefsnearer than minutes of a degree.

. Secondly, The whole Radius or Line of
Linesisbut godegrees, or bur 45 of the
Tangents, or 60 of the Chords, or Secants ;
Se that in Inftrumencs of 12 or 18 inches
Radius, you may exprels very well every
tenth minute, t0 60 on the Line of Sines =
and every halfdegree to 75, and whole de-
grees to 90, And on the Tangents or
Chords, every roth minute quite through :
and the Secants as the Sines,

So that any degree or miniite being na-
med, to find the fame on the refpective Line,
Count chus 3

Firft, every zoth degree isnored witha
fong ftroke, and figures fet thereunto, Se-
ondly, every whole degree is cut becewesn
two, or three Lines, and {ometimes with a

oint or Mark on the end of the ftroke; and
cvery geh degree cut up higher than the reft,
and {omerimes with thgie Poiats, on the end

of
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of the Eme, or fome ofher convenient di=
ftindtion, “for readines fake: and every
xoth, x5th, or 3oth minute, is cut only be~
tween two Lines and no more 3 as will ap=
pear very plamwith a Hrele practice.,

Examples to findthe Sineof the Latitude
being at Londony §T degreesy
32 mnntes,

1. Firlt, ook on any Line of Sines, on
th: Quadrantal, or Seétor fide, accordingas
you haveoccafion, tillyoufee 5o, whichis
g0 degrees 5 then one degree forward, to-
ward 6o is §I degrees, then count three
yoths of minutes more for 30 minures, and
then for the odde two minutes, eftimate one
fifch part of the next xo minutes forwarder,
and that is the precife Point for the Sine of
g1 degrees 32 minutes, the latitude of Lo
don, where fometimes is fer a Brafs Ceater-
Pin.

Ezxample the [¢cond.

2." To" find the Cofine of the Lacitude,
there ‘are two wayes to count the Comple~
1enc of any Ark or Angle.
Firft, by fubftratting the Ark or Angle
out of go by the Pen, and count the refidue
from the beginning of the Ling of Sines, and

thag
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that fhall be the S[inc..Complemcnr of the
Latitude required, it

Example.

§3 32 taken from 9o, the remainder i¢
3828, now if you count fomuch from the
beginninng of the' Linc of Sines, accotding
to the lalt Rule, that fhall be thePaint for
the Sirie- of 38 28, the Complement of
§1 32, or the Sine Complement of the
Laticude. '

Or Secondly, Ifyou count ¢ 32 from
99, eilling 80, 104 and 70, 203 and 6o,
305 §04 495 40, §o, &c. whereloever the
Number whofe Complement you would
have (hall end, that is the Sine Comple=
Mene required, which will bé at 38 28,
from the Center or beginning, for the Co-
fineof ¢x 325 The like work ferves for
aay other Number, or on any other Line,
3son the Degrees, Tangents, or Secants;

atura] or Artificial, as by pradice will
Wore plainly appear; to the willing Praduia
tione, 7 1 h

SECT. | JI¥

To firid the verfed Sine of an Ark of
Angle, or the Sine of an‘Ark or Anglea-
O¥e 9o degrees, or the Chord dbove 180
£greesy obferve thele Rules, Fiite

€2 1. Firft;
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. 3. Firlt, agightSine; is the -meafute o |
the Lineof Sines, from the ceniter or begin-
ning of that Line, to the Poinc that doth
reprefenc the Ark or Angle required.

2. Theright Sine of an Ark or Angle
above go degrees, is equaly to the right Se
of the Complement thereof to ¥80 degrees,
being readily accounted, thus ; Count the
excefsabove 9o backwards, from go toward
the Center 3 then the meafure or diftance
from the end of the account to the Center, 13
the Sine of the Ark above 9o required :
Example. Let the Sincof 330 berequired,
firflt, if you take 130 from 180, there-
mainder 1s 50 3 then T fay that the right Sine
of §o, isalfothe right Sine of x30 3 for if
you count backwards from 9o, calling 80,

1063 and 70, 110 5 and 60,120 5 and |
§05 330 5 the meafure from thence to 0o,0r
the Center, is the right Sine of 130 de-
grecs,
3. Theverfed Sine of an Ark or Angle,
is the meafure on the Line of Sines from 9o
toward the Center, counted backwards, as
the {mall figures for Complemenes fhew,
counting 90 for 0o, and the Center for 9o,
(as the Azimuth Line is figured) opening
the Line of Sines to a frait Line, and then
countiug beyond go forthe verfed Sines a-
bove 9o, as on the verfed Sines js Plai{:;ly
cft




)

|

2%
%en in; the figure of th]e Rule;
4. For Chordsof any Ark or Angle, do
ﬂ'l.ua 2
Halve the Ark or Angle required, and
take the right Sinethereof, and that(hall be
the Chord thereof. ;

- Example.

I would have the Chotd of 40, the half
of 4ois 203 then I fay the right Sine of
201s the Chord of 40, to that Radius that
15 equal to the right Sine of 30 degrees, at
the Radius che Rule ftands ar. :

§. Tofinda Chord toan Ark or Angle
bove 180 degrees, you mufk count as your
did the right Sines 3 for note, the Chord of

. 380 is gqual to the right Sine of 90 dou-

bled, which is the fyll Diameter of a Circle :

And a longer right Line than the Diameter

€@nnor be taken in a Circle; therefore it
muft needs follow that Chords of above
180, are fhorter than the Diameter which
15 the biggeft €hord ; . therefore the Chord
of 260, is equal tothe Chord of 100 de-
8rees, orright §ing of 50, the Sine of 30
eing Radius.
_ 6, Inufing the Artificial Sines and Tan.
gents, or Secants if you are to ufea Sine
above 90, then count 8o for 100, 70 for
2x0y 60 for 120, &c, But for Secants,

. C3 ' thea
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then count-after tlgé' masinekof: vérfed:Biriee 4
Thus thie Secant 6f 607 15 ds farbeyoad vo,
as it is from 30 to 903 fo that whea#you
have occafion’ toufe an Artificial “Sctant,
which istiot often} “Tlith fec theend of the
Rule againft a Table, and: countinalHacks
wards from 9o to the number of the Secant
required, turn thatdiftance beyond 9o on
the'Baard.or Table; and that: (hall be your
Becarie reéquiired, a5 till be aftciward hind

g6d; &‘s’-c‘hey comein ufe.
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A brief Defeription of the -Lines of u

_ Circle, and'the Explanation'of fome |
. dermes, ufed”in the following “Dif-
eourfe, . 5 ok e

'

FOR the better :undetlanding of che
‘ F followingdifestirte, livisneedfurl 16 un-
derftarid thefe' Eletnents or 'Principles, as |
the Letters are neceffary to be known before |
feading. W3
1. A'Circle is afiguie enclofed in one cir-
‘eulaf Line,called the'Circumference’; in the
middle whereof is aPoint called the Gen-
ter:
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ter ¢ From which P‘ji‘Jint all right Lines
drawn tothe Circumieicnce. are eoual one
toanother ; asinthe Circle ABCD, Ei
the Center, ABCD. the Cucumfelence,
the Lines EA; EB,1 EC, E D’ arcdqual,

2. Any rightLige croffing the Civ¢umfe-
rence,~and pafling . through the Cencerof 2
Circle, s called che Dismeter s and it di-
vides the whole Circleiinito two equal parts,
called Semi-circles ( or half-Circles. ) Aud
the half of that: Line-ds' called the Semi-
diameter or Radig3 to that Circle;  As the
Line A C isthe Diameters and EC the balfa
Diameter or Radius.

3. Any other Right-line croffing the Cir-
cumference is called a Chord, or Subteace,
as the Line F G, awhich divides the Cixcle
ntogwo unequal parts ¢ .And nogeythat this
Subtence belongs both to the leffery and allo
toche greater pare of the Circumference s
thaistofay, the Chord of 90 degv isallo
the Chord .of ‘2704deg, -fo that FG s
Chord tothe Atk 'F B G oo deg, andal-
fo tothe Ark F DG being 270 dege much
More than half the Circle. O

4, Half the Chord of any Axk, ds the
tighe Sine'of half thav Ark ; thus thenghe
Line HQG, the halt of FG, is the xight
8ine of the Ark B G thehalfof F.BG.

5. The SineComplement or Cofine of

i, ' C 4 any
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any Ark is the neareft diftance from the Cira
cumference to the Diameter : Perpendicu-
ler to that Diameter from whence you coun-
ted the degrees and minutes of the Ark or
Angle. As thus, GI isthe Cofine of the
Ark BG, and the Right Sine of any Ark
1s the neareft diftance from the Circumfes
sence to the Diameter you connted thede-
ﬁreGes from, as GH 1s the Right Sine of

6. Theverfed Sineof any Ark or Angle,
is the Segment of the Diameter between
cheright Sine of the fame Ark and the Cir-
cumference,

Thus HB is the verfed Sine of the Ark
BG, and HD the verfed Sineof GD. So |
alfo is GH the right Sine of the Ark GCD
orthe Angle GED 45 degrees abovego,
wix, 13§ degrees,

7. A Tangent is a vight Line drawn per-
pendiculer to the Diameter, beginning at
one extreme of the given-Ark, and termi.
nated by aright Line drawn from the Cen-
ter to the otherextreme, of the given-Ark in
the Circumference, till it incer-fect che
perpendiculer 3 Thus C K is the Tangent of
the Atk CG, orthe Angle CEG, 45 de-
FTCES.

8. A Secant isaright Line drawn from
the Cencer thorpw one excreme of the given-

' 5 Ark,
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Ark,till it meet Wl[th :’l'm]'rangent rais'd per-
pendicularly from the Diameter, drawn to
the other Exereme of the faid Ark ; Thus the
Line EK is the Secant of the Ark C G, or
the Angle GEC.

9. Note, as ina (Natural ) Sine, the
neareft diftance from the Ark to one Diame-
ter, from whence you counted the degrees
of the Atk or Angle, was the Right Sine 3
and the neareft diftance from the fame Point
to the other perpendiculer Diameter, is the
Cofine of that Ark or Angle.

' So likewife theneareft diftance from the
Point where the Tangent and Secant megts,
to one of the Diameters aforefaid, is the
Tangent of the Ark or Angle; fo the nea-
reft diftance from the mecting Point of the
fame Secant-line is the other Tangent-lineta
the other Diameter abovefaid, is the Co-
Tangent of the Ark or Angle abovefaid.
Thus the Righe-line KC 15 the Tangent of
4y, and the Right Line KB the Co-Tangent
of 45 3 Alfothe Line LC is the Tangene
of 53,303 and the Line M B is the co-
Tangent thereof; vz, the Tangenc of 36,

o.
2 Alfo the neareft diftance from L to EBy
is the Tangent of 36, 30, to the Radius
LC,

10, EveryCircle is fuppoled to be d:f:&
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ded ifito g6 degl?:ees; the Semi-cirde intd
80, the Quadrant or Quarter into 9o,

11y Every Degree isfuppofed to be di-
vided into 60 minutes, and every minute
into 60 Seconds, and every Sccond into 60
Thirds; &¢, fernll |

x2¢ A Radim, or Semidiameter, is in
our Inftrumearal Practice; fuppofed to-be
divided. iato 10000 parts, and. every
Chord; Siney Tangent, ot Secant, is tobe
divided by the Parts of the fame Radius, or
Radius and Parts more )

13 An eAwgle is the meeting of  two
Righe Lines; as G E; and EC, meetingat
E, do conftituce the Angle’ GEC, called
a Righe-lined-Angle 3 or when two Circles
crofs oncanocher, it is called a/Spherical
Angle, ‘the Anguler Point being noted ~al«
waycs by the middle Leteer of chree thas
fhew the Triangle, : sk

14 APlatn Triangle 15 the meeting of
three Right Lines croffing one another § and.
2 Spherical ‘Triangle is conftitured by the
erollingofichrce Cireles, asin the two Fis
gures noted 11 and IIL, « you may plainly
fee,

1§, All Awngles, Plain ahd Spherical, are
eicher Acutt, Right, or Obtuce.

16, An Acute Argle hach a {harp
Poiut containing an Angle Ieh than 9o de-
erees,
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grees, as the Angge CB Ay fheweth in Fi-
gure IL :

1%, A Right Angle -is alwayes jult 9o
degrees, 4s you may fce:in the Figures 11,
and 11T} -by the Augles at A in both of
them;

18. AnObtuce Angle isalwayes more
than go degrees;as the Asiglesat D in both
Figures fhew.- - :

19. A Parallel Line, isany Line drawn
by another Line in {fuch’away, that thougly
ic were infinitely produced;’ yet they would
never méet or crofs one.another, as the
Lines A B, 'CD. '

2. A Perpendiouler Line, is when one
Line fo fallérh on anotherLine, that the
Angles on each fide are equal, as C A falls
ontheLine B A ; Figure V1.

‘2.7 ALD Trimmgles ave eicher with three
equal fides, as Figure HILJ" or two cqual
fides, as Figure V- ovallunequal fides, as
Figure VI the firft of which'is called Equi-
Javeraly chefécond Ffofeelesy thethird S¢a-
lennm. 313 ce

22, ‘Kgginjthey may befometimes na-
‘med from their Angles ; thut i Ortbigoninm,
with one Right Angle, and two Acute
Angles,  Ambligonium, Wwith onc Obruce
Angle, and.cwo  Acurte Angles, Oxigoni=
wm, with thrce'Acute Angles only.

: 23. The
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23. The three Angles of every Plain
Triangle, are cqual to cwo Right Angles.

24+ All Four-fided Figures are eithey
Squares, with four fides, “and four right
Angles altequal 5 or long Squares (or Oba
longs) with the two oppofice fides equal, or
the fame crufhed together; or not Right-
Angled, asthe Roméwm, and Romsberdes or
clfe with four uncqual Sides, called Trae
pezides,

2§. Laftly, many fided-Figures, are
fome Regular, having every fide alike, s
556575 8,95 10, &e, Or elic unlike, as
Ficlds, and Woods, and Meadows, which
being infinite, cannot be comprehended un-
der any Regular Order or Rule,

26. Multiplscasor, isa term ufed in Mul-
tiplication, by which any Number isco be
multiplied, as in faying § times 65 § is the
Multiplicaror of 6.

27. (Multiplicand, is the Number to be
multiplied, as 6 by 5, as above named,

28. The Prodwit, is the Iffue or Refyle
of two Numbers multiplied one by the 0.
ther, as 3o istheProduét of 6 multiplied
by 55 for 6 times 5 is 30.

29. Divifor, is aterm ufed in Divifion,
and is the Number by which another Num-
beristo be divided 3 as to fay, How many
times § in 307 5 herg is the Duvifor, '

i 3¢ Dividend,
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30, Djvidend, isthe Number tobe di=
vided, as 30 abovefaid, ,

31, Quotient, 1s the Anfwer tothe How
many times { 2sin the abovefaid) 5 1sin 302
Gtimes: 6 rhen isthe Quotient, :

32:  Square, is the Produét of two
Numbers multiplied together, as the Square
of 6 multiplied by 6,1s 36.

33 Square-reot of any Number, isthat

. number, which being multiplied by ic felf;

- fhall have a Produét or Square equal tothe
given Number ; thus the Square-root of 36
156 5 for 6 muldiplied by 6, is 36,equal to
the firft given Number.

Bug if ie be 2 Number that cannot be .
fquared, as 72, thecontent of half a Foor
of Board 3 whofe near Square-root is 8:
4352811 of 10000000, then is the Square-
root tobe expreft as near as you may (or
care for) as here the Square-root of 72,
which is called 2 Surd Number, that will
not be fquared,

34. ((wbe,isa fecond Produdt, of power
of two Numbers increafing or multiplied
together, asthus ; the Square of 6 is 36,
the firft power : and the Cube of 6 is 216,
that i to fay 6 times 36, the fecond power.

35. Cube-roor of an; Number, is a fe-
cond Quotient decreafing berween 1he Nums<
ber given to be cubed and ¥, as thus 5 the

' Cube-root
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Cube-root of 2{6[, %s to be found ouit by
the Line of Numbers, thethird part of the
diftancebetween 216 and 1, is a2 repeti-
tions found to ftay at 6 ; for if you fhould
have 216 Cubes or Dies, whichs a proper
Cube, you fhall find that 36 laid together
one by another, making a Square repeated
6 times, will ufe or take up 216, the juft
number, and make onegrear fyuare Die;
and no_ other Number whatfoever, except 6,
will do the like 3 therefore 6 is the Cube-
root of 216.

In Mr. windgate’s Book of Arithmetick ;
is the way of doing it by Numbers or Fi-
gures, being one of the hardeft Loflons in
Arichmetick. -




[3:]

A,
e - -

CHAP, IIIL

Ceriain Geometrical Propofitions, fit ¢s
be knoron as Prepz:mrar_y Rudimests
for the following Work,

. Todraw a Right Line boteess
two Ponts,

-EXtend a Thred or Hair, from one Poine
to thé other, and that fhall be the Line
required. Buc if you ufe a Rule (being the
fieeeR Inftrument Yo try your Rule,do thus;
apply orie end to one Point a5 o A, and
the other end to the other Poine at B, and
clofe to the edge draw the Line required :
themturn the Rule, and lay the firft end to
the laft Point * (yer keeping the fame fide of
the Rule toward the Paper ) and draw the
Line again, and if the two Lines appear as

one, the Rule s ftreighe, or elfe not, = Note
theFigure 1,

Z'Te
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Z. Todraw & Line Perpendiculer ® anothi;
ow the msddle of a Line,

On the Point E on the Line AB, I would
raife the Perpendiculer Line CE, [et one
point of the Compafies in E, and open them
to 4ny diftance,asEB and E A, and note
the Points Aand B, then open the Come
pafles wider, and fetting one Point in A,
make the parcof the Archby C upwards 5
and if you have room do the like down-
wards, near D : Then the Compaffes not
ftirring, fec one Point in B, and wichthe
other, ctofsthe former Arks, néar C&D:
a Rulelaid, and a Line drawn, by thofe
two croffings, (hall cut the Ling A B ‘per-
pendiculerly juff in the Point E, which was
required,

3. Tolerfall a Perpendicnler from
@ Pont to a Line,

But if the Point C had been given from
whence to let fall the Perpendiculer to the
Line A B, do thus: Firft, fer one Point of
Compafles inC 5 open the other to any di-
ftance, as fuppofe to A and B3 and then (if
you have room upon A and B, ftrike both
the Arks by D, which finds the Poinc D, if

nor)




not) the middle b[ctween A and B give;
the Point E : by which todriv CED,
the Perpendiculer froni C defired.  Note
Figure 2,

Note, That if you can come to find the
Point D, by rhe croffing, it dothreadily
and exactly divide the Line A B in two &=
qual parrs, by the Point E-

4. Toraifea Perpendiculer on the end
of a Line,

. On the end of the Line AB, ar Bj
I would raife a Perpendiculer:  Firft, fec
one Poin of tlie Compafles in B3 open
them to dny diftance, as fuppofeto © 5 and
fer the othet Point any where about the
middle, berwéen D and E, asfuppofe at C,
then keep thac Point fised there ; turd the
other :ufi: cut the Line, asatD, and keep
both Points fixed there; arid lay 4 ftreighe
Rule clofe to both Points. and there keep
it3 chen keep the middle-Point fill fixed at
C, and turn the other neatly clofeto the
other end and ¢dae of the Rule, to find the
Point E; chena Rule laid to the Points E
and B #hall draw the Perpendiculer re-

Quired,
Or elfe, when you liave fet the Com-
Paffes in che Point C, , prick the Point D }in
the
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the Line, and make ?he touch of an Ark |
_pear o E 3 then a Rule laid to DC cuts
the Ark laft made, at or by E, in the Poinc |
E : There are other wayes, but none better
than this. Note the Figure 3.

§. From a Point givenyto let fall a Per-
pendiculer to the end of @ Line, be-
ing the converfe of the former.

Firft, from the Point E, draw the Line |
ED, of which Line find the middle be-
tween EandD, wiz. the Point C: thea
the extent C E, or CD, keeping one Point
in C, fhall crofs the Ground-line in the
Point B, by which, and E, you may draw
the perpendiculer Line E B, whichis but |
the converfe of che former.

6. Todraw a Line Parallel to anather,
at any diflance.

To the Line A B, I would have another
Paraliel theretos to the diftance of AT
take AL between your Compafles, and
fetting one Point in one end of thegline, as
at A, fiveep the Ark EIF 5 then fec the
Compafles i the other end, as at B, and
fweep the Ark GD Hj then juit by the

Round-fide of thofe Arks, draw aLine,
which
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Which fhall be the pazallel-Line required,
|

Or ths:,

Take B C, the meafure from the Poing
fae s ro cur the Parallel-line, and one end
of the given-Line, viz, B3 wich thisdi=
Rance, fer one foor in A, attheother end
of the given-Line, and draw the Arch at
{5 thenrakeall A B, the given-Line, and
fecting one Point in C, crofs the Atk ar K,
then € and K fhall be Poins to draw the

arallel-line by, Note the Figure 4.

7.To imke out A'n.gfc :qnal to another.

| The Angle BAC, being given, and 1

| Would have another Ancle equal unto iy
fex one poine of the Compafies in A, and
draw the Arch CB 5 theuon the LineDE
from the Pojne D, draw the like Ark EF ;
then in chat Ark make EF equal toCB,

 then draw the Line D F, it fhall make the
“Angle E DF, equal rothe Angle B A Cs
Which was required,

P
8, Todivide a Linesms any Nawber
of parts,

; Lec AB reprefent a Line to be di\‘ide_i
' La inga
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into Efghtpatts:  On one end, wz, A;
drawa Line, as AD, to any Angle; and |
from the other end B, draw another Line
Parallel to AD, as BEg then open the
Compafles to any convenierit diftance, and
from A and B, divide the Lines A D, and
BE,; intoeight parts; then Lines drawn by
a Ruler, laid to every divifion, in the Lines
AD, and BE, fhall divide the Line AB
in the parts required, Note the Figure
marked VI. |
This Propofition is much eafier wrought
by the Line of Lines on the Sector, thus
Take A B berween your Compaffes, and fie
it over parrally in 8,and 8 of the Line of |
Lines; then the Parallel diftance between
1 and 1, {hall divide' A B into 8 parts re<
guired. :

9. Any three Points given, to bring them
‘ nto a Cyrcle.

Let A B C be thirce Points to be brought!
jnto a Circle 3 firft fet one Pointon A, an
open the other above half-way to C, and
fveep the part of a Circle above and bef
Jow the Poine A, as thetwo Arches at I
and E3 not moving the Compaffes, do thd
jikz on C, as the Arks Fand G thenfd
the Compafs-point in B, and crofs rhc:‘l‘

T ¢ ArLF
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Arksin DEF and G; then a Rule Lid
from D to E; and from Fro G, and Liies
. drawn do inter-fect at H,the true Center,to
. bring ABC into a Circle.

10, Any two Points givenin aCirele; to
draw part of a Circle, which [hall cur
them, and the Circsmference firfl given
into two equal paris.

Let. A and B be two Poiats ina Circle,
by which two Points, 1 would draw an
Axch, which fhall cut the whole Circumte-
Tence mto two equal parts. Firft, draw a
Line from A, the Pom: remoteft from the
Cesrer, through the Center,and beyond the

ircumferenice, as A D 3 then draw another
Line from A, to a Point in the Circumfe-

| rence, perpendiculer to AD, (and cutring
| the Center C ) asthe Line AE: Thenon
the Point E, draw another Line perpendicu«
ler ro the Line A E, till icinter-fet AD at
D ; then thefe three Points A BD brought
into a Circle, or. Arch, by thelalt Rule,

4 s <& :

i fhall divide the Circumference into two e-
j Qual parts, Note the Figure 8, where'the
} fieft Circle is cut into two equal pares ac F
i and.G, by partof aCircle paffing through

the Poines A and B,

3 11, A
|
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31, Any Seqrsent of a Cirele given,
find the Diameter and (Center bf
the Circle belowging toit.

Let A B C bethe Segmerit of 2 Circle, to
whichI would find ‘a Center s anywhere
about che middeft of the Segment, fet one
point of the Compaffes ar pleafure, asac B 5
on the point B (at any meet diftance) de-
feribe a ‘Circle, and 4rote vwhere the Circle
doth crofsthe Segment, asat D and E, then
{ not fRirring the Compaffes ) fet one point
i D, dnd crofs the Cirele twice, asac B
and 13 “ahd again, fet one point in E, and
crofs the Circle twice in G and'H : -Laftly,
by the Points GH, and F I, draw two
Lines, which will meet in the point O, the
center requireds

32. Or elfeto find the Diametery thiss.

Multiply the Chord (or flat-fide) of the
half-Scgment, viz, AK, 12 by it felt (which
isecalled Squaring ) which makes 1443
then divide that Produt 144 by 8, the
‘Line KB, cilled a Sihe, the Quotient]
which comes out will be found to be 18 3
thenif you adde 8 theSine, and 18 thel|
‘Quotient together, it (hall make 26 for)
t}'?ei

[ |
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the Diameter required tobe found,

13, Any Segment of a Circle giver, to
find the Length of the eArch of
the Segment.

Lay the Chord of the whole Segfm:nt,

and cwice the Chord of half the Segment,

from one Point feverally 5 and to the grea-
telt extent, adde onethird part of the dif-

ference between the Extents, and that fum

of Excents fhall be equal to the Arch.
Example.

Lec ABC reprefent the Segment of 2
Circle 5 the length of whofe Arch I would
know, or have a Line equal thersunto’:
Take all the Chord A C, and lay it on any
Line,” as from D to E 5 alfo take the Chord
of half the Arch, as A B, or BC, and lay
ictwice fronD o F; thenE and F arethe
two Extents, whofe chirdpart FG is to be
added to D F the greateft Extent to make up

DG, 2 Line equal to the Arch ABC,

which was required to be done, Which

.operation, may very well be performed on

a Line of Lines, or inches on your Rule,
or by Numbers in Figures, thus; Suppole
A.C be 35 inches and 6 tenths and twice

D4 AB
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A B be 42inches, 7 tenths : The difference |
between them you may count, on the Ruley
tobe 7 inchss, and 1 tenth; a third part of
whichis 2 inches 4 tenths; which added
10 42, 7, makes 45, 2. the meafure of the
Arch A B C, whichwas required.

X4, To draw a Helical Line from asy
Three Pointr, to feveral Radiuffes with-
osst much gibbiofity 3 wfeful for Archi-
veét:y Shipwrights,and o1bgrs.

Let ABCDE be five Points, to be
brought into a Helical-Line, fmoothly,and
even without gibbiofiry or bunches, as thc‘
under-fide of an Arch, or the bending of
a Ship, or thelike. ' '

Firft, berween the two remote Points of
3, as A and C, draw the Line A C, then
fet fall 2 Perpendiculer from B, to cut the
Line AC at Right Angles, and produce it
toF ; draw the like perpendiculer-Line
from the point D, to cur the Line CE at
Right-Angles produced to F. T fay, the
Center both for the Arches A B theleffer,
and BC the greater, will be found tobe in
the Line B F; the like on the other-fide
for DE and CD, the Helical-Circle, or
Arch required, : :

: But
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But if youdivide the Arch AB CDE
into 24 or more parts, the feveral Centers
of the fplay-Lines are chus found; Take the
meafure A G, and lay it from B, or D, or
C, ontheLineGF ; and thofc Points on
GF, fhall be the feveral Points to draw
the {play-Lines of the Arch, and-Key-{tong

L1
’e

CHAP. 1V,

Of the Explanation of certain Terms
ufed in this following Book.

1.Y) Adiwm, or Sine of 9o, or Tangent of Rad)
455 or Secant of oo, are all one
and the fame thing, yet taken refpeétively
in their proper places, and is the whols
Line of Sines, or Tangents, t0 453 oOr
more particulary that point ar the end of the
Natural-Sines, on the Se&tor-fide, and ac
gaand 45 on the edge of the Rule for the
Artificial Sinesand Tangents, or 10 onthe
Line of Numbers, and 10 and 9o on the
Fine of Lines;and Sines, onthe Quadrans
gal-fide of che Inftruments ; :

A




Right=
Sine.

Tangents

Secant y
Chord,

Cofine,

Laz]

2. A Right Sine of any Ark, or Angle,
1s the meafure from the beginmng of the
Line of Natural-Sines, to thar Point on
that Line of Sines, which reprefents the de-
grees and minutes contained in that Ark or
Angle required. But on the Artficial-Sines
we relpect not any meafure but the Poing
only.

3. The fame account is uled both for the
Right-Tangent, and Sccantalfo; the Na-
tural-Tangent taken from the beginning ro
the degree and minute required 5 the Arti-
ficial refoe&ting the Point only.

4+ In the fame manner count for the Se-
cants, and Chords, Lines, or verfed Sines,

5+ A Cofine or Sine Complement of any

Ari or Angle, is the meafure from the Pojic
reprefenting che Ark or Angle connted from
99, to the beginning of the Line of Sines,
being in effet the Right-Sine of the Cofine
of the Ark or Angle required :  As for Exe.
a@mple 5 Lwould rake our the Cofine of the
Latimde of London, which is 5, 323
Count §x 32 from 90 toward che begin-
aing, and you fhall find Your account to

end ar the Right-Sine of 38 28, whichis
the Complement of 51 323 for both pur
together; makes 9o, the whole Sine or

adius,
Bucon the Artificial-Lines connt backe

' - ward




watd to the Point required, without mind-
ing any diftance or meafure, till you come
to Proportion.

6. A Lateral Size, Tangent, or Secant, Lateral
orScale of Fqual Parts, is any Sine Tan- S/
gent, or Secant, taken along the length of
any Line, from the beginning onwards, be-
ing a term ufed only in operation witha
Settor, or oncLine and a Thred, and op-
pofed toa parallel-Sine, Tangent, or Secant,
the thing nexr tobe explained,

7« A Parallel Sine, Tangent,or Secant, Parallel;
is any Sine, Tangent, or Secant, takena-
crofs from one Leg to the other of a Seftors
or from any degree and minute on one Line
to a Thred drawn fkreight with the other
‘hand, or any other fixed Line whatfoever,
at the neareft diftance.

8. The Neareft Diffance to any Line, is Neareft=
thustaken ; When one Poine of the Com- Diftance.
-paffes flandsin any onePoint,and theLine
keing laid, T openor clofe my Compafles
till the: other moveable-Foor, being turned
about, will but juft touch or cleave the
Thred. Butif youareto lay the Thred to
* the neareft diftance, then one Pointof the
Compaflcs being et faft, the other is to be
turned about, -and the Thred alfo{lipped to
and fro, till the Compafs-point fhall juft
cleave the Thred in the middeft, _

5. To




Addition
on Lines.

Subffra-
&ion on
Lines,

9. To adde one Sine or Tangent to a Sine
or Tangent, is to take the Right-Sine, or
Tangent of any Ark or Angle between
your Compafles, and fetting one Point of
the Compaies in the Point of the other
Number, and then to fee how far the ocher
Poine will extend Laterally. Example, To
adde the Sinc of 20, tothe Sincof 30, take
the Sine of 20 berween your Compaffes,
and then putting one Point 1n 30, theother
thall reach to theSine of §1 21 ; therefore
the diftance from the beginningto §1 21,
is the fum of the Sineof 30 and 20 added
together. - The like way is to add Tan-
gents,

10. To Subfirat aSine from a Sine, or
a Tangent from a Tangent, is buc to take
the Lateral leaft Right-Sine or Tangent be-
tween your Compalfes,and fecting one Point
in che term of the greateftturn, the other
toward the beginning, and note the degree
and minnce that the other Point tayes in,
for that is the difference or remainder.

Emmp!e.

Suppofe ¥ would take the Sine of zo de-
grees from 2 5 Take the diftance -xo0 be»
tween your Compaffes, and fetting ong
foot in 2§, and the other tumned towa;d
- £ng




the beginning, fhall reach to 14 23, there:
fidue or difference required.
Or, you may fometimes take the diftance
berween the greater and the lefs, and lay
this from the beginning, fhall give the re-
mainder in diftance on the Sines as be-
fore. y Ton
11. The Reélifying-Point, isa Point or Redtifying
Hole on the Head of the Trianguler Qua- Wi
drant in the inter-fecting of the hour and
Azimuch-line, and the common Line tothe
Lines and Sines on the Head-leg ;3 in which
Point you are, when the Rule 1sopen, to
ftick a fmall Pin to look to the objeét whofe
Altitude above the Horizon you would
have in degrees and minuces.

. Of Tarms ufedin
DIALLING.

Laix, is that Board, Glafs, or flat Su- p7 ;5.
perficies you incend o draw the Dial
upon, cicher fingle of it felf, or pyned to
fome other.
Pole of the Plains is animaginary Point pole of
inthe Horizon ( for all wpright Dials ) di- the PIaif
refily
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teltly oppofite to the Plain, or in all Plains,

a Point every way 90 dearces from che.

Plain.
Declina-  Declination of 4 Plais, is only the num-
ion, ber of degrees and minutes, that the Pole-
pointofthe Plain is diftant from the Nog th
and South-points of the Horizon.
Perperdi-  The Perdendicnler-Liae on the Plasn, is a
Z:I“;; e"”"" Line Squarc to a Horizontal-line, being
Plgin.  part of a Circle paffing through the Zenith,
and Nadir, and Pole-point of the Plain,
Hurizon-  The Hariz.mt:zf—!i»e, 15 a Line drawn
tal-line. o any Plain, exa®ly parallel ¢othe true
Horizon of the place you dwell in,
Reclina-  Reclination, is when a Plain beholdeth

ﬂ”;‘i“”d the Zenith-point over our heads : But fy-
I - . . . n )
‘:fg‘n " clination, is, when a Plain beholdeth the

Nadicr 5 as in 2 Roof of a Houfe, the
Tiled-part reclines, and the Celid-part in-
clines,

Meridian-  The Meridian. line, on all Plains is the

dine. Hour-line of 125 but the Meridian of the
Plain, is thegreat Circle of Azimuth perpen-
diculer to the Plain, being the fame wich
the Perpendiculer-line on the Plain, paffing
through the Points of Declination,

Subflile.  The Subffile-line on all Dials, is that Line
wherein the Srile, Gnomon, ot Cock of
the Dial doth ftand, ufually counted from
%2, theMeridian-line, or from the Perpen.

' diculer~

t’h
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diculer-line, whicE ii all erect Dialsis 127

The Stile of 2 Dial. is the Angle, between Stile.
the common Axis of the World and the
Plain, upon the Subftile-line on the Plain,
oh all Dials,

The dngle between 12 and 6, is onely Angle be-
the number of degrees and minutes coneain. 1%een 12
ed betweenthe Hour-line of 12, and the SaC
Hour-line of 6 a clock, on any kind of
Plain 5 efpecially thofe having Centers.

The Inclination of Meridians, is the niiim- Tncling-
ber of degrecs and ininutes, counted on the ‘,:;" ‘"f
Aquinoctial,  berween the Meridian op 2*7*%an4
Hour-line of 12 : and che Subftile being the
diftance, between the Meridian of the place,
wiz. 12 aclock, and the Meridian of the
Plain, but counted on the Zsuinodtial 8
and dotch ferve to make the Table of Hour-

Arks at e Pole, and to prove your work,

The Lines Parallel to 12, are two Lines Parallels:
peculiar to this way of Dialling by the Se-
ctor, and are only two Lines drawn equi-
diftant from, and parallel to the Hour-ljne
of 12,

The Contingent or Touch-line in this Way Contige
of Dialling with Centers, is a Line drawn gem.
parallel co the Hour-lineof 6 5 but in thofe
without Centers, it is drawn alwaycs per-
pendiculer to the Subftile, and fo may it be
allo, if you pleale, in thofe with Certers al{o.

: The .




8 .
Verticald ~ The Vertical Lgnfon]the Plaing is the
dine. fame with the Perpendiculer-line on the
Plain, being perpendiculer to the Horizon-
tal-line. ;
*;5;‘:1“ ¢ By the word Nodws, 15 meant a Knot or
' Ball, on the Axisor Stile of the Dial, to
make a black-fhaddow on the Dial, to
trace out the Swasmotion in the Heavens ;
or {ometimes an open or hollow-place in
the Stile, t0 leave a light-place to do the
. fame office, :
But by Apex is meant the fame thing,
: when the Top-end, or Point of an upright
Stile fhall fhew the Hour and Sauns place,
as the Spot dotch in Celing-Dials, where the
Hours and Quarters are allof one length,
and diftinguifhicd by their cullours or great-
_'nefsonly.
f" ‘}’3 enee: The Perpendicaler height of the Stile, is
Fbeight of Tothing elle bur the ncareft diftance from
the Srile, the Nodig or Apex to the Plain.
Kok of The Foot of the Stile is properly right ude
the Stile, dexthe Nodws or Apex at che neatelt di-
{tance, _
Virtical. . The Pertical:Point; is 2 Point only ufed
frente i Recliners and Incliners, being a Point
right over, or under the Apex 5 and yetin
the Meridian, being lec fall from the Zenith,
by or through the dpex or Nodus, to the
Plain in the Meridian-hined
The
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The Axis of the Horjzon,is only the mea- Az¥ of d
fure from the Apex to the Vertical-poin the Horis
Iaft fpoken to, being the Secant of the com- X*™
plement of the Reclination to the Radius of
the Perpendiculer height of the Stile.

Ereit, is when Plains are upright,. as all Ered.
Walls are intended ro be, .

Direit, is when the Dial-plain beholdech Dired.
one of the Four Cardinal Points of the
Horizon, as South or North, Eaftor Weit,
thac is to fay, when the Pole of the Plain,
being 9o degrees every way fromrhe Plain,
doth lie precifely in oneof thofe Four Car-
dinal Azimuths: Which inan Ered and
Dyrect- Plain will be in the Hovizon,

Declining, and Reclining, or Inclining- Declining
Plaines, ave as the upper or under-fide of Refing
Roofs at any Oblique Scituation from th;?;g!_”;{; 5!
Cardinal Points of che Horizon, ‘

Obligue, isonly a wry, flanting, crooks Obligus,
ed 5 conerary to diret, right, plain, flar, or
perpendiculer 3 and applied varioully, asto
the Sphear, to Triangles, to Dial-plains,
to Difcourfe and Converfation, i

Circles of Pofition, or rather Semi-circles Circles of
Making 12 Houfes, are Gitcles, whofe Pole F¥#i0m
. Or Meeting-point is in the Meridian and Ho-

Tizon of every Country, dividing the £qui-
fotial into 12 equal pares, being then cals
ked Houfes, when ulgd in Affrologie, and
Tikg E - fomea




fome tunies drawn on Sun-Dials,

But when they arc uled in Affroncmgs
they require a more niear agcount, as to.de-
greesand minutes,

Of certain Teris in Aftronomy,
and - Spherical Definitions of
Points and Lines in the Sphear.

A 7Ot to be. curious in this matter, @
Sphear may be underflood to bea

. mnited Spherical Superficies, or round Bo-
dy, contained under one Surface; in the
middle whereof is a Point or Center, from

whence all Eines drawn to theCircuns «

ferenceare equal : Ot you ma§, concelye a
Sphear to be an Inftrument, confifting “of
feveral Rings or Circles, whereby, the fens
fible motion of the.Heavenly Bodies are
conveniently reprefented: ;

For the better Explanation whereof, A<
fironomers have contrived thereon, wiz. on
the Spheat, fen imaginary Points, and ten
Circles, which are ufually drawn on Globes
and Sphears 5 befides ,others not ufually

Dés

drawn, bur apprchended in the fancy, for |

i
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?emon{h'arions fa[kes,' ixxJSphericaI Conclus
10118,

. Theten Poibtsare, -the twoe Poles 6F xhe

orld, the two Poles of the Zodiack, .t]_)f.’
Wo Equinogtial Points, .the two  Solfficiad
- Olnts, the Zcr;ti:h, a.nd Nadu. ’

he ten Circles are,. The Horizon,  the,
eridian, the Hquinodtial » &he Zodiagk
the two Colurss, 2z, that of the Equin
Noxes, and that of the Solltices 3 the Tro-
Pick of Cancer, and the Tropick of (apis,
corn 3 and the rwo Polar-Cizcles, vz, The
Artick or Nm'th, the Antartick or Southy
Polar-Ciecle. _

The it iy ategreat Circles, cutting the
Sehear into tyrg ¢qual parts :  And the four
faff are lefler Circles, diyiding the Sphear
unequally, o

Albwhich Poines and Circles fhall be
tepreflented by the Figure of the Analem-
ma, from whence the Trianpuler Quadrant
15 derived, g5 4 general Inﬁmmcut,’ and
3llo by the Horizontal projestion of ithe
Sphear firced for London, being bester for
the fancy 10 apprehend cheMyfiory of Dial.

12, one thung mainly intended in thig
lcourfe,

Ez': Of




Poles.

2.

Poles of
the Zo-
drack,

3.
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“Of the 10 Points in the S phear.
s—He two Polés of the Waorld, are the
T two Points P and P in the Analem-
1ha, being diredtly oppolite one to another 5
abott which two Points, the whole frame of
the Heavens moveth from Eaft co Welt; one
of which Poles may alwayes be feen by us,
calted the Artick'or North-Pole;reprefented
in the particalar- Scheam by the Point P,
"The other being not feen, is not reprefented
in the particular Scheam; bu the Line
P EP, in the general Scheam, drawn from
Pole to Pole, is called the Axis, or Axcloreer
of the World, becaufe the whole Sphear ap~
pears to move round about it .
The Polesof the Zodiack are two Points
diametrically oppofite alfo, upon which
Points the Heavens move flowly from Weft
to Eaft, reprefented by the two Points, I
and X, 23 degrees and 31 minutes diftant
from the two former Poles, in the Analem-
ma, and by the Point PZ inthe Horizon-
tal projection 3 bur the other Pole of the
Zodiack cannot be reprefented in that par=
ticular Scheam,

thn;f;ipffi-. The Equinoétial Points, are the Points
«Poinis. S : : >
: ; i of Arigs and Lsbra 5 to which two Pointss

L

whent
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when the Sy, cometh;aloug the Ecliptick ,
1t maketh, che Dayes and Nights equal in all
Places . 4 eAries Match soth or xith g to
Libra aboue the 1 3th of Seprembur, W .l}fic
the Spring, and Autumn begins 3 beingre-
Prelented inthe Analemma by the Point-E,
and in the particular Scheam by the Poiiits
E,and W, : ‘ .

he fwo Solfticial Points, arc reprelen- Solfficials
ted one by the Poinc o3, and the orhér b Puings.
the Poinc v, in both Scheams; towhich >,
Points’ when the Suu cometh alongthe E- 8,
cliptick, it makes the Dayes jnCancer &5, :
longelt; incC apricorn vpy Thorteft 3 o be-
ing abour che r1eh of Fune'y and 1y about
the txth of Decemper,

The Zenich is an imaginary Point right zepig,
Over our heads, heing every way 9o degrees .
diftane form the Horizon 5 in which Point
all Aziquch Lines do meer, reprefented by
the Poines Z, in both Scheams.

~The Nadir is an imaginary Point utider yadin
our feet, dircétly oppofité to the Zenith, 10,
xeprelented by the Puine N in the Analem-
ma, but notin the particular Scheam, be-
Qule i is not feen at any time,

E 3 of
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.. OF the (i ircles of tgg S phear.

ne pg=He Horizon is twofold, wiz. Rational,
T and Senfible : TheRaciorial Horizon,
‘isan imaginary great Ciycle of the Sphear,
‘every where 90 degrees diftant from the
Zenith, and Nadir 3 Poins cutting, or divi-
* “ding_ the whole Sphear into two cqual parts,
‘the.ome called, The upper or vifible Hemi-
phear; thearher the lower or invifible He-
“mifphear, :
¢ This Ratiogal Horizon, 15 diftinguifhed
. alfointoRigx, Oblique, and Parallcl-
~*" Horizont ~ :

. 1. TheRight Horizon s when thetwd
Poles of che Wosld lie in the Horizon, and
“the Equinottial at Right Angles toits which
*Horizon is peculiar to thofe thar Tive under
the Equinoétialy who have their Dayes and

_ Nighrsalwayes equal, and all the Starsta
“ Ricand Ser, and the Sua co pals rwite in
4 year by their . Zenith-point, ‘thereby ma-

“king two Winters,and two Sumimers 3 Theig

Wisters being in Fuse and December, and
their Sumniers, 1 (March and Seprets-
ber.

.. 2. The Obligue Horizon is when onc

Pole-point is vilible, and (theother not)
having E.evation above, and @.c;prc{i.onfe--

LOW




5 pEck

fow the Notth O![SDUS;II:_IPL‘{I‘E of the Hori=
o0, according to the Latitude of the place :
18 which Horizon when the Sun cometh to
the Equinostial, the Dayes and Nights are
only then equal; and ‘the neatcr the Sun
€Omes o the vifible Pole, the Dayes‘are the
Ionger, and the contrary 3 alfo fome Scars
never fer, and fome mever rife in that Hori-
Zon = And all Horizons-bur two, ardind
ftrict fenfe Oblique Horizons, wiz. The
Right Horizon already {fpoken to: And
. The Patallel Horizon, is thac. Horizon
which hath the Equino€tial for its Horizon,
and one of the Pole-points for its Zenich 5
pecaliar only to thole Inhabitants uider
the Pole, (ifany be there.) Inwhich Ho_
tizon, one half of the Sphear doth only al-
Wayes appear, and the other half alwayes is
hid 3 “aid the 8us, for one half year, doth
g0 round gbour like a Skrew, making ic
continual Day, “ahd ‘the other half year is
contintal Night, and cold enough ; Which
Circle in the Analetiima is reprelented by
the Line HES, buic in thie particalar Scheam
by the Circle NES W

The vifible or fenfible Horizon, is that
Circle where the Heavens and the Earth
feem rotouch, where thefizhe of the Sun
and Moon doth feam €0 begin, or ceafe to ap-
pear in our fights, being not much diffesing

E 4 G




Meridian,
2.
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in Obfervation from the true Horizon » and
from thence hath been called by Blagrave,
and others, The Finitor, or ender of our
fight of the Heavenly Bodies,

The Meridiay is a great Gircle which pal-
feth through the two Pole-points, the Zenith
and Nadir, and the North and South-
points of the Horizon, and iscalled Meri-
dian, becaufc when the Sun (or Stars) co=
meth to that Circle, it maketh Mid-day,
or Mid-night, whichis twice inevery 24
hours:  Alio all places, Norch and South,
have the fame Menidian 3, but places thatlic
Eaftward,or Weftwards, have feveral Me-
tidians. Alfo, when the Sun or Starscome
tothe South, or North-part of the Meri-
dian, their Altitudes ate then highelt, and
lowelt.  And the difference of Meridians is
the difference of Longitudes of Places, no-
ted by the Circle ZHNS in the Analem-~
ma; and N Z 5 S in Horizontal-projection.

Sqinofti-  The Equinotlial is a great Circle, every
al.

3.

where 6o degrees diftant from the two
Poles of the World, dividing the Spheat
into two halfs, called the North and Sogth
Hemi{phear 3 and is called allo the Equa-
tor, becaufe when the Sun paffech by it
twicea year, it makes the day and nights
cqual in all places ; noted by W £ E, and
A& EE 1 both,

The
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. -The, Zodsack , or Signifer, - is another Zodiack,
great Circle that divides the Sphear and E- 4+
quinoctial into two equal parts, whofe A
" Poles are the Poles of the Zodiack, being

00 degrees from ity and ic inter-feéts che
Equinoctial in the two Points of 4rses and

Libra ; and one part of it doth decline
Northward, and the other Southward,

23 degrees 31 minutes, as the Poles of the
Zodiack decline from théNorth and South-

Poles of the World ; The breadth of this
Zodiack, or Girdle, is counted 14 or 16 de-

grees, 1o allow for the wandring of Luwna,
CMars; and Penws 5 the middle of which

readch is the Ecliptick-Line, becaufe all

Eclipfes are in, or verynear in thié Line.

And this Circle is divided into 12 Signs,and

each Sign into 30 degrees, according to

their Names and Charaters, v Aries,

Y Tawrsu, 1 Geminiy, % Cancery 51 Leoy

¢ Virgo, = Lsbray m Scorpios 7 Sagit-
tarissy vy Capricorniss, Agarim,

¥ Pifces, 6 being Northern, and the 6

latcer Southern,

The two Colures are only two Meridians, Colures

or great Circles, croffing one another at ;

Right Angles 5  the one Colure paffing g‘c
through the Poles of the World, and the 4.

Points of Ariesand Libra, there cutting the
Equinottial and Ecliptick ; And the ocher
Colure




l Polar-
Circles,

9.

&

, §8°1
Coluré H'cth by the Poles of thie World
allo, ans cuts the Echptzck in %, and 1y,
makmg the Four Seafon? of the year 5 chat
is, theequdl Dayes, called che EwumoC‘ftal-
Colures, and the unequaIDwes in June
and December called che Solfticial- Colures,
reprefented in che Amlcmm:l by ZP g
NS, and PEP; and in the parucular
Schcam by WPE, aid NPS, theSol-
fticial-Colure.

The leffer Circles are the Tropicks of o3,
and %» 3 being the Lines of the Suns moti-
on in the longeft and fhortelt dayes, noted
in the Scheams by %, @, 5, and 6 5 E,
and v, w3 and Wap 65 " to which twa
Circles when the Sun com"th, it ison the
1 1th of Fane, and the 11th of December
making the Summer and Winter Solftice.

The Polar Circles, are two Circles drawn
dbout the Poles of the World, as far off as
the Polegof® the Zodiack™ ate, ziz. 23 de-
grees, 31 mmute:., That about the North-
Pole iscalled the Areick , and chac aboue
the South the Anrartick , being oppofite
thereunto, fhewed.in the Analemina by II,
and KK and by the {mall Cizcle about P
m the Pavn.u[n Scheam,

of
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Of the ather Circle imagined, butnop -
deferibed on 8 phears or Globes.

; A Ours are great Circles, paﬂ"mg Hours;
through the two Poles, and cut-

ting the Equinottial in 24 equal parts; 45

the Lines Px;P2,P3 .8, in the Parricufar §

and P®H in the Analemmay fuchilfo

dre deatecs of Longitude, and Metidians

the Mcridian being the hout of 12,

2. Azimmhs are great Circles, paffing Azimuths
throtgh; or meeting in the Zenith and Na-
dir—poims, numbred and counted ot the
Horuon, from the Four Catdinal Points of
North and Souch, Eaft and Welt, accor-
ding to “Folir ‘oties, 6r183 degrees, or
according tothe 32 Rombs or Points of the
Coriipafs; ‘a8 Z () A; and ZE, the Azi-
much of Eaft and Weft, being called the
prime Virtedls 292 S E, W-Z. g

3. Almicanters, or Circlesof Altitudej Almicay.
are lefler Ciicles, 211 parallel o8 the Horizon, treg
cotuiced on any Azimuith fromthe Hovizon
to the Zenith, to méafure the Altitude of
the Suni; Moon, or Stavs 1bove the Horizony

ing the p ome Azimuch; betweén
of the Suny or Star; and the

. Horils;

preion of




Declina-
Fion.
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Horizon, commonly called its Altitude 2-
bove the Horizon, fhowed by A ® inthe
Analemma, and S £ in the partcular
Secheam, '

4. Parallelsof Declination, are parallels
to the Equinothial, as the Almicanters were
parallel to the Horizon, as © @ &y the
greateft Declination ot Circleof o5 : Thefe
parallels have the 2 Poles of the World for
their Ceaters, and in refpect of theSun or
Stars, are called degrees of Declination ;

" but in refpect of the Earth, degyees of La-

Laritude.

Longrtude,

ticude 3 being. the Axch on the Meridian of
any place, berween the Poleand Horizon,
35 4 % 4 in the Particular,.and HP 1n the
Analemma. '

g. Parallels of Latitude, in relpect of
the Stars, are Linesdrawn Parallel to- the
Ecliptick, as the Almicanters ywere parallel
to the Horizon 3 fo that the Latitude of 2
Star is counted from the Ecliptick toward
the Poles of the Zodiack 3 but the Sun be-
ing alwayes in che Ecliptick, 15 faid to have
no Latitude. _

6. Degrees of Longitsde, in reflpect of
the Heavens, are meafured by the degrecs
on the Eclincick, from the firft point of
Ariss forward, according to the fucceflion
of the 12 Signs of the Zodiack.

; But
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But-Loyjitude En the]Earth, is cousited
on the Equinoftial Eaftwerds, from {ome
principal Meridian on the Earth ' as the
Hles of Azoresy or the Peak of Tenmeriffs
or the like. -

7. Right Afcention 1s an Arch of the’B- pizh; 41
quino&tial (counted from the firft Point of cention.
Aries ) thac .cometh to the Meridian with
the Sun, Moon, or Stars, atany day, or
time .of the year, being much ufed in the
following difcourfe, noted in the Analem-
ma by EH, or the like;- but counted asaf-
terward is fhewed. B L

8. Obligue Afcention is an Archof thé oBligue-
Equinoétial, between the beginning of 4- 4/centions
ries, and that pare of the Equinottial that
rifech wich the Center of a Star; or any
portion of the Ecliptick in an Obhique-

Sphear, 0

9. Afcentional Differentesis the difference 4z entio-
berween the Righs and Oblique Afcention, ral Diffe«
to find the Sun or Stars rifing betore ox af- 7éace-
ter 6.

10. eAmplitude is an Arch of the Horle 405
zon, berwcenthe Center of the Sun and the e,
true Eaft-point, at the very momentof Ri-
fing, reprefented by 5 F, in the particular
Scheany, and G E, and F E inthe Analem-
ma : ufeful atSca, :

; 11, A




Crreles
and

Angles of
Pofition.
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i a1, ACircleof Pofition is otid-of the 12
Houfes in Aftronomy or Aftrology.

12.. An Angle of Pofiriony is the Angle
made in the Ceriter of® the Sun, between his
Meridian, or Hour, and fome Azimutch, as
the Prime, Vertical; or the Meridian, or any
other Azimuth, being ufeful in Aftronomy;
and lometimes ‘in Calculation, - réprefented
bp P @ Z inthe Analemma, '

Thus much for-Aftronomical terms.
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CHAP, V.
Some 14fes of the Trianguler Quadrant,

Ufe I,
And firf? to rethfie the Rule, or make it
Py Tﬁ’spg#{:r Ouadrant.

¥ 14t open the Rulé, and put in the loofe
§1cce mto the two Mortice-holes,
{which pusting together makes it a Trian-
%u!;r Quadrant) butif you do not ufe the
loofe-piece, then open it toan Angle of 6o
degrees, which is thus exadtly done : Mca-
fure from the Retifying-point, to any Nuny..
ber
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ber.on the §'nes o:'I.sincs;' then. keeping
the Poine of the Compafles {till fixed. in the
Bectifying. pointy turn the other to the
Common-Line of the Henr and Azimuth-
Line, rhar cuts che Rettifying-point, and
there keepir 3 then removing the Point of
the Compafles from the Re&ifying-poinr,
open or clofe the Rule till the other Point
ﬂ'[: alltouch the diftance firft meafured in the
Line of Sines or Lines, then fhall you fee
the Lines on the Head, and Moveable-leg,
tomeet; and allp fee quite through the
Reétifying-point , 1o thruft a Pin quite
through ; and thus is it fer toan Angle of
60 degrees, without the help of ghe loofe-

- Pieee, or toan Angle of 45, or whatfoeyer

tlle the Rule is made for,

Ufe II.
+ To sbferve the Sun o a Stars Alisinde
o aboye the Horjzop.

Put a Pin in the Center. hale on the Head -
Leg, and another in the Rectitying-pointy
and. athird (if you pleafe ). in the end
of the Hour-line .on the Moving-leg.
Then on the Pin in, the Leg-center, hang 2
Thred and Plummet 3 then if the object be
low, wiz. under 25 degrees high; Look
along by the two Pins in the Rectitying-
) pointy




: o e, _
point, and the Moving-leg, and fce that the
Plummet playeth evenly and fteady, then
the degrees cucby the Thred, thall be'the
Altitude required, - counting from 6olo to-
ward the Head , as the {maller Frgures
fhew,

But if the ObjeXt be above 2§ degrees
high, then look by the Pin in the Rectify-
ing-point, and that on which the Plummet
hangech 3 and obferve as before, and the
Thred fhall thew the Altitude required, as
the Figures before the Line theweth 3 If you
have Sights,nfe them inftead of Pins;and by
Pratice learn to be accurate in this Work,
the ground and foundation in every Obfer-
vation 5 - and according to your exaltnefs
herein, is the following Work alfo.

Note alfo, that this looking up toward
the Sun, is only then when the Sun 15ina
cloud; and may be feen in the Abifs, but
will nor give a clear fhadow : - Or elle you
muft ufe a piece of Red, or a Blue, or Green
Glafs, to darken the lufter that it offend
not the eyes.

But if the Sun be clear and bright, then
you need not look up roward it, bur hold
the Triangnler Quadrant fo, . thatthe fha-
dow of the Pin in the Center may fall jult
on the fhadow of the Pin in thie Rectifying-
point, and both thofc fhadows on your

tinges
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finger beyond them, gnd the Plummet be:
ing fomewhat heavy, and the Thred fmall
and playing.evenly by the Rule, then is the
Obfervation fo made; likely to benear the
very truth, :

Note allo further, That the thaking of
the hand, you fhall find will*hinder exadt-
nefs 5 therefore, when youmay, find fome
place to lean your Body; or ‘Arm, or the
Inftrumenc againft, thar you may be the
more fteady. ‘

Buc the furelt and beft wiy i§ with a
Ball-focker, and a Three-lez-{taft, fuch as
Land Surveighers ufe to fipport their In~
ftruments withal, chen youwll beat liber-
1y 10 move and remove it, to and fro, till
the Sights or Pins, and Plummer and Thred
Play to exactnels ; without which care and
exactnels, yon cannot certainly and know-
ingly attain the Sun’ or a Star’s Aleitude to
a minute, eicher by this, not any other In-
ftrumenc whatfoever, though they be never
fotruly made: Yer I dare affirm to do ity
or it may be done as well by this, as by any
other graduated Inftrumenc whacloever »
The Line of degreeson this, being only two
thirty degrees of 2 Tansent laid togecher 3
of which, cthat on the in-fide of the loofe-
Piece is the largeft,and confequently che beit;
fo diftingaifh the minucs of a degree wichal:

F e 111,
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- Life IIT.6.
To try if any'thing be Level, or
: Upright. '

Sct the Movingleg of the Trianguler

wadrant on the thing you would have to
be Level 3 thenif che Thred play juit on 60
dearees, or the ftroke by 6o|oy then isit
Level, or elfe not,

But to try if a thing be uprightornoty
apply the Head-leg to the Wall o Poft, and
if ‘it be upright, the Thred will play juft on
the common Line between the Linesand
Sines on the Head-leg, and cut the firoke
by 9o onthe Head of the Inftrumene, or
elle not.

life IV.
To fiud readily what Angle the Seltor
frands at at any opening.

Firft, on the Setor fide, aboutthe Head,
is 180 decrees, or twice 9o graduated to
every two degrees ;. fo that opening the
Rule to any Angle, the in-fide of the Mo-
ving-les, paffing about the femi~circle of
the Head, fheweth the Angle of opening
toonedegree, - Butto doit more cxactly,

do thus:
TI':C

|
i
1
:
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The two Lines of Sin]es that iffue from
the Center in Rules of 2 Foot; fhut, are
drawn ufually juft 5 degrees affinder ; or
rather the two Jnnermoft Lines] on cach
Leg, are always juft one degree from the in-
fide, fo that if you puta Cairer-pin in the

ine of Tangehts, jnft againft the Sine of
39, it makes the two innermoft Lines thac
come from the Center, juft 2 degrees af-

funder, which is eafie to remember either
inadding or fubftracting as followeth, two
wayes.

1. Take the Latteral Sine of 30, iz,
the meafure from the Center to 30 : the
Compagles o fer, fer one Poine in the Cen-
ter-pin in the Tangents juft againft 303
and turn the other il it cur the common
Line, in the Line of Sines on the other Leg,
and chere it fhall fhew what Angle the two
innermoft-Lines make, counting froin che
end toward the Head, and two degrees
lefs is the Angle the Setor ftands at, both
on thein-fide and out-fide, the Legs being
parallel; which Number muft nearly agree
with what the in-fide of the Leg cuts on
the Head-femicircle, or there 15 a miftake,

F 2 oA
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As thus for Examples

Suppofe L open the Rule ac all adventures;
and taking the Latteral Sine of - 30 from the
Sines on the Seftor-fide, and putting oné
Point of the Compafs in the Center on the
Tangents, right againft the Sineof 30 on
the other Leg {( or the beginning of the Se-
cants ori the fame Leg ) and turning the o=
ther Point to the Line of Sines on che other
Leg, it cuts the Sine of 6o on the inner-
moft Line that comes from the Center ; then
1 {ay, that the Lines of Sines and Tans
gents are juft 30 degrees q[Tunder , and the
in-fide or out-fide of the Legs but 28, iz,
two degrecs lefs, as a glance of your eye to
the Head will plainly thew. ‘

2. This way will {erve very well for all
Angles above 20, and under 8o: Bur for
all woder 20, and above 80, to 120, this
15 a better way 3

Open the Rule toany Angle at pleafurey
and take the diftance parallelly (that is, a-
crofs from one Leg to the other) beeween the
Center. pin at 30 in the Sines, and that in
the Tangents right againft it, and mealure
it latterally from the Center, and it fhall
{hew the Sinc of half the Angle the Sines
and Tangents ftand at3 and one degree lefs

is
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15 the Sine of half the Angle the Seftor
ftands at,

Example,

Suppofe that opening the Seftor at ad-
venturcs, or to the Levef of any thing, I
would know the Angleit flandsat : I cake
the parallel Diftance between the two Cen-
ters ;' and meafuring it latterally from the
Center, I find it gives methe Sineof g1 de-
grees, wiz. the half Angle the Lines ftand
at; or 50, the Angle the Rule flands at 3
which doubled, is 102 forthe Lines, or
x00 for the Lessof the Seftor, as a glance
of the eye prefently refolves by the inner~
edge of the Moving-leg, aud ‘the divided
femi-circle.

3. On the contrary, Would you fet the
Legs or Lines to any Angle, take the half
thereof latterally, oronedegreelelsin the
half for the Legs, and make ita Parallel i
the two Centers, and the. Sector is fo fet
aCCOIdingly.

Example.

T would fet the Eegs to 9o degrees, ora
juft Square : take out the Latreral Sine of
44, one degreelefs than 45, the'half of 90,
and make it 2 Parallel in the two Centers
abovefaid, and you fhall find the Legs fec

i : E3 jult
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juft to a Square, or Right-Angle, as by
Tooking to the Head you may nearly fec,

At the fame time if you take Latteral
30, and lay it from the Center, according
to the firlt Rule, you fhall fee a grearde-
ficiency thexein, a¥above ishanted.

ufe V.

Tbe Day of the Month being given, to find
the Suns Declination, <true place inthe
Zndiack_, Right Afcention, Afcentios
nat Difference, or Rifing and Setting.

%. Lay:the Thred to the Day of the
Month (1n thie upper Line of Months, where
the lengthiof the Dayes are iucreafing ; or
in the lower-Line, when the Dayesare de=
creafing; according to the time of theyear )
then in the Line of degrees you have his De=
clination 5. whereinnote, thatif the Thred:
lie on the' right hand of 6o, then the Suns
Declination_ is Northwards 3 theconmrary~
way is Southwards: Alfo on the Line of the
Sun’s Right Alfcention; you have his Right
Alcention, in degrees and hours, (counting
one Hour for 15 degrees ) as the Months
proceed from March the zoth, or Equino=
¢tial, the Right Afcention being then oo,
and fo forward to 24 hours, or 360 de-
grees; asthe Months and Dayes proceed,
¥ Again,
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Agaih, onhrthe Line of the Sun’s" tr
place, ‘yowhave thefign and degree of hi
place inshe Ecliprick § | :dries, or the Bqui
Noctial-point being the place to begin, 2na
* then procteding forward as the Months and
Dayes go. ]

Laftly, on the Hourline you have the
Alcentional-difference, -in degrees and mi-
nutes, counting from 6 5 'or the Suns'Ri-
fing, counting as thc moraing hours procced;
or his Serting, counting 2s the afternoon
hours-proceed.

Of arsubich, takp G or three

; E.rampl:.r_.

Y. For Adar¢bthe v2™, laythe Thred to
the Day, “andextenid it freight s then on
the Line of degrees, it fhewetls near xde-
gree,or ¢4 minutes Northward, -~ » 4

2. The Suns Raghe cAfckavion; is intime
8 minutes and betcer, or in degrees, 2 deg.
§ minutes, sil3

3+ ThelSans Place;-i9-2.degress and 16
minutes i Aries, v, L _

4. The Afcentional Difference, is ¥ de-
gree and 1o minntess - or the Sun rifech
4 minutes bzfore, and fets 4 minutes a‘e
ter 6. 3y
' F 4 Agaiy
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Again, for <May the yoth, the Thred
faid thereon, cuts inthe degrees, 20 deg.
9 min, for Northern Deglination 3 and
57 deg. 24 min. or 3 hours 52 min. Right
Afcention 3 and 29 37 in & Taurss for
his true place; and 27 12 for difference

_of Alcentions, or rifeth 11 minutes after 4,

and fets 49 munuces after 7.

Again, on the laff of Oftober, or the2x
of Fansary, near the Declination, is 17
22 Southwards, the Right Afcention for
Oétober 31, is 225, §3, for Jaruary 21,
314 21 : The true place for Ottober 31,
18 m Scorpia, 18 deg. 22minj  bue for
Fannary 23, oy Aquarius 11, §25 3ccor-
ding as the Months go to the end at vy, and
then backagain 5 but the Afcentional diffe-

yence, and Rifing and Setting, 1s very near

the fame at both times, wiz. 23 10, and
Rifeth 32 minutes, and more, after 7 5 and
Sets 28 minutes lefs afrer 4.

ufe VL
§ The Declination of the Sun, or a Stary
giveny to find his Amplitude.

Take the Declination, being counted on
the particular Scale of Altitudes, between
your Compafes 3 and with this diftance, fer
gac faot in 90 on the Azmuth-Line, the

: S e T R
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other Point applied to the fame Line, fhall
give the Amplitude, counting from go,

Example.

The Declination being x2 North the Am-
plitude is x9 deg. 1§ min. Northwards, Or
the Declination being 20 South, the Ams
plitude is 34 deg. 10 min. Southwards,

Ufe VI
The Right Afcention and Afcentional-dif-
ference being given, to find bis Obligue-
Afcention,

When the Declination is North, then
the difference between the Right Afcention,
and the Afcentional-difference, is the Ob-
ligue- Afcention,

Buc in Sesthern declinations, the fum of
the Right Afcention, and difference of Af<
{centions, s the Oblique Afcention,

& xample,

On or between the 24 and 26 of Fuly,
the Oblique-Alcention 15 by Subftraction
112, 15 : Onthe 30th of Offeber, the Ob-
lique-Afcention is 357 45 by Addition,

24'?' ? _Ufc
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U VIIL _
The Day of the CMonth, or Sun’s Decli=
nation and Altitwde being given, tofind
. the Hour of the Day.

« "Take the Suns Altitude, from the parti=
cular Scale of Altitudes, fetting one %oim:
of the Compafles in the Center, at-the be-
ginning of that Line; and opening the o~
ther tothe degree and minute of the Sun’s
Alticudejcounted on that Line ; then lay the
Thred on the Day.of the Month ( or De-
clination) and there keep it s Then carry the
Compafles ( fet at the former diftance ) a-
long the Line of ‘Hours, petpendiculer to
the Thred, till che other Poine, being tur=
ned'aboue, will but juft touch the Thred 5
the Compafles ftanding between the Thred *
‘andithe Hour 12, then the fixed Point in

the Hour-Line fhall fhew the hour and mi-

nute requiredy but whecher it bethe Fore
or Afternoon, your judgment, or a fecond

obfervation mufbderermine. :

v Batample,
On the firf# of Augnst in the morning, at

20 degreesof Alritude, youthall find itro
be juft §2 minuges paft 65 bur at the fame
Altitude
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Alttude in the afternoon, itis §minutes
paft 5 at night, in the Laticud€of 51 32
tor London,

- Ufe - IX.

The Suns Declination and Altitude given,

2o find the Swns Aximueh from the
South. part of the Horizon.

Firlt, by the 4th Ufe, find theSuns De-
elinarion, count the fame on the particular
Scale, and take the diftance between your
Compafics ; then lay the Thred toche Suns
Alvcude, counted the fame way as the
Southern-Declination is from 6o|o, toward
the loofe-piece 3 and when necd FEQUIreEs O
the loofe-piece, then carry the Compafles

ofig:the Azimuth-line, on the right-fide
of the Thred, - that is, between the Thred
and the Head, when the Declination is
Notthward ; and on the lefi-fide of the
Thred, that js, between the Thred'and the
End, when the Declination is Southward.
So as the Compafies fer to the Declination,
as before, and one Point ftaying on the

“ Azimuch-line, and the other turned about,
fhall but juft touch the Thred at the
ncareft diftance 5 then, Ifay, the fixed-
Point fhall, in the Azimuth-line, thew the

Suns-Azimuth required,
Example
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Example 1.

The Sun being in the Equinotial, and
having no Declination, you have nothing
to take with your Compafles, but only lay
the Thred to the Alricude counted from
6olo toward the loofe-piece, and in the
Azimuth-line it cuts the Azimuth required.

Example. At 25 degrees high, you fhall
find the Suns Azimuth to be §4, 105 at
32 degrees high, you fhall find 38, 20, the
Azimuth,

Again, At 20 degrees of Declination,
take 20 from the particular Scale, and at
10 degrees of Alticude, lay the Thred to

10 counted as before 5 then if you carry the

Compafles. on the right-fide for North-De-
clination, you fhall find 109, 30, from
Souths butif you carry them on the left-
fide for South-Declination, you fhall find
38, 30, from South.

Thereft of the ®/fes you fhall have more
amply afterwards,

L]
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CHAP:. VI,

Tte #fe of the Line of Numbers on
the Edge, and the Line of Lines
on the %admntai— fide, or on the
Seétor-[ide, being all as one,

Aving fhewed the way of Numerati-

on on the Lines, as in Chapter the firft.

Allo to add or fubftralt one Line or
Number to or from one another, as in Chap-
ter 4th, Explanationthe oth, I ceme now
to work the Rules of Mulciplication and
Divifion, and the Rule of Three, direct and
reverfe, both by the Artificial and Natural-
Lines; and firft by the Arcificial, being the
moft eafie; and then by the Natural-lines
beth on the Seftor and Trianguler Qua-
drant; being alike: and I work them toge-
thery Full, becaule I would avoid ran-
tology :  Secondly, becaufe thereby is bet-
ter feen the harmony between them, and
which is beft and fpeedieft. Thirdly, be-
caufe it isa way not yet, asI know of, gone
by
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by any other. And laft of all, becaufe one
may explain the other 3 the Geomerxical Fia
gure beiug the fame with the Juftromental-
work by the Natural way,

Seét. "L
Tomultiply one Number by another,

1. By the Line of Numbers on the Edge
Artificially, thus:

Extend the Compaffes from 1 to the 24w/~
tiplicator 5 the fame extent applied the famé
way from the Maltiplicand, will caufe the
other Point to fall on the Produét required.,

Example,

Let 8 begiven to be multiplied by 6 3 If
you fec one Poinc of the Compafles in 1,
( either at the beginning, or at the middle,
or at the end, it matters not which 3 yet che
middle 1 on theHead-leg, is for the moft
part the moft convenient ) and open the o-
ther to 6, (or 8, it matters not which, for
6 times 8, and 8 times 6, are abke; (buc
yet you may mind the Precept if you will )
the fame Extent, laid the fame way from'S,
fhall reach to 48, the Productrequired ;

\ which,
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which, without thefe Parenthefss, isthus i

The Extent from 1 0 6, fhally
" reach the fame way from 8
t048.  Or, the Produ®
The Extent from 1 to 8, fhall{’ _ required,
reach the fame way from 6
to 438, .

By the Natural-Lines on the SeStor-fide,
or Trianguler Ouadrant with a Thred
and Compaffes, the work ss thos ;

1. For themoft part it is wrought by
€hanging the terms from the Artificial way,
as thos ;

The former way was,as 1 t0 6, {ois 8 to
48 5 oras 110 8, fois 6 10485 bur by
the Sectoritis thus : As the Latteral 6 taken
from the Center toward the end, is to  the
Parallel 10 & 10, fetover from 10 to 10,
at the end counted as 1 3 fo is the Parallel-
diftance between 8 & 8, onithe Line of
Lines taken a-crofs from one Leg to the o-
ther, to the Latteral-diftance from the Cen-
ter to 48, the Produét required,

Or [horter thus.
As the Latceral 8, totheParallel 103
Sois the Parallel 6, tothe Latteral 48,
S Figure 1,
2, Another
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2. Another way may you work withoug
Rltering the terms from the Artificial way,
as thus, by adouble Radius 5 Take the Lac-
teral-Extent from the Center to 1; (or from
10 to 9, if the beginning be defective) make
thisa Parallcl in 6 & 6, then the Latteral-
Extent from the Center to 8 of the 10 parts
between Figure and Figure, fhall reach a-
crofs from 48 to 48, as before. - See Fig. 11,

The fame work as was done by the Se-
&or; is done by the Linc of Lines, and
Thred on the Quadrant-fide; thacit your
Seétor be put together asa Trianguler Qua-=
drant, youmay work any thing by 1it, as
well as by the Seftor, in this manner ; (or
by the Scale and Compafs, as in the Fi-
gure I.) and firft,as above; Sector-wife,

Take the Extent fromthe Center to 6 latte*
" rally;between your Compafles; fet one Point
in 10, and with the othet lay the Thred
in the neareft diftance, turning the Com-
pafs-Poinc about, till it will but juft touch
the Thied, then thieré keepic; then fet one
Poinc of the Compaffes in 8, and takethe
neareft diftance to the Thred 5 this diftance
laid lacterally from the Center, fhall reach
to 48 the Product,

- Or as Lateeral 6, to Parallel 10 ¢ fo is
the Parallel 8, to the Latceral 48, thePro-
duct required:

Or;
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Or the faft way by a double Radius, ors
greacer and a fmaller Scale, as the Lacteral
Extent from the Center to 1, is to the Paral-
Yel 6, daying the Thred o the neareft di<
ftance ; fo is the latteral Exrent from the
Center to 8 parts, lefs than the 1 before ra-
ken, catriﬂf parallelly along the common=
line, cill the other Point wilfbur juft rouch
the Thred, it fhall on thofe conditions ftay
only at 48, the Produ¢t required. Obferve
:.mdy note the Figure, by protraction, with
Scale and Compals.

3. But if you have an Index and 2
Square, as is ufed in the Demonftrative
Work of Plain Sayling, as you fhall have
afterwards, then the reprelentation of chis
Iﬁatural-way will moft cvidently appear, as
thus :

Set the edge of thé Square to x. on. the
Line of Lines, counted from the Center
downwards, where the Figure 1 is, then
move the Index «ill the edge cur 8 of the
{mall parts, counted on the Square, from
the Line of Lincs toward the end of the
Square, and then thiere keep the Index
then remove the Square downward to 6, on
the Line of Lines; then there holding it
fquare, vou thall fee the Index to cur 48 on
the Su_u:frc, countinz after the fame rate
that the § parts was accounted, Note the

G Figu &
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Figure T, for illuftration fake]

From hence you may obferve, That the
fitft and chird Numbers muft alwayes beac
counted alike, and'on like Scales 3 and the
fecond and che fourth in like manner on like
Scales and counting ;. and the Latceral -firft
Number, muft alwayes be lefs than the
Parallel-fecond, in length or quantity, ot
you cannot work it 3 which you muflt make
fo, either by chatiging the terms, or ufing
alels Scale, to begin and end upon,

Here you muft except a Decimal gradas
tion, as thusj fometimes the fame place
which is called xoin the firft, may be coun~
ted 100 in the'third, and the contrary 5 or
more ‘or lef differing in a Dedimal Ac-
count.

But if you would fee a Figure of the °
Seltor-way of operation, then it is thus;
Let che Line C 6, reprefenc one Leg of the
Seétor; and the other Line C 6, reprefent
the other Leg of the Sectory then take x
‘out of anyScale; as rinch, or one tenth

part of a foor, or what you pleafe: or the
diftance from the Center to 1, 0r 2, onthe
Line of Lines between your Compafies : put
this diftance overin 6 & 6, of the Lincof
Lincs, Then is the Seftor fer to its due
Ifofocles Angle. 2,
* Then take 8 parts, or rather 8 tenth
' parts,
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parts of the Former x ,sfrom the Scale from
Whence you took the firft Latteral diftance,
. and carry it parallel becween the Line of
Lines &ill it ftay in like parts, which you
fhall find to bear 48, the Produét requia
Yed.

“Or to get the Anfverina Latteral-line,
is generally moft convenjent, by changing
the terms 3 work thus : Take che Litteial-
diftance from the Cenrer t0 8,0n th: Line of

ines, make it 2 Paralle] in 10 & 103 then
the Sector being {o fer, take the Parallel-
diftance berween 6 & 6, and lay it acteral -
Iy from the Center, and it fhall reach to
438, the Produd® required. See Fig. 1111,

Thus you fee that the way of the Sector-
fide, and of the Quadrant-fide, is in2 man-~
nerallone; and the laying of the Thred, of
Index to the nearcft diftance, is the fame
with fetting the Legs of the Sector to their
Angle ; and the taking the neareft diftance
from any Point or Number to the Thred,
is the fame with taking parallelly fromi
Point to Point, or from Numiber to Number :
So that having thus fully explained the Lat-
teral and Parallel-Extenr, and laying of the
Thred, and fetring of the Seltor, the fola
lowing Propofition§ will be morceafie, and
Yeady ; and to thac purpofe, thele brief
Marks for Latreral, Parallel, and Neareft:

' Q2 diffancey
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diftance, will frequencly be ufed 5 a8 thus}
for Lacteral,thus— 3 for Parallel,thus=3
for Neareft-diftance, thus | , or N D, thuss
for the Sine of 9o, or Radius, or Tangent
of 45,thusR; &c,

In all which wayes you may fee, that for
the want of feveral Radiufles, which do
properly exprefs the unites, tens, hundreds,
and thoufands, and ten thoufands of Nums
bers, theremuft a due and rational account,
or confideration, goalong with this Inftru=
mental manner of work, elfe you may give
an erroncous anfwer to the queftion pro-
pounded 5 to prevent which, obferve, that
1n Multiplication there muft be for the moft

art, a2smany figures in the Product, asis
in the Multiplicator and Multiplicand, put
together 3 except when the ﬁrﬁ figures of
the Produ, be greater than any of the firfk
figures of the Multiplicator, or the Multi-
plicand, and then there is one lefs 5

As for Example,

2 times 2 makes 4, being only one fi-
gure, becaufe 4 is greater than 25 but
2 times § is 10, being two figures 3 where-
in 1, the firft figure, is lefschan g, Again,
ina bigger fum; 52 multiplied by 23, makes
3300, confifting of four figures, as many as
s i is



[ 35

i3 in the Multiplier and] Multiplicand put
together 3 but1f you multiply 42 by 22, it
makes but 924, which is but three figures ;
becaufe che firft fisure o isgreater than 2
Or 4, ‘asin the former, the firft figure x was
lefsthan gor2: And this Rule is general,
as to the number of places, or figures, in
any Mulsiplication whatfoever 3 but note,
that no Inftrument extant, and in ordinary
ufe,is capable to exprels above § or 6 places
Yet with this help ‘you may cometrneto §
places, with 2 good Ling of Numbers.

eAs thu

- Suppofe Twas by a Line of Numbers to
multiply 168 by 249; the extent from 1 to
168, will reach the fame way from 249, to
41832: Now by the Line of Numbers,
You can only fee but the 418, and eftimate
at the 35 but the laft figure 2, I cannot {ee
by any Line ufually put on two foot Rules,
therefore the 168, and 249 being before
you, fay (according to the vulgar Rules of
Multiplication) o times 8 is 72 3 therefore
2 muft needs be the laft figure; and if you
can fee the former 4, you havethe Product
infallibly true: if nor, multiply a figure
more; Buc by this help you Fh:til be fure

G3 e
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to come right aIwacs to.4 figures, or plae
ces, in any Multiplication whatfoever,

4. Allo, by thefe operations, yowmay
plainly fee, That the Line of Numbers, .01}
Guarers-Line, asitis ufually called, is the
eaficit and exacteft for Arichmerical ppera~=
tions, being performed ,with an Extent of
the Compafles only, swichout any opening
or fhutung of theRule, or laying aThred
of Index : , But in Queftions of Geamegry,
where a lively draughc. or:reprefenrasion is
required, asito the reafon of the. work,
there the Nacural-Lines are’more demon-
ftrative, AT

In which Natural Work, Note, That
the Parallel-diftance; muft alwayes be the
greaceft, or you cannot work ir, unkfs
you make ufc of a greater, and a lefler
Scale ; o which purpole, this Inftrument
is well furnifhed, wich three or four Ra-
diufles, bigger and lels, both of Siugs 5
Tangents, and Secants, and Equal-Pazts,
asin cheir due plages fhall be obferved ;
and taken notice of, 1 the o fFronomicals
Work,. iy = e R
~_And note alfo, That if the Line of
Lines were repeated o 4 Radiuffes, or
400 iftead of 10, you might work
yight-on to 4 figuses ; but then the Ra-

SRR
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diuffes muft be very fmall, or the Tnften-
ment very large.
~ Therefore this of 1o, beins the moft.
ufual, I {hall make ufe of, ard work every
Queftion the moft convenieat way;. that by-
a frequent Practice, the young Beginners,
for whomvonly I wrire, may fee the Reafon
and Nature of the Work, and the fooner-
underftand it. :

For a Conelufion of this Rule of Mal:i«
plication, take three or four Examples more,
both by the Line of Numbers, and Equals
Pagsallo s A

1. Fult x5 foot, 8 tenths, multiplied Ot
9 foot and, 7 tenths, by theLline of Num= '
bers 3 the Extent of the Compallcs from « ta
9 foot, 7 ténchs, fhall reach the fame way,
from 1585, 10 153, 26..

By the Line of Lines, or Equal Parts, .-

As the Latteral — 158, to the Parals
lel= 10, arthe End counted as 1 5 .
So 1s the Parallel = 9~7, to the Lats

teral = 153--26.

Where: you may obferve, that the firfk
and fourth,, are mealured on like Scaless
and the fecond and third 5 allo on like
§§31CS. e '
= G4 But
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But note, thatgs youdiminifhed the ac-
count in the third — work, counting 9--7
lelsthan xo reckoned as 1 : ' '
So likewife in the — fourth, you count
1§3--26, whichis lefs in Extent than the
14--8, fuft taken Lacrerally 3 yet is to be
sead as before, wiz, 153--26, becaufe
o times 1§, muft needs be above 100.
2. As 1, 10 g foor 10 inches; So is
fo foot ¢ inches, to 10§ foot 6 inches 3.
To work this properly by the Line of
Yumbers, you are firft by theinches and
oot-meafure on the in-fide of the Rule, to
educe the inches into decimals of a toot 3 ‘as
hus : Right agamft 10 inches, m the Line
it Foot-meafure, you fhall find 83 3. Alfo,
ight againft o inches, on the Foot-meafure,
jou fhall find 75 3 thisbeing done, which
iswith a glanceof your eye only, on thole
two Lines, then the work 1s thus :
As1,1010 753 fois 9 83, to 10§53,
or 105 foot, 6 inches : Now for the odd
6 [quare inches, you cannot fee them on the

Rule, but muft find them by the help befere

$—10 mentioned, as chus,
| oo - Having fet down the
—— g-10, & the 10~9,

' 7 6  as in the Margent,
fay by vu'ger Auithmetick chus, Ten times
‘ o
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o % 90; for which you muft fet down »
foot and 6 inches, - which' is the 6inches
you could not fee on the Line of Numbers,
and there muft needs be 105 foor, and nét
x0 footand an half, and berter, which is as
to the right Number of Figures.

But by the Line of Lines as the — 10--
7%, from apy Scale, as theLine of Lines
doubled, - or foor-meafure, or the like, is to
the—10, fois the —9—83, totheLat-
teral 10§—6 1, as before, though not fo
g:iCk or plain, as by the Line of Num-

S. :

3+ As x, o 1528, fois 3522, to
$3 316 16, the true anfwer 3 whichindeed
15 to more places than poffible the Rule can
come to without the help laft mentioned :
But if the Queftion had been thus, with the
fame Figures, 15 foot }3* parts, by 35 foor
33" parts, as fo many feer, or yards, and
hundred parts : Then the anfwer would be
as before, 534 foor; and cutting off four
figures for the four figures of Fraions,
both in the Multiplicator and Mulriplicand,
viz. the 16165 which makes near 2 inches
of a foot more, or ;7 partsof a yard morc,
which in ordinary meafuring is not con-

fiderable.
By

b
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By the Line of Lines,

4. As — x5--28, to = 1, next the
Centet : i
SO is — 35,—'“22’ to 5,;7’- S ¥

Taodp™

To: multiply 3 pound; 6 fhillings, and
3 pence, by it felf; the Product is,
10l —19.8.—5 d-—1.fo—-7 : For the Ex-
tent from ¥, t0 3--3 12§, the Decimal num-
ber. for 3J—6.5.~3.d. {hall reach from
thence to 10~9726, which reduced again,
is as before, 10—19—§—=2 ;. as followeth,

Notey That in this way of < Multiplication
by the Penyworks thws 5 You maf} firfp
ganliiply Pownds by Pounds, one over the
other,as 3 by 3+ Thenthe Shillings by
the Pounds crofs-wife both-wayesy as the
black-ling (heweth. Then Pounds by
Pence, as the long Prick-lises fhewerh
. both-wayes alfo. Then Shillings by Shil-
lingsy as the 6 by 6. Then Shiflings
by Penceybarh-wayes, as the fhare Pricks
Iines [hewetb. Then laflly, the Pence by
the Pence, a8 3.0y 3 ; whofe true power,
or denominations % [omewhas bard te

- gonceiye 3 which dsthws ;

Firlt,
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Fitft, 3times 3 (next the left-hand) 18
9 Pounds,

Secondly, 3timesé, is 18 Shillings,

Thirdly, 3 timesé6,is 18 fh]lingsagain,

Fourthly, 3 vimes 3, is 9 Pence, asthe
Yong Prick-line ﬁ‘lﬁ\'«ifj‘l.

Fiftly, 3 times3,is 9 Pence more.

Sixtly, 6 cimes 6 is 36, every 20 wheres
of is 1 Shilling; and every 5 thereot is
3Pencey and every 1 is 2 Fa:chings ard
s4ths of a Farthing :  So that 36 make
x Shilling, 9 Pence, 2 Farthings, . ths of a
Farthing.

Seveuthly 6 times 3 is 185 every §
whereof is aFarthing, and every 1 istwo
tenths of a Farthing, as the fhoxt Prick+
line theweth. ; :

Eightly, 6 times 3 is 18, or 3 Farthings
and 6 tenths, as before.

Ninthly and laftly s to the right-hand,
3umes 3 is 9 5 where note, thar there
goes 60 to make 1 Farching; therefore 6
makes one tench of a Farthing = So chat here
s 1 tenthand 2: Confider the Scheam and
the Decimal-work, to prove. it exactly to
the hundreds of millions of a Pound, and
you will find it to be very near.

Examples
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Example.
Ia &e ‘. fo !06

Produltis to0. 19. 5, 1. 7%
aaerso —

Tbe [ame Decimally.

3.312§5
3-3125
16562g
66250
3312§¢
19375
=.37%

0.97365625% ] Which



Feal .
Which Sum, being broufht to Shillings}
Pence, and Farthings, and cenths of Fare
things, is juft asaforefaid, viz.

10-19—§—1 1.

Or elfe find the Square of the leaft Ded
nomination in 2035. and divide the Pro.
dudt of the Sums being brought to that
leaft Denomination thereby, and the Quos
tient fhall be the Anfwer required, !

Examples

960, the Farthings in 20 4 {quared, if
921600, The fumof 34 =64, -=34.in
Farthings, is 31803 multiplied by it felf
is 1o112400: This Produét divided by
921600, the fquare of the Farthings in
205, makes 104, 257422 inche Quoticne,

whichreduced, is 10/—19 se—§d—1 1, -

To find this Decimal Frattion is very
gafie thus, by the Line of Numbers; for if
20 fhillingsbe 1000, what fhall 6 fhillings
and 3 perice be ? Set one Pointin 2, re rC
fenting 203 and theother in x, rcprc?en-
ting 1000 then the fame Extent laid che
{ame way from 6 and 2, fhall reach to
3.12§, thedecimal fractionfor 6 fhillings
and 3 pence, : Or
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Or by inches and foot-mealure 5 for if
you account every §th of an inch a farthing,
then everyinchis 2 4, and 6inches is 12 4.
right againft which, in the Foot-meafure, s
the Decimal Fradtion required :  So thar
right agaunft 12 farchings,or x inchand X on
theLine of Foor-meafure, is 124, the De-
cimal Fraétion fought for,

Or it one Pound be the Titeger, or whole
Number, then every 1oth part is 2 {hil-
lings 5 and cvery gth is 1 fhilling: and
the incer-mediace peuce and fatchings is very
near the gch parc for if you conceive a th
party or 50 of an hundred to contain one
thilling, or 48 farchings; then one of 50
1s very near one far.hinz, for 12 and LT
juft 3d. and 25 is juft 64, 375 is juft
9d. and 5o juflt 124. So that to fer che
Cc anu[n-}1011lt to 34, 6. and 3d, 1§
to fee che Point on 3.3129, as before
which a licele practice will make eafie.

By the Lineof Lines on tle Triangnhera
Oyadrant, or Seétor, .

* As the Latteral 3,3125 isto the Paralle]
%o, Sois the Parallel 3.3x25 to the Late
teral 10/ —195.— § di=2 farthings feré,
or 10,973

SC&. IIO_
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Seét. 11I.
To divide one Number by anotbers

Firfl, by the Lixe of Numbers
.the Rale isy .

Extend the Compafles from the Divilor ta
1, thenthe fame extent of the Compaffes,
applied the fame way from the Dividend,
fhall reach the Quotient required,

Or the Extent from the Divifor to the
Dividend, fhall reach the fame way from 1,
to the quotient required.

Example the firft.

Let 40 be a Number given, to be divided
by 5 5 there 40 is the Dividend, and g the
Duvifor 3 and the anfwer to how many, vizs
8 isthe Quotient,

Extend the Compaffes from § to 1, the
{ame Extent fhall reach the fame way from
4o to § the Quotient required 3 or the Ex-
tent from § to 40, {hall reach the fame way
from x to 8 the quotient required,

But
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E Bat by the Line of Lines, the work
% thw 3

As the — Larteral 40, to the = Parallels 3
So isthe = 10 counted a5 5 to the —8,

Or, fo1s the =1, to the — 8 of the
fmaller part, _ .

Obferve the Figure withthe Line A B,

Or, asthe—g,tothe =103

So is the — 40, to the = §3 AstheLine
CB in the Figure doth demonftrate, beirig
the manner of working by the Triangulers
Quadranty the way of the Seifor being the
fame, =

A [econd Excample:

Let 1668, bedivided by 192

Asigtox, fois 1668w 87 %%, ;

Or, 150f 19: Or, &

As1p to 1668, fois xto 8775 3

Or, 15 of 19, as before. ,

For the Extent from 19 to 1668, {hall
reach the fame way from 1 to 87--1%, ; the
work by the Lines is as before,

L chis work of Divifion, for moft ordi-
nary queftions, where there is not above
four figures in the quotient, you may core
very near with a good Line of Numbers, as
shat on Serpentine-lines, and the Iil;c;

ue
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. but the difficulcy 1s, to know the Number of
Figures, which 15 thus moft certainly done :

Write down the Dividend; and fet the Di-
vifor under it, as in thevalgar way of Di=

vifiony and theremuft alwayes be as many

Figures as the Dividend bath more than che
Duvifor 3 and one more alfo, when the

firft figure of the Dividend is greacer than

the ficft figure of theDivifor 5. as if *52178

were to be divided "by 365, then there

would be 3 figures in the Juotient ; forthe

Dyyifor would be written 3 times under che

Dividend, in the ufual wayof Divifion 5 and

thofe figures be 417 almoft : Buc if
9172318, is divided by 8231, you will

have 4 figures, wiz. 1115, being one fi-

gure more than 3, the difference of places,

In chis Rulc alfo you may fee the excellency -
of the Artificial-Lincs of Numbers, beforg

and above the Natural-Lincs,
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Sect. 1L

- T'g two Lines or Numbers given, to
find a third in continual Proportion
Geometrical,

By the Line of Numbers workshus :

Tlie Estent from one Namber to the o~
thet, thall reach the fame way from that
fecond toa thixd, &c, ,

Example.

‘As g to7, fois 7 to 9--825
Sois 982 t013—76, &, ad infinit st

By the Trianguler- Quadrast,or Seltor.

As the Lateral firft Number to the Paral-
el fecond,; laying the thred to the neareft |
diftance, there keep it : :
Then fois the Latteral {econd o thePas |
gallcl third, 3 e :

Seéts |
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Sect. IV
Any one [ide of & Geometrical Figure

being given, tofindall the reft, or

to find a Proportion between two

or more Right Lines,

This Propofition is ouoft proper tothe Line of
Linesy and not 10 the Line of Numberss;
and done thys

Take the Line given, and make it 2 Pa-
rallel in its refpeftive Numbers ; the Theed
fo laid to the neareft diftaiice; or the Se-
¢tor fofet, there keepit : chen take out all
the reft feverally, and carry the Compaffes
patallelly ¢ill they fay in like parts, which
thall bethe Numbets requited, Note the
Figure.

Noteallo, ‘That the Line of Sines, and
the Thred will readily lie on all the Anglesy
and be removed from Radius to Radius
more nimbly than any Sedtor whatfoever,
only by drawing the Thred ftreight, and
obferving on what degfee and part it cuts
bcing fo laid. '

Lee ABCDEFG be the Plot of 4
Field, whofe fide ED is only given to be
' H 2 9 Chains 3

—
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o Chains 3 and Twould knowall che reft :
Take E D, make it a = in 9 3 lay the
Thred to ND, or fet the Seftor to that
gage, and there keep itz then meafure every
fide feverally, and you fhall find what e~
very one 1s in the fame proportional parts,
by carrying the Compafies parallelly, oll ic
ftay inlike paxts by the Sector, or ND, by
the Quadrant.

Sect. V.

To lay down any Number of paris n
a Line, to any Scale lefs than the
the Line of Lines,

Take 10, or any other Number, out of
your given Scale, or defign any diftance
be fo much as you pleafe, and fet one Point
in the fame Number, on the Line of Lines;
and with the other, lay the Thred to the
neareft diftance, and there keep it, by no-
ting the degree cut by 3 then take out any o-
ther Mumber that you would have, fetting
one Doint in that Number on the Line of

‘Lines : and opening the Compalles, sl the

ther Point will but juft touch the middle |

£ the Thyeds at N D, and that fhall be the
$" s other
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other pare required; or the length of fo
much, according to the firft Scale given.

Example. Figare 1.

Let A B reprefent a Line which is xco
parts, and 1 would lay down 65, 30,42,
83 parts of that 100. -

Firft, take all AB between your Com-
pafles, and fecone Point 111 100 at 10 with
the other, lay the Thred to N D, then take
out 65, 39, 42, 83, &c. parallelly, and lay
them down for the parts required, as here

ou {ce.

The like work ‘is by the Sector, making
AB a — in 100 & 100; thenjakeour
— 30, 42, 65, 83, or any thing elle for the
parts required,

But note, If the Line be too large for
your Scale, or Line of Lines, then take
half, or one chird, or fourth part of the
given Line ; then if you take half, you muft
at laft tuen the Compafles two times: If
you take one third, then turn the Compaffes
three times; which may prove a very con-
veuient help in many cafes, in Surveying
and Dialling.

Note, That by this Rule yon -mayadd
to, or take from, any given Line, or Num-
ber, any number of Parts or Linces required 3

R which
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which is called the increafing, or diminifh-
ing a Line, toany Proportion required,

Sect. VI,

To divide a Line into any Number
of Paris.

Take the whole Iength of the Line be-
tween your Compafles, and feccing one
Point in the Number of Parts, you would
have the Line divided into 3 with the other,
lay the Thredto ND, and there keep ic g
then take the N D frem 1 to the Thred,
and that (hall divide the Line into the parts
required,

Example.

Let AB be to be divided into 7 parts ¢
Take A B, makeit aParallel in 7, laying
the Thred tothe ND, there keepit 3 then
the — 1 fhall dividethe Line inco 7 parts.
But if the Line were to be divided into ma-
ny parts, as'fuppofe 73: Then firft, fic the
whole Line in = 735 then rakeout the
= 725 71,& 70, for theodd 35 then the
= 1075, for ¢cvery 10" divifion, then the
= 1 for the fmaller pares's orelfe you fhall
find italmoft an impoflible thing, totakeat
Qnee
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once any diftance, whlch, being rurned 2-
bove 50 timesover, thall not at laﬂ: happen
to be more or lefs than the defired Number
required.

Note, That if the given Number hap-
pen to be fuch, that the Part will fall too
Near the Center ; Sfuf*p")re 11, 12,0r any
Number under 33 then youmay double,
treble, or quacruple the Number, and then
count 2, 3, OF 4, for one of the Numbers
required,

As for Example,

Suppofe 1 wau]d divide a Line into 1§
parts 3 multiply 15 by 6, and it :na..cspo :
Now in resa ;d you have muleiplied 15 uy
6, you mulk cake the — 6, inltead of che
= 1, to divade the Line into 1§ parts, be-
tween your Compafles, becaule the w vhole

ine is fer in = go, inftead of = x5 ; which
1S 6 times as much as 15.

Note alfo, if rhe Line bezoo big for your
‘,-_a!e, then Eakc half, or a third, :mJ make
it 2 == in the giyen me then take out the
= 1,2nd turn ewo or three times, to divide
the Lineaccording to your mind, when it
15 too large for your Scale.

Thefe two laft are not to be done by the
Line of Numbers, but: proper for the Line
of Sines only; ualefs you turn your Lines

4 0




to be divided into Numbers, and then work
by Proportion, as thus 3
As the whole Number of Parts, is to
the whole Line, in any other parts 3
Sois 1, toasmany of thofe Parts asbe-
longs to 1,

Sect.  VII,

To find amean Proportion, between
two Lines, or Numbers given.

A mean Proportion between two Lines ox
Numbers, 13 that Number, which being
multiplied by it felf, fhall produce a Num-
ber equal to the Product ot the two Num-
bers given, when they are multiplied the
one by the other,

Example,

Let 4 and 9 be two Numbers, between

which 2 Geomerrical meanis required.
4 and 9, multiplied together, make 36 :
So alfo 6, multiplied by it felf, is 36=
Therefore 6 is a mean Proportional between
4 and 9. To find this by Arithmetick, is
by finding the Squarg-root of 36,
e ' But
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But by the Line of Numbers, thus ;

Divide the diftance between 4 and ¢ in-
to two equal parts, and the middle-point
will be found to be 6, the Geomerrical mean
proportional required.

Bt to dast by the Line of Lines, do thus

Firft, joyn the Lines, or Numbers, toze-
ther, to get the fum of them, and alfo the
half fum; and fubftract one fromtheo-
ther to get the difference, and half the dif-
ference ; then count the half difference
from the Center down-wards; and note
where it ends: then raking the half fum
between your Compafles, lay your Thred
to co on the loofe-piece ; then, fetting one
Point in the half-difference, on the Line of
Lines: See where, on the loofe-piece, the o-
ther Point fhall touch the Thred; and
mark the place, with a Bead on' the Thred,
or afpeck of Ink, or otherwife : for the mea-
fure from thence to the Center 15 the mean
Prnportiuual required,

Or elfe ufe this moff excelient way by Geometry.

Draw theLine A B, and fromany Scale
of
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of Equal Parts, take off 4 and9, and lay
them from C, to A and B3 then find ouc
the true middle beeween Aand ByasatE
and draw the half Circle ADB; thenon
C ereét a perpendiculer Line,as CD 5 then
if youtake C D betw cen the Compaffes, and
meafure ic on the fame Scale that you took
4 and ¢ from, and you {hall find ic tobe
6, the true mean proportional required:
being only the way by the Line of Lines, as
by confidering the Triangle CDE willap-
hear.

3 To do thisby the Sector, open the Ling
of Lines to a Right-Angle (by 3,4, & §»
or 6,8, & 10. thws : Tdke 10 Latterally
between your Compafies, make it a Paral-
fel in 6 and 8, then is theLine of Lines
opened to a Right-Angle; or if your Rule
be large, and your Compafles {mall, then
take Lacteral 5, thehalt of 10, and make
ita Parallel in 3 and 4, thehalf of 6and
8, and it is rectanglealfo: ) Then fechalf
the difference on one Leg from the Center,
then having half the {fum bzrween your
Compafles, fecone Point in the half-d«ffer-
ence lalk counted, and curn the ocher Point
to the other Leg, and there it (hall thew
the mean proporcional Number required.

To
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1. Tomake a Square, equalto an. |
Oblong.

Find a mean proportion between the
length and the breadch of the Oblong, and
that fhallbe the fide of a Squarc equal to
the Oblong,

Example.

Let the breadth of the Oblong be 4, and
the length 9, the mean proportion will be
foundtobe 6 ; Thereforea Square, whofe
fide 15 6, is equal to an Oblong, whofe
breadth 1s 4, and length 9, of the fame
parts.

2. Tomake e Square, equal to s
Tri'anglr.

Find a mean proportion between the half
Bafe, and the whole Perpendicnler; and
that fhallbe the fide of 2 Square cqual to the
Trangle. '

Example.

If the half-Bafe of a Gable-end be 10,
and the whole Perpendiculer x1-18 ; the
mean proportion berween roand 1318, 15
X0-§75 3 the {ide of (!}L‘fq_,;i;-: ”ux; te
that Tria 1gle, or Gable-end re quared,
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3. To find a Proportion between the Sx-
perfecies, though unlike to one
anather,

Firlt, to every Superfecies, find the fide
of his equal Square, whether it be Circle,
Oblong, Romboides, or Triangle; then
the proportion berween the fides of thofe
Squares, {hall be the Proportion one to ane-
they,

Example.

Suppofe 1 have a Triangle, and a Circle,
and the fide of the Square, equal to the
Circle, is 10 inches;  and the fide of the
Square, equal to the Triangle, is xg inches 2
The Proportion between thele two Squares,
as they are Lines, Is as 10 to 15 3 butas
Supertecies, as 100 to 45 5 being thus found
out, Take the Extent berween 15 and xo,
on the Line of Numbers, and repeat it two
timesthe fame way from 100, and it fhall
reachto 45, the Proportion as Superfecies,
between that Circle and Triangle, whofe
Squares equal were 15 and 10,

4. To
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h|
&. To make one Superfecies, equal to ano-
ther Superfecies, of another (bape : bat
liketo the firft Superfecies given.

Fitft find a mean proportion between the
Unequal fides of the given Superfecies, thac
you are ro make one like 5 and find themcan
propostion alfo between the unequal fides
of the Figure that you are to make one ¢-
qual ro.

. As thus for Excamples

1 have a Romboides,whofe bafeis 5, and
perpendiculer is 3, (and fideis 3-55 ) the
mean proportion berween is 3-866:  Alfo,
T have a Triangle, whofe hulf-bafe 158, and
the perpendiculer 4, themean proportional
is §-65523 and I would make another
Romboides as big as the Trangle given,
whofe Area is 32: Then by the Line of
Numbers, fay, As 3-866, the onemean
propottion, Is to §-6552, the other mean
proportion 3 fo is #he Sides of the Rom-
boides, whofe Iike I am to make, to the
fides and perpendiculer of the Romboides
required, to make a Romboides equal toa
Trangle given, and like to another Rom-
* boides firft given,

As
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As thys for Example,

As 3-866 isto g-65525 fois §y.the bafe
of the Romboides given, to 7-30, the bafe
of the Romboides required. Andf{ois 2s
the given perpendiculer of the Romboides,
to 4-38, the perpendiculer of the Rom-
boides required : Soalfois 3-55, the fide of
the Romboides given, to §-19, the fide of
the Romboides required ; for, if you mul-
tiply 7-30, the bafe thus found, by 4-3 8,
the perpendiculer now found, it will make
aRomboides, whole Area is equal to 32,
the Area of the Triangle thar T was to make
the Romboides equal to; and making the
fide tobe 3-55, ic will he like the firft Rom-
boides propounded,

If it hadbcena Trepefie, orother form-
ed Figure, it might have been refolved into
Triangles, aud hen brough into Squares, as
before: Then all them Squares added into
one {fum, whofe Square-root is the mean
proportional ot fide of a Square, equal to
that many-fided Figure, whofe like ot equal
i defired to be made and produced.

5. Ong

:
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§. Oue Diameter and Content of aCsrele
grveny to fixd the Comteut of another
Cirele, by baving the Diamerer thereof
only gi‘vm.

The Extent from one Diameter to the ow
ther, being twice repeated the right-way
from che given Area, fhall reach to the
Arca required.

If the Area’s of two Circles be given,and
the Diameter required 5 then the half-
diftance on the Numbers, between the two
Area’s, fhall reach from the one Diameter
go the other,

Sect. VIIL
Tofind the Square-root of a Number,

To do this by the Line of Numbers, you

muft firfk confider, whether the Figures,

whereby the Num ber, whofe Roor you
would have, is expreffed, be even or odd fi-
gures § that s, confift of 2,4,6,8, or 103
Or 1, 3,55 7, 0r 9 figures,

For if it be of even figures, then you
Muft count the 10 at the end for the unite 5
and the Root and Square are backwards to-
Yady,

But
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But if it confift of odd Figures, thenthe
1, in the middle of the Line, is the unite;
and the Root and Square is forwards to-
wards 10 : for the Square-root of any Num-
bek, is alwayes the mean proportional, or
middle {pace between x, and the Number
propounded 5 counting the unite according
to the Rule abovefaid:  So that the Square-
Rootof 1728, confifting of four figures, it
is at 4xand §,, counting 10 for theunite 5
for the Number 42 8 £, is juft in the
middeft between 1728 and 10.

And to find the Square-root of 144,
confifting of three figures 5 divide che fpace
between the middle x and 144, counted
forwards, mto two equal parts y and the
Point fhall reft at 12, the Square-root re-
quired.

To do this by the Line of Lines,
or Seltor.

Firft, find out a Number, that may part
the Number given evenly, : or as evenas
may be; then the Divifor {hall be one ex-
tream, and che Quotient anocher extream j
the mean proporrional between ‘which two,
fhall be the Square-root required, working
by ¢helaft Rule.

Example
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Example.

To find the Square-root of 144. If you
divide 144 by 9, youfhall find 16 in the
Quotient : Now a mean proportion be-
tween o the Divilor, and 16 the Quorient,
is x2 the Root, found by the laft Rule, iz

the 7[11.
Sect. IX.
To find the Cubick-Root of a

umber.

The Cubick-root of 2 Number, is al-
wayes the firlt of two mean proportionals
between 1, and the Number given ; coun=
ting the unite with che following cautions :
Set the Number down, and puc a Point un-
der the xft, the 4¢h, the 7ch, and the roth
figure ; and Jook how many Points you
have, fo many figures {hall youhave in che
Roat, -

Then if the laft Poine. fall on the laft Fi-
gure, then themiddle © muft be the unite,
and the Root, the Square, and Cubewill
fall forwardstoward 1o,

Bue if the laft Poine fall on the laft
butoue, then rhe unice may be placed at ci-
ther end, oiz.at 1 atthe beginning, or at
X0 at the end 5 2nd then the Cube will be
ou¢ Radius beyond the unite, either for-
Wards or backwards, e

1 But
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But if it fall on the laft but two, “ther

16 at the end of the Line mufk be the unites™

and e Root, the Square, and Cube will
alwayes be in the fame Radius, that isbe-
twéen 10 at the end, and the middle 1.

So that by thefe Rules, the Cubick-root
of 8 is 23 for puiting a Point under 8,
being but onc figure it hach but one Point ,
therefore but one figure in the Root: Se-
condly, the Doint being under the laft fi-
gure, the middle x istheunite; thendi
viding the {pacé berweein ¥ and 8, into
three equal parts 3 the firftparcendsac 2,
the Root.required: ]

So likewife in 1331, there istwo Pointsy
thercfore two figures in the Root § and the
Iaft Poinc being under the laft Figure, the
middle 1 istheunite; and the fpace be
tween1 and 1337, being divided into three
equal parts, the firft part doth end ac 17, the

"Cubick-root of ‘13371.

Again, for 64 thereis one Point, and it
£alls on the laft figure but one 3 therefore the
Root contains butone figure, and xacthe
beginning, or 10 at the end; which you
pleafe, may be the unite, :

But yet with this Caution, That the Cubé
muft be in the next Radius beyond that
swhich belongs to the unite 3 fo char dividin®

“the fpace between 3oand 64, beyond 23111:

midd!é
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muddle 1] epvards the beginning, into thice

€qua] parts; the firk pare falls on 4, the

Ubick-root required : Or, if you divide
*he fpace between 1 and 64, ucar the x0,
‘o chree equal parts; the frft part falls on
4 allo,

Again, for 720, there is but one Point 3
therefore but one fizure : Again, it fallson
the Jaft buc 2 ; therefore 1o at the end is
the unite; and berween 10 and the middle
X backwards, you fhall have both Root,
Square, and Cube for the Number requiredy
which will be 4 95 Forif you divide the
{pace between 10, and 720, o three equak
parts, the firf} part will ftay at 9, the Cu-

ick-root required,
Note, if it be a {urd Number that can~
ot be cubed exactly ; yer the Number of

13ures to be accounted as Incegers 1s.as be-

fore s and the refiduc difcoverable by the

ey is 2 Decimal Frattion.

Example,

. y - . B
For x750 the Root refulting, is 12,22% ;
or 32, and nes

; t 5 of a xco. ]
Thus you have 5 very good and ready

Way for this hard queltion in Arichmerick,
and will come neay enpugh. for moft ufes.

ut to perform this by the Natural-lines,
2L the beft it 15 very troublefome,and cannor

ome to ng fuch exaétnefs, as by the Lineof

| Num-
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Numbers s and therefore I fhall omit it a6
inconvenient.
For Application or Ufe of this laft Rule
of finding the Cube-Root, obferve
with me as followeth:

1, Betweentwo Numbers, or Lines givtn,
tofied two mean proportional Numbers,
or Lines required.

Divide the fpace on the Line of Numbers,
between the two Numbers given, into three
equal parts 3 and the Numbers where the
Points of the Compafies {tay at each repeti=
tion, ( or turning) (hall be the twomean
proportional Numbers requived,

Example.

Let 4 and 32, be two extream Numbers
(or the meafure of two extream Lines) be-
tween which Iwould have, twe mean pro-
portional Numbers (or Lines) required.

In dividing the fpace on the Line of
Numbers, berween 4 and 32, into chree e-
qual parrs, you fhall find the Compafles
to flay firftat 8, fecondly at 165 thetwo
mean proportionals, berween 8and 32, the
twoestream Numbers firft given,

For the Square or Produtt of 4 and 32,
thetwo extreams, X238, 15 equal to the Square
. ; o
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or Produ& of 8 and 16, the two means
multiplied togecher, being 128 alfo.

2. Toapply it then thus for Example -
T T have the folid content ‘of 2 Cube to be
1728 Cubick inches, and the fide thereof

¢ 12 inches 3 I would know what (hall
the fide of the Cube be, whofe folid concent
is 3456, the double of 7282 Diyide the
fpacé berween 1728, and 3456, into three
qual parts; then, lay the fame diftance
the Compafles fland at from 12, the fide
of the Cube given, and it fhall reach to
15-12, the fide of the Cube required,
whofe folid content js 3456 inches.

Alfo, If T haye a Shot of ‘Tron, whofe
weight is 3 pound,and the diameter there-
of 2inches, and 80 pares of aninch ina
T000 3 what fhall the diameter of aShot
be, wholeweight is 71 pound ? One third
partof thediftance, on the Line of Num<
bers, berween 3 pound, and 71 pound,
fhall reach from 2, inches, 780 parts, the gi-
ven diameter, to 8 iches, the true diameter
of a caft Iron Buller, whof weight is 7%
pound. .

I3 2, Second-
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2 Sccondly, ox the contrary, if the Dias
meter and Content of one Globey or Cribe
be grven, and the Diameter of another
Globe or Cube, to find the content thereof.

As the diameter of the Globe, whofe con-
gent is alfo given, is tothe diameter of the
Globe whole content is required 3 fo is the
content given, to the content required 3 by
repeating the Extent the fame way three
times. Example. Suppole the capalfity or
content of a Globe, whofe diameteris 1o
wches, be §23 inches folid, and 8o pares 5
what {hallthe coutent of that Globe be whofe
diameter is 20 inches 2 the Excen from 10
10 20, being turned chree times from §23-8,
the content of a Globe of 10.inches diame-
ter,fhall reach to 41962, the Cubick inches
contained ina Globe ot 20 inches diameter,
being & times as much as the former,

3. The Proportion between the weights and
magaitudes of (everal Merals,are a fol-
lowaths acoording to Marinus Gheraldis

If 7 pieces of the 7 Metals, are all of
one {thape. aud bignefs, cither Sphears, or
Cules, or Culenders, or Parallelepipedons 3
then chelr weielics are in proportion as fol-
loweth, according to Marsnps glmqldi.’m

) 13
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S

' The Shape and Maguitsdes equal,
The Wesghss are in proportion, as,

¥ Tin———— 1554
& Iron— 1680

¢ Copper—— 1890
p Silver ——— 2030
% Lead — 241§
F Quickfilver— 2850
® Goldi—s 3990

_ So that if a Cillender of Tinn, whofe
tide i5 one inch, weigh 1 824 grains ; What
fhall 2 Cillender of Gold weigh, the heighe
and diameter being juft one inch, viz.4682.
For as 1554, 151039903 Sois 1824,
04682, the grains in one inch of Gold.

4
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The Shapes and Weights of the picces of the
feven [everal Metals being equal, then
the CMagnitwdes of the fidesare as fol-
{owesh, according to My, Gunter,

@ Gold———— 3895
¥ Quickfilver— 5433
B Lead ———— 6435
p Silver ———= 7i6x
¢ Copper——— 8222
& Iron ———— 9250
1 Tinn————— 10C00

So that if I have a Sphear of Tron,
weigheth o pound, whofe Diameter is
4 inches; What muft, the Diametex of 2
Leaden Sphear, or Buller, be of the fame
weighe ?

Say theus;

One third part of the fpace between.
9250, and 6435, fhall reach from 4 the
Diameter of the Iron Bullet, to 3 inches
54 parts, the diameter of the Leaden Bul-
Jes, that weighs ¢ pound,

4 5
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4. So that if I bave the weight and mag-
witudes of abody of one kind of Meral,
and would know the magnitude of & body

of another Metal , baving the [ame
weight : work thus ;

The firft of ewo mean proportionals, be-
tween the two Points.on the Line 6f Num.. -
ers, reprefenting the Numbers inthelaft
able, for thetwo Metals, fhall reach the
vight way, ffom the Magnitude given, to
the Magnitude required,

Asinthe Example before,and illuftrated
by another thus ;

. Suppofle 2 Cube of Gold, whofe fideis 2’
inches, weigh 20000 grains; What (hall
the fide of 2 Cube of Tinn be, having the
fame weight ? Divide the fpace on the Line
of Numbers, beeween 3895, the Poinc on
the Numbers for Gold; and xooco, the
Poinc for Tinn 5 and this extent parted into
3equalparts, and thar diftance l1id from
2, the fide of the Cube of Gold, fhall reach
t0 2.74 3 thefide of the Cube of Tinn re<
Quired, ‘ '

S Tb‘
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§. The Magnitudes of two bodies of feveral
Mecals being given, and the weight of
the one, to find the wesght of the other,

Take the Extent between cheir Points,
on the Line of Numbers, according to the
laft Table, for eachfeveral Mctal ; and this
Estent Iaid from the given weight, fhall
reachito the enquired weight, of theother
Metal propounded.

Example,

If a Bulet of Xron, of 4 inches Diameter,
will weigh 9 pound ; a Buller of Lead, of
the fame Diameter, will weigh 13 pound.

6, A budy of one Metal b w:rggt ven, 10
make another body like unie it of anather
Metal, and any other weight, to find
the Diameters and M. agritudes thereofs

Firft, by the 4th laft palt, find che Mag-

nitude of the fide , or Diameter of the

Sphear, having cqual weighc; and note
that down, ot Lccp iL,

’[he 1 find out tW0 mean pmmitions be-
tween the weights ¢ %sscu, and lecting this di=
ftance, on the Line of Numbers, the right
way, cicher increafing, or diminifhing nolm

th
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T find this by Arithmetick, , do thiis 3

Firft, fquare the given Number ( thatis,
Multiply it by it felf) then multiply the
Product by 5, and divide this Produét by
45 -then find the Square-root of the Quoti-
ety and from it take half the given Num-
ber, the refidue is the greater portion, then
the greater past taken from the whole , leaves
the leffey. part.

By the Seltor, work tha ;

_Open the Se&or to a Right Angle, in the
inc of Lines (making Latteral 10, 2 Paral-
elin 8 and 6) or elfe make the Latteral 90,
A Parallel Sine of 45 (or the Lacteral Sine
of 45, a Parallel Sine of 30 ) then uporn
both Legs count the given Numbers then
Yake the Parallel Extent from the whole
umber on one Leg, to the half on the
%ﬂhef Leg, and lay this from the Center
m‘;';tli‘:['-}z)b 5 ".md whatfoever the Poine
Be added ’Z} O{Ed the whole Number, muft
il half Number, to makeup
€ greater Number 5 or taken from the half
o make the lefler,
Bn .. Example. )
¢t the Numbergivea be 12, which may
“Yeprefented ar 6 on che Line of Liness
' then
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then the Seétor {tanding at Right Angles,
take thie Parallel-diftance from 3, the half
of 6 (counted as x2) on oneLeg, to 6on
theather Leg 5 and you fhall*find it reach
to 6-715 which doubled is 13-42; from
which if youtake 6, the half fum, reft 7-42

for the greater part : and if you take 7-42 |

from 12, there remains 4-38, the lefer-
part.

But by the Line of Numbers work thus :

followsng the Arishmerical way, |

Estend the Compafles from 1 to 12, and
that estent fhall reach from 12 to 1343
then next the extent from 1 to 144, fhall
reach from § to 7203 then the extent from
4 to 1, fhall reach from 720t0 180 : then
to find the Square-roor of 180 the ;half-
diftance berween 180 and 1, you will find
tobe at 13-42, as before’; which ufed as

abovefaid, gives the extream, and che mean |

proportional parts of £2 required,
Ayaber Example of 26.

Extend the Compafles from 1 to 26, and
repeat the fame again forward from 26, (hall
reach to 676,

Again, the Extent from 1 to 676, fhall
reach from § o0 3380.

{
t  Laftlya}
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Lafily, the Eernt from 4 to 1, fhall
reach from 3380, to 845 5 and the Squarc-
¥0Ot of 845, 15 29207 : from whlch Nl'un..
¢ or Root, if youtake half _thegiven
umber; wiz, 1335 then there will remain
16-07; one exsream then 16-07 taken

tom 26.0, reft 9-93, the other extream
tequired,

For the Excent from 26 to 16-07, wil]
Wach from 16-07; 10 9-93,

eAwother way by the Ling of Sings,
Geomstrically,

The beft and quickeft way s by the Lige
of Sines, thus 5 Make the given Line a Paral-
lel-Sine of 9oy thentakeour the parallel-
Sine of 38 degrees, 1o minutes, and that
thall bethe greater patt.

Alfo, takeout the Parallel-Sine of 22 de-
grecs; 27 minutes, and that- fhall be the
Iefler €xtream required : Or, according te

e Gunter, yfe §4 for the whole Line,
30 for the greater part, and 13 for thelefs,

Allo b)‘ COnfequEnce, haviug the mean,
OF areater party make i parallel-Sine of
38 degrees, 10 minures 3 tLen Parallel 90
fhall be the whole Line, and Parallel 25
segress, 2 7 minuces, thall be the lefier part,

4ad laftly, having the leaft part, mgke

it
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3t 2 Parallel in 22 degrees, 27 minutes;
then Parallel 90 deg. xo min.’ fhall be the
whole Line 3 and Parallel 38-10,the greater

art-
The Ufe whereof, you fhall have afcer-
wardsin the xxth Chapter, about the cut=
ting oft the Platonical Bodies,

Sect. XL

Three Lines or Numbers given, to
find & Fourth, in Geometrical Pro-
portion s or, the Rule of Three di-
reét. -

1, In all Queltionsof the Rule of Three,
there be three terms Propounded, iz, CWO
of Suppofition, and onc of Demand,

2. Alfonote, that twoof the terms pro-
pounded, are of one denomination, ( orat
Jeaft ro be reduced to one denomination) and
one of another denomination. ‘

3. Of the three termes propounded, (in
diret proportion) thac of Demand is al-
wayes the third term, and one of the terms
of Suppofition, viz. that of the fame Deno#
mination, with the cerm of Demand, s al-
wayes the firft 3 then the other of Suppoﬁci~
on left, muft needs be the {econd term 1o the

Quettion.,
In
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« In dire& proportion Alwages; Asthe
firft cerm s to the IECond, fo is the chird to
the foyrth rerm required,

5. Having dilcovered which be the firft,
1fclionid, and third terms If the firft and
third term be of divers Dcuomiuatiom,—
gl}cf, mu} be redyced to one Denominarion,
It 1t canwot be done on the Line in the Ope~
Tation, asmany GmMesitmay 5 .As jhys for
Yiflance

If one pound coft two fhillings, what
Thall 30 ounces coft ?

Here you fce chac the term of Dipand,
30 ounces vz, the chird term;1s not dive-
ly of the fame Denomination with one
pound, the firfk term 3 butis thus to bere-

uced ro ounces :  Saying ; :

If 16 ounces conth.ﬁmgs, what fhall
30ounces cofk? 3 5—94d.

Thus the firft and chird terms , are
brought to one Denomination : Allo you
fee thac the Demand or Qucltion,viz, What
{hall 30 ounces coft? is joyned othe third
term 5 and alfo thac ¥6 ounces the firlk
Cerm, is of the fame Denominarion ; there-
fore the 3's. mult needs be the fecond
erm, ‘and the Anfwerto the Quettion is
e fourch, ;e

6. Hayving thus difcovered, which are
the ﬁrﬁ, [ccuud, and chird tesms, and re-

K duceg
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duced the firft and third to the like Denc-
minarions3 then the work by the Line of
Numbersis alwayes thus 3

As the fis, to the fecond § fo s the third,
to the fourth,
- Or the Extent of the Compafles upon the
Line of Numbers, from che firft, to thefe~
cond ; fhall reach the fame way, from the
third, to the fourth required.

As 16 ounces is to 2 53 fois 30 ouncesto

25 4, or g pence, O,

As 16 ounces isto 24 d 3 To' is 30 ounces
to0 45 d; which is' 35, = 9d, asbe-
fore.

7. But by the Linc of Lines or Sector,
if you will work onone Scaleonly, you
muft confider which termof the fir{t or fe-
cond is biggeft ; for you muft alwayes ors
der it fo, “that the Parallel work muft be
the largeft, (or at leaft fo as it may be
wrought) and asmuch as may be, that the
fourth: teem may be a Latteral Excent, as
che firft alwayes1s; for chen it is wrought
the fooneft, and alfo the exacteft,

Yet by this Inftrument, you need not
much care for thefe Cautions, having feveral
Scales of Equal Parts, to begin and end the
work on, you are freed from that trouble.

A
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As ths for Exampl;.

Tothe Parallel fecond oz .
Sois the Lacteral third 30 ﬂ.nr.n Y So Parallel{fccond 2
To the Parallel fourch 3,75 Y

When the fecond term is greacer then the frft, then the Work is well
performed thus, two wayes.
AstheLatceral itk 16 N 'C As Lateeral third 30 from aleffer Scale.
or

To Parallel firft - 16

¢ ToLatteral fourth 374, by the fame Scaleg

Ory As =—fecond, to="firft 5 So==third, o ~ fourthy by algls
Scalg alfo, if need be,

139

But when the fecond term is lefs than thefirft, then the work  is per-
tormed  thus :
If 5o Footof Timber coft 405, what fhall 20 Foot coft »
As the Latteral fecond 4o As —3d 20 foor
To the Parallel fiig ~ gof Or as To = 1t so foon
So is the Parallel third 20( before ;) So = 2d 4o thill,
To theLatteral fourch .16 - To wwgth 16 il
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8. Thus you fee fcvergl waycs of work-
ing: but for Beginners, T would advife
thus, brictly.

Eirft; cither to obferve this Rule of chang-
mg the terms, from the firft tothe feconds
wiz. Totake thefecond Latterally, and make
sta Parallel ia the firft 3 then the Parallel
third gives youa Latteral Anfwer. O elfe
towork direttly, as the fieft to the fecond,
and fo be content with a Parallel Anfwer,
which you may alwayes do with the help
of a fmaller Scale, when need rcqulrcs 1Ce
- Noze the Figures of Operation, by the
Trianguler Quadrant.

Sect. XIL
The Rule of Three inverfed,

3, The Rule of Threcinverfed, orthe
back-Rule of Three, is, when the terny re-
uired, or fourch term, ought to proceed
from the fecond term, according to the fame
proportion , that thc furft termy pI'OCECdS

fom the th,l:d
A
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As thw for Example,

Car. Hour. Car. Hoar!

Q.. %6, X0, 3%

I, 2, 3- 4-

¥f 20 Carts carry Go Square yards of
Earch in 60 hours, how many Square yards
of Earth fhall xo Carts carry in 16 hours?
Here it 15 apparent that fewer Carts muft
have 2 Tonger time to carry the like quanti-
ty 5 therefore to the {ame time muft lefs
work be allotted, as in- the work doth fol-
ow, '
Car, Hour. Car. Hour.
20,4 16. 310, - 32,

—_—

Sy A 3. 4.

For if yoy extend the Compafles from 10
0 20, terms of Jike Denomination, wz.
that of Carts's the fame extent applyed the
sonerary way, from 16, the time required,

¥ 20 Cartsy fhall reach to 32, thetime
Tquired by 10 Carts, ‘to carry 6o Load,

For Alufs. as m the former Rule of Three
diveey, .-

Lok how much the third term is grearer

: K 3 than
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than the firft 3 [o much the fourch 1s greates
than the fetond.

And contyarly,

Look hew much the third term is lefs
than the firft, by fo much is the fourth cerm
Iefs than the fecond.

As thusin Numbers.

As2istog, fois 6to124 foras 6 the
third term, is thrice as much as 2, the firft
termy fois 12, the fourth cerm, thrice as
much as 4, the fecond,

And contrarily decreafing.

As12isto 6, fois4to23 Foras 4 is
one third part of 12, fois 2 one third part
of &,

2, But now in this Rule of Three in-
verfed, or the back-Rule of three itiscon=
cranly ordered, s thus ;

Look how much the third termis greater
{ox leffer) than the firft, by fo mugh is che
ﬁmg:h term leffer (or greater ) than the fe2
gond,

--

As thus in Numbers.
Asgisto 60, fo is 30 to 2455 that 15
If 55, is 60d. How many fhillings is 30
EN Pencc?
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pence? TheAnfweris, 24, %  Foras 30

i greater than § ; fois 2% lef than 6o.
Again, 252 318t030; {ois 60toy,in

the like manner.

Piop, Dayes. Pion. Bayes,
18. 40, ¥5. - 48,

—
I. 2. 3u 4-0

1f 18 Pioneers make a Trench in4o days,
how many Pioneers 1s needful to perform the
{amein 15 dayes?

As4cto 15, fois 18to 48 : Here, as
the third 15 lefler than the firft; foisthe
fousth greater than the fecond.

Horf. Dayes. Hor[, Dayes,
% . 90, “Zhs T8y

I. 2 3. 4o l.

Again, if 12 Horfes eat 20 bufhels of
'Provcncf_lcr, in 30 dayes ; how foon will
24 Horles cat up thelike quancity of Pro
vender ¢ The Anfwerisin 15 dayes..

3. The manner of working this Rule
00 the Line of Numbers, 4 zhus. .

Extend the Compafles from one term to
the other of like Denomination ; the fame

R Ko - gxtent,




[ 226 ]
extent laid the concrary way from the othes
term, fhall reach to the Anfwer required.

As in the laff Example ; theextent from
12 to 24, theterms under the denominati-
on of Horfes, fhall reach the contrary way
from 30 to 1y, the number of dayes re-
quired,

4+ Nate, Thatby due confideration, this
back-Rule may be wrought by the Precepts,
tor the dire&-Rule,

Thus :

Inall Queftions of this nature, therebe
thr:e terms given to find a fourth ; of which
three terms, two are of ont Denomination,
and one of a different Denomination 5 of
which, the fourth muft alwayes be 3 which
in the firft Rule of the tenth Seftion before
going, are called two termes of Suppofition,
and on¢ of Demand, “Now here you are
to confider, That o
5. When the fourth term required, ought
to be grenter than that of Demand 5 which
by realon you may certainly know 3

Then fay,
As the lefler term of Suppofition is to the
greatet 3
So 1s the'term of Demand, to his Anfwer,
the fourth,
Example.
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Example,
Men. Dayes.  Men. Dayes.

8o. 12, 40, 24.

R T i U

If 80 Men doa Work in 12 dayes, how
foon may 40 Men do the like Work ? Here
Reafon fells me, that fewer Men muft have
longer time ; therefore the fourth term re-
Quired muft be greater, Therefore,

A5 4010 80, @4z, As the leffer term of

Suppofition 40, to the greater 80 3

Sois 12, the term of Demand, to 24, the

Anflwer required.

6. But if the required term ought to be
eller, which Reafon will difcover in like
manner s Then thas - . :

As the greater term of Suppofition, is
tothelefler; o isthe term of Demand to
the fourth term required,

As 8010 40, fo is 24. to 12 3 extending
the Compafles the fame way from the third
to the fourth, as from the fift to the fe-
cond,

But Nte here, That you are not tyed to
bferve which is the firft, fecond, or third

M ; but to confider only the nature of

the
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the Queftion, that you may Anfwer accor-
dingly ; and indeed this way will, general-
ly, take in the direét Rule alfo. For alwaycs
in Direct Proportion, you may as well fay,
As the third term 15 tothe firft, foisthe
fecond rothe fourth ; asto fay, As the firft
to the fecond, fo isthe third to the fourth.

Alfo backwards; or inverfly ;  As the
third to the firft, fo is the fecond tothe
fourth; extending the Compailes the cons
trary waye.

As 80 to 403 Sois 12to 24.

8. To perform chis by the Sector, or ge-
neral Scale and Thred, on the Quadrantal-
fide, you may generally obferve chis Rule 3
Enter thefecond term taken Lateerally, Pa-
rallelly in the firft, keeping cheSector;or |
Thred, at that Angles then the Parallel~ |
third, thall give the Lacteral-fourth, La v«
FERAELY.

9, Orelle, As the Latteral-firft, to the
Paralleldecond 5 fo is the Latteral-third, to
the P_Lrallcl_ﬁ)urtl‘x, Pirarrerroy.

And if the fecond be lefs thanthe firft,
makeufe of a fmaller Scale 5 or change the .
terms, as is fhewed before.

Sect.
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Sect. XIIL

The Double or Compound Rule of
Three, Dired and Reverfe.

Having premifed the way to bring the
back (or inverfed) Rule of Three, to be per=
formed by the Rules for the Diret; and
confidering that the Double and Compound
Rusles of Three are alike by the Line of N
bers3 1 have therefore joyned them toge~
ther in one Seion,

1. The Compound, or Double (Golden)
Rule of Three; is, when more than three
terms arc propounded, or given.

2. The Double Rule of Three, is when
five terms are propounded, and 2 fist terny
proportional unto them is demanded,

eAs thus;
- If 6 Men {fpend 18 /. in three months
How much will ferve 12 Men for 6
, months ¢

Or, again.

If two Barrels of Beer ferve x2 Men for
14 dayes ; How many dayes will 4 Barrels
ferve 24 Men ?

3. The five terms given confit of two

; parts,
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parts, iz, a Suppoﬁtfon, and Demand 5 a3
in the Rule of Three direét,

The Suppofition lies in thefe three Num-
bers fix{t propounded, wiz., If 6 Men {pend
18/ in 3 months; and the Demand lies
in the two remaining, iz, How much will
ferve 12 Men 6 months?
~ 'Or in the other Example, wiz. If 2 Bar-
relsof Beer ferve 12 Men 14 dayes, are the
terms of Suppofition ; and, how many
dayes will 4 Barrels ferve 24 Men, areche
terms of Demand 2 :

4. The next work is to rank the three
terms of Suppofition, and the twoof De-
mand; in their due and proper order, for
convenience of Operation 3 which may be
thus :

Of the three terms of Suppofition, that
which hach the fame Denomination wich the
term required, place in the fecond place 3
and the other two, oneaboveanother in the
firft place: :

: Thu 5

& e 1.5 1z
3 6

And thea place the twoterms of Demand.
one above auother in the third place, only
oblerving to keep the Numhers of ke D2-

nomi-
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nomination in the fame ranks 3. as 6 Med;
and 12 Men in theupper rank; and
Months, and 6 Months in the lower rank 3
as in the Work is exprefl,

5. When Queftions of this nature are
refolved by two fingle Rules, then the Ana=
logy, or Proportion, is thms 3

Operation 1.
Asthe firft term;, in the upper Rank, is to
the fecond 5
S is che chird, i the fame Rank, to &
fourth, Again,
Operation 11,

Asthe firft cerm in thelower Rank, isto

the fourth laft found

So1s the other term in the lower Rank, to

_ theterm required,

As in the firft Example ; As6tox8: fo

¥ is x2 (o 36 a fourth.

Again, as 3 10 36 5 {015 6 to 72, the tery

- required,

Fhich bythe Lire of Nunsbers, #
thus wrongh 5

Extend the Compafles from 6 to 18 ; the
fame extent applyed che fame way from
X2, thall reach t0 36, Then again, extend
the Compafics from 3 to 36, the fame ex-
tent applicd the fame way from 6, fhalk
@O.c.h L0 724 L0C el L:'..lx.a_;:d_,

By
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By the Trianguler Quadrant;or Seitors

thus
6. As— 18 to—=63 fois—12to
— 36.. Agam,
CAs—36t0=3; lois=6to—72,
the term required,
Orelfe work 1¢ Parallelly, obferving the
fame ordery ‘as by the Line of Numbers,
thus ;

As-——6 to—18; fois — 12 10
216, he fourth term, Again,
As —3t0=363 fois—06yt0= 724

the fixcterm v cqulrcd
The Donble Ryle of Threeinver[ed,

7. In the other b:ﬂmple, 1s comprehend-
ed che double Rule of Three 11w::rfc. which

runs thus;
1f two Barrels of Beer, ferve 32 Men x4
dayes 3 How many da) es will 4Barrels

ferve 24 Men 2
it you Rank the terms, according tothe

former Precept, they wxl“..and thus :

2—14—4 orthus, 12—14—24
12 24 z 4

8, Which
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8. Which if you work according to the
back-Rule, the way is thus

Operation 1.
_ Extend the Comipaffes from 2 to 4, tetms
Of ‘like'Denomination, viz, of Barrels 3 thie
{ame Extent applied the contrary way from
14, thall xeach to 7, for a fourth Propors
tional, =
' Operation 11,

Again, Extend the Compaffes from 12 to
7, the fourth Taft found ; the fame Extent
fhall réach the contrary way, from 24 to
14, the number of daves required.

9. Butif you would reduce'this, to bé
wrought by two fingle dire& Rules; you
it confider the Preeept Rule, cthe gthand
6th;, of the Eleventh Section ; and the terms
of Suppofition and Demand ; and the in-
creafing, or decreafing of the fourth term,
whichisrequired,

] i As thus;
! Firft, T part this into two fingle Rulesy
thuys :

Operation 1.

If 12 Men drink 2 Barrels in 14 dayes;
then 24 Men may drwk 2 Barrels in 7

".’S!

Operas
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Operation I1.

Again, If 2 Barrels [aft 24 Men 7 dayes,
4 Barrels will laft them 14 dayes; the Ane
{wer to the Queftion required.

Here by the 6th Rule, where the Number
foughcisto be lefs; As 24, the grearer term
of Men, is to 12 the lefs of ¢he fame Deno- |
nomination ; Sois 14 to 7, the fourch,

gain.

As 2 the lefler term, isto 4 the greater of
the fame Denominarion 5 fo is 7 to 14, the
Anfwer required, by the ythRule of the
z1th Settion.

Or elfe thus

As 2to7, fois4to 14 ; thatis,the Fx-
tent from 2 to 7, fhall reach the fame way
from 4 to 14, the term required,

To work chis by the Trianguler Qua-
drant, or Sector, the general Rule in chis
Section, Rulesand 7, giveth fufficient di-
rection,

* 10. The Rule of Three, compounded of
" five Numbers, is noother than the double
Rule of Three; and is,or for the moft part,
may be wrought by one Operacion, having
prepared the Numbers by Multiplication,
tor that purpofe : Which two Mulaplicati-
ons by the Line of Numbers, though they
are
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are prefently wrought, yet “the two Rules
of ‘Three are ‘done as foon§ fo'that e
‘Compound Rule; i¢ héte of nio advantage
at all, therefore I ‘mighe wavé it} yet be-
caufe the only difficulty ligsinthe order-
ing the Queftion, T fhall propound it, for
the addition (4ke of another Ezxample;which
Is this ; .

If the Carriage of 2 hundred weight,
30 miiles, eoft 5 Whar will the Carriage
of 5 hundred weight coft for xo0miles 3
Fhe Numbers Ranked, according to the
firft Precept, will ftand thus; as Followeth.

@ ol gy
2§ 10
30 % 100

Tr. Thén for the Operation, muleiply
!:hc: two firft Numbers one by - the other 3
a3 2'tmies 30 is 66 which isthe Arft term :
And lec the middle Numbet be the fecond
term3 and the Produ® of the two laft
( mulciplyed rogether ) for the third term :
Then che Numbers being fo prepared, fay;

As 60, tht Prodi® of the two - firlf

Numbets, 1s to 4, the middle Num-

. berg i "

S0 is §oo, the Product of thétwo laft,

t033:, the A}?ﬁm required.
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By the Linc of Numbexs,the Extent-from
60 to 4, will reach the fanie way from'§e0
£0 33 %. OFy thirey three fullings and four
pence, the price, of 5 huadred weight, cag-

xied 100 miles.

N, -This Rule ferves shen it is pector- |
fne{é by the Compound Rule of Three di-
rest, S
r2, Butif the inverle, or backer Ruleof
“Thaeg, be ufed in the worky then Qpgrase
thus \ e { = o
As in-this following Example, & msanifeff

A Merchant hath received 10/ 104
for the Interelt of p certain fumof Money
for fix Manshs; and he eceived after che
rate of 64, for,the ufe of an hundred
pound in a year; the Queftion is, how
much Money was Principal to 107, —50 5
for 6 Months ?

Firft, I range the Numbets, according te
the order fir{t propounded,) in the4th; Rulé
of the 12th Scétion, as followeths ‘

Mon, . lib. .. Mons
iz 180 —5 .
Sisie 104 203

—

P

36
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Then T obferyve dibigentlys: svhecher the
inverfe Proportion be in the firftor fecond
Operation; or Line, -as thus-in this Quefti-
on it isin‘iche lower Line § therefore after
the Crofs Multiplicatién, it is to be wrought
by the fingle inverfed Rulc ‘of Threes buc
When the inverfe Proportion is:in the upper
Line, jcis wrought by thefingle Rule di-
kedt. :

R
6§ ——— 100~ 18<1i0
12 : 6
126 36

Then T multiplythe double rerms a-
crols; that is, thelowefton the right-hand
Y the uppermoft on the left; and the up-
Permoft on che right, by the loweft on che
left ; s phuy - ‘

6 by 6, whith makes 38, tobe fec under
€3 and 12 by x0-5, or 30l ( which is

126, and §o s.) ‘and fer icunder xo : then

fay by the inverfed Rule, chus ; * * In Btk
As 126 1036, o 100 to 350, the {hegerr_:&;
Anfivet demanded’ S thiae 3501, as Prin- ;;’;P{r 5
€ipal will yield ' #0 4 — 10 1. in 6 Months 3 onis in th
OF, the Excent from' 136't0 36, fhall reach lower lite
be contrafy way from 106 1o 350, the
~Hincipal Mdney required; :

Lz W hicld
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- Which you may more readily prove By
realoning thus :
- 13. I 31.'be the Intereft of 300/ in 6
Months, to how much Money fhall xo/
105 beintereft in 6 Months? work thus 3
.. The Extent ‘of the Compafles from 3 to
100, fhall reach the fame way from 20/,
105 0 350,  the Princpal Money an-
fwering to 10/, — 10+ the Anfwer -res
quired. -
Bythe Line of Lines, work thus ;

As — 3 to = 10, counted 1003
So is —— 302 at the firft 1 nexcthe Cen-
ter, t0 = 350,
b 7O
As — 100, to = 35 fois = 10}
(0 ==x 3§0.

Se&t. XIV.
The Rule of Fellowfbip.

1. Rules of Plural Proportion are thofe,
by which thofe Queftions are refolved,
which require more Golden Rules than one 3
aud yet caunot he Refolved by - the double
( Ruleof Three, ;ox) Golden Rule, which

wigs laft mentioned. ; arii
i 2, Ot
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2, Of thefe Rglcs there be divers kinds
21 varieties, according to the nature of the
Qucftion propounded 5 for here the terms
given, are fomecimes four, five, or fix, or
Wore; and che terms required alfo more
than one, two,or three.

3. TheRule of Fellowfhip, is to difco-
ver the Gainor Lofs of every Partner in the
Stock, by their feveral Stocks, and the
whole gain ‘or lofs of the whole Stock.

Alfo obferve, That che Rule of Fellow.
thip may be cither fingle or dowble 5 of both
which in order, .

4. The fingle Rule of Fellowfhip is, when
the Stocks propounded are fingle Numbers,

As thus far Example.

ABCand D, reprefenting the Names of
‘4 Men, "put'into one common Stock 100 /.
totrade withal : A puts in 30/, B puts in
20 /. C 304 andD 40 '3 and with this
Stock, in a certain time, they gained 10 /.
or 200 3 Now the Queftion is,what ought

gach man to have of the s00 s, that ma

be proportionable to hisparticular Stock ?

5+ The Rule of Operation is, firft, by
Addition find the total of allche particulay
Stocks, for the firlt term 3 the whole gain
% lofs ) , for the fecond term 3 and each,
L3 particus
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particular Stock for a third term ; and re-
peating the Ruleof Three as often as there
be parcicular Stocks in the Queftion, you
{hall bring forth , o find out, as many
fourths for the particular gains (or lofles)
of each Particurar Man reguireds

Ay thus for Inflance.

The fumof the four Stocks are 100 L
The whol_t; gain is Yo/, or 2004,

Thes,
dolizidc s g
10 “E A 266 CA
As rockto J2o( 0 )B 40 .2 )B(
500, bois o= CC ° doggn C
40 )= (D 8o 3= (D)

For the Extent from 1000 200, fhall
xeach from 10 to 20, and from 20 to40,
and from 30 to 6o, and from 40 to §03
the particular gains ducto A BC D, which
wasrequired.

6. For proof whereofy if yowadd 20,
40, 60, and 80 together, they make up
20014, or 10/4 - the whole gain of the
whole Stock. ooy ,

b o 7. Fhe
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7. The dowble Rule of Fellowfhip isy
when the Stocks propounded are-double
Numbers,

As thic for Example.

A B and C, 'heldsd Field :ih cgmmon,
for which they pay 50/, ayear; andin
this Ficld; A had 2§ Oxen went'30 dayes;
B had ‘15 Oxen there 40 dayes; and C
had 26 Ovenwene there godayes: What
ought each manto pay for his partof the
Rent, wiz, §0/2 Herc you fee theStocks
propounded dre double Numbers, as of
Qzxen, and cheir dayes, or timeof feeding;
a2y & 30, 115 &40; 20 & 40, being
double Numbers,

8. The Rule 6f Operation is thus, in the
double Rule of Fellowthip:

Mulciply the double Numbers, feverally
one by the oehier; one after another, and
R‘{kc the fum 6f- cheir feveral Produéts, for
the firft tepm 3 aiid thewhole gain or lofs,
tor the fecond term ; and the particular Proe
ducts of ‘every double Number, for the
third term; ‘one after another + This done,
repeating the Rule of Thwee, a5 ofién a$
there be double Numbers, . the 4th term
Produced - from thofe Operations, fhall be'
Anfwers to the Queltions: required, vize
e quautjey of cach mans gainor lofs,

L4 Exampite
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2§ & 30, A’s Oxen and. time of
- . - - 5 7
feeding, multiplied, 15
15 & 40, B's Oxen and time ef% 6o
' feeding, multiplicd, is ~e—-
| 208& 40, C’s Oxen and daycsof} 806
feeding, multiphied, is ———
; - FheSum
: 33 =4k 3 2 T iy
750 AT 8Car-9 A
§§520??0é)§2§600 B‘sgfj §13-_19, Bs>:
{ 3

8§00 C’s & G18-12 C’s

5O

o

2150

ae,

Re

94 To work by the Line of Numbers,the
Extent of the Compafics from 1 to 25, thal]
yeach the fame way from 30 10 750, the firft
Product of a A’s double Number,or Stack.

Aud a5 3 to 155 08 40 to 600, the
Produét of B’s double Number,and Stock,

Andas xto 20, fo is 40 to 8co, the
Produét of Csdouble Number, and Stock.

Which three Products added , tnake
2150, the fisfl term;and 5o is the fecond
term 5 and 750, 600, 2nd 800;,the three
Produts feverally, the third term. Then,

The Extent from 250 to-go, fhall reach
the fame way from 750 to L7-455 or 1z
95, And from gooto 13—95;, Of 13L—1p1,
WA 2 bl And!
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And from 800 to 18-60, or 182 T 124
the feveral Anfwers required ; which being
ddded together, make'up 50" the'whole
Rent to be paid among them, :

There be other Rules of Arithmetick, as
the Rule called eAllegation, Medial, and
Altersate, and the Rule of Poffrion or Falfs-
bood 5 'in the working of schich,aze fo many

autions in ordering the Numbers, before
¥ou come to the proportional work, that i
would make the Book more bulky than ufe-
ful; cherefore] (hall wave it, and refer you
to the particular Books of “Arithmetick; as
thar ofP Mr. Record, Dee, and Mellis 5 or
that of Mr. #ingare Narural and Autificial,
having in jc p{ent}r of Exampless and o=
thers alfo, as Fobnfous, Faggers, or Muorés
Arithmetick , * any of which “exceed the
bounds I intend For this whole difcourfe ;
I fhall therefore pals on to the Rules of
Pragtice, in foveral kinds, as meafuring Su-
perfecies; and Solids, and Rules of. double
and treble Propartion and Queftions of
Intereft, which are tedious by thePen,
without the help of particular Tables , and
vety ezfic by the Lineof Numbers, as will
fully appear in the next Chapeers, '

CHAP,
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CHAP. "VII,
The ufe of theLineof Numbers in
meafuring of any Rind of Super-
| ficial Meajure,

He Mesgfure that 13 commonly ufed in
T this Work, is a Foot-Rule; divided
into xoo parts 5 or elfe into 12 inches; and
thdfe inches into halves, and quarrers, or
8 parts 3 or inches and 10 partss bur in
yegard that the Nambers: do. moft fitly 2
gree to the T0C parts of aFooty it will be
convénient here to fhew how to reduce
thenyy or any other Frattion, from 2 s. to
40 5. or any other'whatfoever; from one
Fraction'to the other, which by the Line of
MNubnbers is quickly done ; as thus, from 12°
torot, !

! Reduttion,

Extend the Compafies from one Denomi-
nator to theother , 'the fame Extent thall
reachithe fame way from one Nameraror 0
the other. e ~

Examp'és




{55 ]
. Examples
As 12 to 10, Jo.156 half of 32yt0 §
half of 10. &
gtﬂﬂ. .
As 120 to 1005 10-15 30 a 4th of 120,
to 25 a4th of 100,

e

Which two Lincs of Inches ¢ and Foot-
Meafure, are ufually fet together on Rules,
for the ready way of Reduétion by Occular
infpedtions only in thismanfer, 4 in the Fi-
gures And the like may be for any thing
whatfoever, as Mr, Edmond Windgate hath
largely thewed in his Arichmetick. hich
Line being next to the Line of Numbers on
your Rulc, will be very plainand ready in
the pfeof the Line of Numbers fo? feer and
inches, or fhillings and pence; and the fame
Rule of Reduétion, ferves for all manner of
Fradions-: For as the Denommator of
one Fradtion is to the Denominatorof the
other, ( whichin the Decimal work is al-
wayes 2 Unite, withone, two, of more
Cyphers) fo 15 the Numerator of oney: 10
the Numerator of the other,

And Nate, That the operation of Decimal
Numbers, and their Frattions, is no other
than whole Numbers, except only the cute
fing off {o many Figures as there1s Frati-

ons -
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ons in the Multiplicator and Mulriplicand,
after any Multiphication ; as in the follow-
ing Examples will appear.
This being premufed, I come nest to the
Work, ' '
o Problem I.
The breadih of an Qblong Superficies gi-
. Yen in Foot (Meafure, to find bow much
inlength makes one Foot.
" The Extent of the Compaffes from the
breadthto 1, fhall reach thefame way from
1, tothe length required. ' :

Example at 7°*" byoqd,
As 7tox, {015 1o 1 Foot and 43 parts,

b The breadth given ininches, to fiud

" bow much make a Foor,

As the breadth in inches 0 12, fois 12
to the length of a Foor in inches, and 1o
parts. 0

' Example.

At 8 inches broad, you muft have 18

. inches to make a Foot 5 for the Extent fromi

8 to 13, (hall reach the fame way from-x2
to 1§, - ' '
ity i
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To work thefe twoby-the Line of Lines;

As =% to =7, fo is =1 to—1-43,
: the length in Foot-meafure 3
| By )As—12 ro==8; fois =12 10
Inches.§) —183 Orelfe,
* f Ase— 8 10 =125 fOods 32 10
—18, thederigeh in inches:

s .o Problem IL &F
Haying the breadith of an Oblong Super-
ficies given in Foot-meafure, vefind bove
| mnch 5 i1 s Foordong.

This is foon wroaght 3 for in every Foot

long there is jult as nuich as ‘the-breadli is,

| either in Foot-meafifre: or-inchess. for:a

Plece of Board half‘a Foot broacf, and &
Foot long, is juft halfa Foor,

‘ =+ Problem I
‘ Having the length aud breadth sn Foot-
| Meafare, to find the Content in Feets

T_ht Extent from x to the ]eng[h, {haH
réach the fame way from the longth to the
Content in Feets

Example,
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Exmpf:.

.+ &s ¥ ta 1 foot 5o, thebreadehs fois 13
foot, 1o partsy the dength, to'x6 foor and
6y patts, the Conteht requireds

Fhe breadeh givernen incheés,andthe Iengrb
in feet; tofind the Covtent in foer.

As 12 to thie breadth in iriches, fo i$the
length in feer, to.thie Content in feet requis
Fod, o 5 o -t 3
Ezample at 9-inches broad, and

iz foa’r fﬂng,

The Extent ﬁ'ol'ﬂl I2 10D, ﬂ];l" reach rhc
fameway from 1o to8foot, ginches, o £

By the Lini'of Lings. ..

!}s.-;.- Iy to =125
8018 =—'9; t0— § 2 _

. Bt Nate, That in working this,and iz’
ny fuch-like, it will be convententto double
your Scale iu account, calling 't a¢ che
end 20, and cvery fingle figure as mucht

more; as 1o call £ 2, and 2 4, 3¢, A
- = ] é
. ol
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Sothat in thisQperarien; the work, rins
this 3

- T ysra s
~ As —— 11 taken fromthe Lizeof Lines,
counting 1 for x© as ulually,
To =4, the half ofh2areckoned dodble
O X227 oy v o

Sois— 4 X counted for 9, to == 1813] s
tween the Center and 1.
Or elfeshis .
As — ¢ 1 counted forxx, is to=4g
comtted for 323 -2
50,18 == 9, . t0+=— 8 4 fiear theend, ' and
a3 largeasmay be,

Thusyou may many timss vary the man=
ner of work. ol ger whe Anfwek lacerally,
and as Ia;gc asmay be on the Scale of-Lines,
by deubling or halfing the Numbers, -orta-
king the whole Number of QuArters;: ory=
g alels or a bigger Scale, as-hach been
h“lFCd: and fhall be more in places con=
venients in-the following Difcourfe, to at-
tain exactuel and eafe, 25 much as.may be, as
tme and practice will demonfttate to the
Willing Praciitioner in thefe Operations:

Rroblem IV
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st A " Problem IV, )

Having the length and breadth given in
Inches to find the (Content in Superfigiale
Sqmare Inchesio:

. As-finch, torthébréadhin inclids : fo
15 the lengrh in inches, to the Content in Su-
petficidl ariches, : '

Ecample, 20 snches broad, and 36
= snches long, ’
The Extent of, the Cotnpaffes froi x on
the Lineof Numbersto 20, thall reack the
fame way from 36 to 72, the true Namber
of Superficial Squareinches in that Oblong.

"' By the Line of Lines.
s =36 tO =7, -counted as 1§
-80us == 10 Courted a5 20, 10 — 72, af
the largeft Exrent. SRR
For Note, The réafon thdc the Latceral
s2and36; are from the fame Scale jn ac-
count 3 dnd the Parallel x and 20 counted
Decimally, are from the fame Scale alfs; o
glfe according to the Proportion by the Ling
of Numbers; 2
As — I t0—=20, Sois— 36 to =72,
Here allo: 15 the fame advance Decimally
from % to 20, 45 beforé, ‘
2 Problem V.
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o Problem V.- - - '
Having the length and breadsh givey in
Inches, to find the Content in Feer Super-

ficial ¢

As 144 to'the breadch in inches, fo isthe
lengeh in inches, to the Conrent in Feet Su-
perficialks ) sia

Example at 40 broad, and € long.

For the Extent on the Line of Numbers
from 144, the numberof inchesin one foor,
to 40 the breadch, - fhall reach from 6o
inches the length, to 16 foot ; and 26 inches.

0 count fo many inches on the Line, ob=
ferve with me this way of Reduction, the
X8 foor and & is very plainly fzen, And
Note, Thar thereis 10 eurs, in chis place be-
tween 16 and 17 ; and xo.times 14 1S 140,
Which isnear 144, theinchesin a foot; fo
the Point of the Compaffes ftaying at near 2
xoths beyond the half-foor, I count almoit
Bwice 14, which is 2.6 inches for the Fraction
aboye 16 foot and 1,

B} the Line of Lines,
As — 144 ( found between 1 and 2

Near the Center) isto = 40 (atthe figure 4)
M So
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Sois half — 60, or the meafure from the
Center to 35 to =335, which is the half
&f 16 foot 15 and 26 inches : For if you had
taken all 60, it would - have exceeded the
whole Parailel Radius, where the Anlwer
would have been right 16  and better, but
fakitg thehalf, it gives the half allo.

Or &lfe work, ths with a Latteral
Anfwer.

As ! —— 60 to—1 144,S0is all =40

g iy g,

‘ ' os,

Asall' 2 405 1ot = 1445 So is all

- —6oto — 33 and %, the double of
a6 and7,

“+ Nore, Thitin'both thefe twolaft work=
i, the 144 isat 72, which is the half of
144 3 to miake the work the larger. By
thefe the excellency of the Line of Numbers;
over the Line of Lines, is evident in thefe
kind of Proportions, And for difcovering

the Reafon of thefe Proportions, read the |

beginping of the 6th Chapter, Seétion 3d,

Problem VL
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| ‘Problem VI
The length and breadth of anOblong Sz
perficies besng gives, 1o find the fide of &

Square equaltois, bythe Line of Nums
bers.

-—

Dividethe fpace betiveen the length and
readth into two equal parts, and the
middle Point fhall be the fide of the Square
¢qual ro the Oblong given, in quantity.
Example,

If 2 long Square, or Oblong; be 18 foot
one way, and x2 foot the other way ; the
middle Point between 18and 12 is 14 and
I feré 5 for 18 multiplied, by 12, makes
216, and x4-7 multipliéd by 14-7, isncar
216 alfo.

To dathis by the Line of Lines is fhewed
a¢ large in the 7ch Section of che 6th

haprer. :

.+ Problem VII, ,

Having the Diameter, or Circugfertncé

of 4 Circle,to find the Circumference,ot

Diameter, or Squares equal or Infori=
bed, and Content,

For this purpofe there are certain Prod

Pﬁrtgonal Numoers found out; As thys
1f the Diameter of a Circle be 10; then
M 2 -7 the
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the Perifera, or Circamference, is 31 433
the fide of the Square equal to the Circle, is
8-862, the fide of the Squate infcribed is
#07% , “and the- Superficial Contenc is
78-54 5 fo'that any one of thefe being gi-
ven, you may find out any of-the reft by
the Lineof Numbers,

Thus baving the Diameter, tofind
the Circumference,

As 10 to 31 42, fo isthe given Diameter
to the Circumference required.

Or,
As 10 to 8-862, o is the given Diameter
to theSquare equal.

As 10 10 7-071, fo is the given Diameter |
to the Square infcribed.

As 10to0 30, fois 78-54 tothe Square of
the Area- of thar Circle, whole Dia-
meter is 30, Or, To the Diametes
turning the Compalfes twice,

s
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As for Example.
Lex the given Diameter ofa Cixcle be 30,

qu are cqual 26 581 Circumference W11 42
The< Squarcwithin 2 is< 21 21 > Square equal g 852
Content or Area 707 00 N Squarewithing / 7 o7 “f
Diamerex : 030 oo - AredorContentLz8 54 -

¢ Circumference m 94 26 =y Diameter 10 00
S

Alfs Note, Tf the Civqumference be firft given, thenfay; As 3142 isto
the Number xo for the Diameter, or 8-862 for the Square equal; orto
7-071 for the infcribed Square; fois the given Circumference to the relk,

But to find the Areafay, -As the fited Diameter 30, is to the given
Diameter 30'3-{o is the fixed Areator %0, viz. 78-54, %0 707 — by
turning the Compafles two times: 8 g s

Or if the Circumference be given, and 1 wonld find the Area,
As 31-42,the fised Circumfererice,is to 9 4-26 thegiven Circumierencgs fo
is 78-5.4,the fixed Arcajanfwering che fised Cireumference 7 7,the Area
; M required,

-
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requuired, tuening the Compafies two tiraes
the fame way. :

Thus by having five Centers at the five
fixed Numbers ; or four Ceuters anfwering
to the four fized Numbers; for a Circle

whofe Diameter is 30, having any one of

thole § given, ‘you may find any of the o-
ther required,

Thus you have cight Problems couched
in one; therefore be the more diligent to
underftandit, .~ Towork thefeby the Line
of Lines, obferve the former diretions,
which for brevity fake I now omit.

Problem VII:
Thg Content of aC irclebesng given,
to find the Digmeter,

Divide the diftance on the Line of Num-
bers, berween the fixed Content, or the
Point 78-54, and the given Content into
twoequal parts; that diftance laid che fame
way, trom the fixed Diameter, fhall reach
to the required Diameter,

Excample. The Content being 707-00,
The half diftance between-78-54, and
707, thall reach from 1010 30, the Dia-

meterrequired,
; . Problem IX:
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Problem IX.
The Content of aCircle begng gives, to
fnd the Circumference. .

Divide the diftance berween the fixedand
the given Conrents or Area’s intotwo equal
parts, thac diftance. laid from the fixed
Circumference, fhall reach to the required
Clrcumference, .
| Example,

A Circle, whofe Area 15 7oz, fhall he
94-26about. For the half diftance between
78-54,3nd 707-00, fhall reach from 31-42
.the fixed Circumference, to 94-26, theen.
quired Circumference, ,

And from .8-862, the fixed Square, e

~Qual 'to' 2658 2, ‘the inquirgd Squarc E-
qual,

And from 7671, the fixed Square in-
fgribed, to25-21," the ingnired Square In.

feribed.
i Problem X,

Certain Riddes 10 meafure [everal G eomie~

trical Fsgures Superficially,

‘For the-Square, the lang Square and
Circle, hath beendpokento juft before; All
“Othey Figures arc to bereduced o a Square,
X to 3 Jong Squar:; and theq meafured by

Ultiplicarion, as befere.

M 4 Or
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s Or'thus, '
Multiply the Diameter by it felf; and

then that Produdtby 11 : then'laftly, di-
vide this laft Produé&t by 14y dnd the Quo-

“Citcle required.

Civeles

Half-
Circle.

Quadyant,
or the
qRarter.

Leffer-

}'drr:-

For a Cirele (otherwile) -thus 3 Multiply
half the Diameter, by halt“the'Circumte-
rence, and the Produét- fhall be the Content
required, :

Diameter of the whole Circle, 'anda quar-
ter ‘of the whole Circumfereiice ‘togecher,
and the Produét fhall be the Content,

For a Quadrast, or a quarter of a Circle;
Multiply half the Arch; byithe half Dia-
meter, or Radius of the Circle, and the Pro-
duct fhall be the Superficial Content,

The like Rule holds for any leffer portion
of a Circle, whofe Point goeth to the Ceri~
ter, wiz. to take half che Arch, and the
whole Radits; and multiply them together,
and the Produét fhall be the Content,

Any Segment of a Civele givens to find
the true Diametsr. '
Squarc half the Chord, and divide th¢
Produ by the Sine, theén add the Quotien*

and Sinc together 3 the fum is'the Diameter.

Chor

"~ “For a Half Civele ; Muliply half the |
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Chord is 24  12. Squared is 144; divided
by 8, gives 18 in the Quotient, which ad-
ded to 8, makes 26 for the Diameter.

Forany other Segmest of a Circle, find Segments)
the true femi-Diameter, and meafure it as
before; then take out the Triangle, and
the remainder is the true Content. of the
Segment. See Chapter 3. 11, 12,

Or elfe thus, by the Line of Segments
jayned to & Line of Numbers, in
this mansney. :

To the Segment given, find the true Dia-
meter, by Chap. 111, 15, 12. Then having
the Diameter, find out the Area, or Content
of the Circle, by any of  the former Rules,
then the Proportion or Analogy isthus

As the whole Diameer is to 100 onthe
Segments; So is the Altitude of the Seg-
ment,whofe Area isrequired toa 4" Num-
ber onthe Line of Scgments, which you
muft keep.

Then Secondly,

As 1, to the whole Content of the wholc
Circlegiven ; Soisthe 4 Number, kept,
counted on the Numbers, to the Area of the
Segment required.

If the Line of Segments is not on your
Rule, then this Table annexed, will fupply
the defect, realonably well thus :
| A




- whole Civcle'1o000 parss.

A Tableof Segmcnrs

7°
112
147

206

i
258
282
397

339

371

173,

3501

|
|
|

N1 N RN I-h. BaOnh ooV lu“’-‘l 5‘_‘\1 th!-n-hw e n‘-ﬂa (=t mi-—»\-&m t =

27| 2 ) g4y
15y 4 350686 |r
1177( 61 | 3645
1201 18 37391
1224 7 3810 (3§
1248] 2| | 3892
1272 g 3971
1266 4o50
1318 81,4131
1341 8 4211 [ 40
rzgg ;- 4390 |
i3 43
,1411 6 4423_}
1437 81| |a527
2457 | 9:); |46 45
1478} 2 4686
1500 4 | | 4766
1522 6 L faley |
154¢| 8 1 [49s2
| 1565 10 |' | 5000 §0
(1673|1157 |
1778 | 12 5156
193¢ [ 13 [ 15224
19738 | 14 5314
20764 45 5394155
: ug; 16 '5473
2 17 5552
2358 | 18915 (5631
4504 19 | | 5710
Spe | 1 {8935
2630| 21 §869
2719|2241 9950
a7 |33 co19
2894 | 24 6ic3
298¢ 25 | 16190/ &5
3065 6271
3150 6155
214 6434
3318 G516

340230 6598 I 70

IA 1‘ able to divide a Line of Begments, making the

Seg.|parl | Seg.) par] Ing I}mrl [SEg.IP::r
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The Diameter of ‘1he Circle, ‘anfwering
tothe Seoment given, being found onty- Say,

As the whole Diamerer to 1003 o is
the Aldtude of the Segment 1o a 4th Num-
ber, which fought in the Table of Segrients,
OF the neareft to it, gives in the parts the

Umber to be kepts Thenagain, :

As the whole Content of the Circle fixed,
¥z. y00, isto the whole Content of the
New Cigcle ; fo 35 the Number %ept, being
the Conrent, or Area, of the fixed Segmernt,
to'the Area of the Segment requireds

Example.

Let the Segment of 2 Circle, whofe whole
Areais 314-2, and whofe Diamerer is 20,
and let the Alitude of the Seement be 5>
Onie 4thi part of the whole Diameter,

Then fay,
As 2-000, the whole Diameter given, is
t.O I00CD @
Sois the Alritude of the Segment §, to

25005 thegeh 4 which fought in the Table
of Segments, in'the Parts, mves 19-50 for
2 sthNumber tobe kept,

Thera Tin,
A5 1, t0 314-2, the whole Area; ' So is
th9~gc., £0'61-30; the Area, or Content of
¢ Segment required,
For
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Triangless . Eorall manner of Trianglesymuleiply che
. longeft fide (being pro rfy called. the bafe)
~by half the perpéndicu.lE;, and the Produtt
{hall be the Content of the Trianglel; or#
2 to the bafe, fois the perpendiculer to th®
Content, . 1 90l ‘
Rhkombwss  For a, Rbombus, being a Figure like?
Quarry of Glafs, containing 4. equalfides
| and. two pair of equal Angles :- And any |
Figure hawing hisoppofite-fides Parallel on€
to another 3 thenthelengeh of onefide and|
the ncarctt diftance berween theother N‘U"
oppofite-fides mulcplied together, fhall be
the true Arca required. °
Trape- - For all other fourrfided-figutes;call’'d 774
k145 gezsang,being irregular Figures; draw a,Liv‘)
| from one corner tothe others which make’|
i‘ it two Triangles; then mulciply chat Linél
being the whole bafe of both the Tridngle

i by thehalf fum of both the Perpendiculer®

! and the Produét fhall be the Content 1€

I quired, :

| Or., =
Regulat-  Eor all Regular Poiligons, ox Figurcs:wl‘b

Foligoncs equal fides, the meafure from che Center @
the middle of one fide, and the half I’uﬁ‘i
of the meafure of all the fides ml.lluPht’Lﬂ
together, fhall be the true Area, ox Conre?

l}hercot, ﬂﬂf
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< AT Gthey Figures ‘whatfoever, of How

tany fides foever they be, may be reduced

to Triangles,or to Trapeziaes, and meafured

| ashefare’s which kitid of Figure; Surveyors :
| and Byilders -oftentimes meet withal, in |
 their Operations,

,', " Problem XI. |

: For the meafuring of os Oval, the beff way Ovals;

| 4sto veduce it voa Circle thas 5

Divide the diftance on the Line of Num-
bers, between the length and the breadth of
. the Oval into two, equal parts; and the
| middle Point where the Compafs ftayeth
|| on, {hall be the Diameter of a Circle ¢qual
| ' Area to the Qval given.

Example. i3

Suppofe ‘an Oval be 10 foot lorig (trani-
verfe) and 8 foor broad (conjugate) 3 - the
meat proportion ,  becween 10 and 8, is
y  8-95 * Tfay, that 2 Circle whofe Diameter
, 188-0§, 15 equal to an Oval of 8 broad,and
, xolong; And how to meaflure the Circle,is
| fhewed before.
:

2 Of thefe Fignres,
I ¥f the Content be 100, then the fides of
1 thee Regular Figures are as followeth, and
alfo
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alfofo in proportion, is any other quantity's
ot contens required,

Perpendiculer-Triangle, 135 12 34

¢ Trsanguler-fide, : { PR
Sguarey its Side, 10, o,
Pantagon of five Sides; 7. 62.
Hexagon of ffx, 6. o2.

- Heptagon of feven, §e 26.
Octagon of eighe, 4. 5%
Nonagonof niriey' 4+ 03
Decagon of teny 3. 06,

Half Diametersor Radisy, §s 64
Example a5 the ;

1 would bave a Triangleto contaiy 206,
What must the Sides be 2

The half diffance of the Numbers be-
tiveen X00 and 200, fhall reach from 15-2
to 21-§, the fide required, =
_ And from 13-123 the fized perpendiculer
for a Triangle,whofe Area is 100, t0 13-6,
the perpendiculer of an equilatceral Triangle,
whofe Area is 200; st _

st : 8t
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Bt i the Sides be givens and you wonld
find the Area, wark, thus ;

_ The Extent from the fixed-fide, to the gi-
en~fide; fhall reach at two turnings, from
the fixed: Area, to the Area required.

The Estent from Xg<2, 1o 21-§, fhall
Yeachy,at twace repeating,, from 100 o 200,

. Problem " XIJ,

To muakeé an Oval equal 10 4 Circle, baving
the Diameter of the Circle, and the
bengtboor breadth of the Oval given.

Sctone Point of the Compafles. in the
Diameter of the Cixcle foand ous onthe

lae of Numbers , and. the other Point to
the:Qyals length ; -then. tuen. that- diftance
the contrary way from the fame Diameter—

Poine, and jt fhall reach to thebreadth of
the Oyal required.
] Examyple.
Let the Diameter of aCircle be 10 foors
I would have an Qvyg] to contain as muchasg -

the Circle; and be ya foae Iong ; the Que-~
vy is, how bread mug it be 32 '

Set one Pointin 10, and the other in 125
that Excent, rurned the other way from 10,
fhall reach to 8- 34 the breadihi of the Oval
'-‘e(l\-u-rﬁd-_ ) 7

 £3
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3f you' pleale to alter the breadch or
fength, “you fhall foon find the [ength or
breadth accordingly, '

~dework this by the Lise of Lines, you muff

work by the Directionsin the 7th Settion |

of the 6th Chapter, asthws ;

Firft, To find the Content of the Oval,
joyn the length and breadth in one fum, to
get the fum, the half-fum, and difference,
and half différence ;. thén openthe Seétor,
( or lay the Thred on.60lo) to a Right
Angle ;5 Then counthalf the differencefrom
the Center downwards, and note the place;
then take half the fum berween your Com-~
pafles, and fetting otie Point in the half-
difference, and extending the other to the
other Leg, ( or perpendiculer Line) and ic
'fhall fhew a Point, whole diftance from the
Center is the mean proportional required 3
which is the Diameter of a Circle, equalin
Area, to the Ovaly or Elipfis given to be
meafured 5 asbefore is (hewed.

Tomake an Oval equal to a Circles
Take the guefled half-fum of the length
and breadth of the~Oval, and fetcing one
Point-in the Diameter of the Circle; and
on theother Leg, fet ata Right Angle, ‘the
other Point (hall thew half the difference,
berweest
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betwedn the length and breadch of thie O-
val 5 thenif the mean proportional between
thembe equal to the Diameter, you have
Wrought night 5 if not, then refolving upon
the Jength or breadch of the Qval, take more
or lefs, for the breadth or length according-

Y : Herein alfo 1s feen the excellency of the
Line of Numbers, in many operations,

Problem XIII,

The length and breadrh of any Oblong Su:
perficses given in Feet, to find the Cona
tent in Tards,

As g foot (the number of feet in oney4rd) ’
to the length. in feer and pares 5

Sois the breadch, in feet and parts, to the
Contene in yards:

Examsple at 13 Foor 6 Inches ling,
andsy Foot 6 Inches broad.

The Extent of tlye Compafles. from g to
13} the length, fhall reach tle fane way
from 7 1 the breadth, to xx yards and a
Quarter, the Contenc,

« Wore, That if you meafure by feet and
hundyed parts, you fhall find this way ex~
Ceding ready 5 the Anfwer being given in
’-‘_'ards, and hundred parts of a yard. But if

W havea yard dividel intoa 160 parts,

0
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o meafure withal; Thben the Rule ¢ thus ?
As 1 tothe length ot breadch, fo is the

breadch or length to the Content in yards,

Examp'e at 3 yards, 72 parts broad,
and § yards, 82 parts long.

The Extent of the Compafles on the Line
of Numbers, from 1 to 3-72, fhall reach
the fame way from y-82, to 21 yards 65
paxtsy the Content in fquare yards,and 100 |
PE[’CSa [

Bythe Line of Lines,

As —5-82,t0=1x at 1otheend ; |
Sois = 3-72, 10 —— 2165 yardss

Orinthe Example before.
As —. 13-6, counting 6% for 13, i

tO:p; &
So1s=7 to~=117; asyou counts

edat fieff,

_lfiohlggn X1Vs,
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3 Problem XIV,
The length and bréadth of any wall, being
Zivenin feer and 100 parts, o find bow

Wiany Kids of Weﬂif;;g there (hall be at a
Brick w:d o balf thick.

- Firft you mult Note, That 272 foof and
¥ Quatter, makes one Rod, (orfo many feet
Bing Rod). _

Secondly, That ¢ hd Walls be half 2
| Btick, one Brick, cwoBricks, tivo and a
L Nalf, orthree Bricks thick 3 it is to be re-

Uced to'Brick and 4 half thick, asa ftan-

rd thicknefs,

Thirdly Note, That this reducing t 4

1 B“F and half thick, may be at the mea-

Ting, or after the cafting-up, as you pleafe,

| 3 1n the Examples following will plainly
3ppear,

A thus for Inflance 3

! AF ront, “or fide-Wall of a Houle is ro

| Semealured, wherein ehe Celler-ftory Wall

152 BriCkS anda hﬂ.!fthicli( 3 The };hop and

¥ Chaniber-fory is two ‘bricks chicks 3

e other Seories 1 Brick and a half thick ;
0 the Gable-ends 1 Brick thick.

N2 7?!;




{ 186 ]

The neareft way to meafure this wall,
1 concerve 4 thus ;

1. The Cellar-ftory is x0 foot high, but
being 2 bricks and a half chick, T make it
16 foot 8 inches high, by adding two
thirds of 10 foot, to the 10 foot highy
which 15 6 foot 8 inches,’in all 16 foor
8§ inches.

‘ 2. The other two Stories, are fuppofcd ‘
[ 22 foor 5 butin regard they are ewo bricks |
| thick, I add one third part of 22 foot,which |
| 15 7 foot 4 inches, to22 ; and it makes 29
I footand 4 inches, the heighr of the Shop \
and next Story above.
3.'The other two Stories being a brick
and half thick, need no aleeration, which !
{uppofe may be 19 foot, A
“'4. The Gable-end, or Garret-fory, i
atly be, being but one brick thick 5 you mu
take away one third part to bring it to#
brick and a half. Alfo if it be a Gable-ends
| Note, it isa Triangle, and you muft mes’
l fure but half the height, and the wholé
breadth, to find che Content 5 whigh hes® |
‘ may be § foot. :

The
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The Cellar Story, 16—8

Two pext Stories, 29 —4
Two next Stories, 19— 0O

The Garrer, h, faic
70— O

5. Add all chefe flums of feer high toge~
ther, and they make 70 3 then meafure the
readeh,” which is common toevery Room,
the out-fide going upright, which in 2
double Houfe may be 36 or 4o foot,
6. Then having gotten the Dimentions
Yghe by the Line of Numbers, Say,
As 272 % ( the feet in one Rod ) isto 40
foot, the breadth of the Houfe fo is 70
oot, the whole heisht of every feveral
Story, (reduced) to soRod and 29 parts 5
which 29 pares you may call a quarter of a
\od, and 10 foot and a half.

. The "‘_ﬂfﬂ?z whereof i apparent thus :
ASIOOIS t0 272 1 & fo'js 29 to near 79 ;
o which 79-68'is a quarter of a Rod, ar
25 of 100 15 a quarter likewife, which by
the Line of Numbers is apparently feens
sen cyery soth part is 2 foor, and 720f a
ndred, which is near two and three quar-
5% fo thac here 25 being a quarter of a
N 2 Rod,
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Rod, there is 4 hundred parts more in 29 ¢
Then thus; the doubleot 4.is 8, ar, twict
4 is 8, aud four times three quarters is chreé
foot more; of which you muft abate fome-
what (becaufe 72 5 is not 75, which is juft
three quarters ) and all puc together, mﬂiic
ten rod, “onc quarter, ten foot and a half*
for if you fhall ‘divide the Product of 40y
niultiplied by 70, which 1s-2800 by 272 4
you fhall find che Quetient to be 10 rods
78 &, whichis, as betere, 1o rod, I guagces
and 10 foot and a half, |

But note allo by the way, That when
you come to take out the deductions fox thé |
doors and windows, if any, happen in
Wall of two Bricks and a half, or in w0
Bricks 5 you muft add two thirds, or on¢|
third more co the length or bredth one ways |
and then cafting them up feverally, when|
they be of feveral lengths or breadths, yot!
fhall do no wrong tothe Werk-mafter not
Work-man : For true Arithmetick, an
Geometry will lic for na man, or ufe any
kind of partnalicy. I

This I concaive is asnear 2 way, as anf
fuch bufinefs can be performed. Buot if yot
will meafure every Story feverally, takinf
account of each Story feverally in their chick?
nefles ; then, after it is caft up, the belt
way, by the Rule, to redyceir, 152kbsw 3 =
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. A8 3 halfbricks, fora brick and a halfis
to any other number of half bricks thick,
over orunder 35 Sois the Content at that
rate accordingly, to his Content, ata brick
and a half required.

Example,

126y foot ac ¢ half bricks thick is 2117,
for two thirds of 1269, whichis 846, ad-
ded to 1269, makes 213§ ; For the Extent
on the Lineof Numbers, from 3 to 5, fhall
Yeach the famg way from 1269 o211y,
the Number required to be found out.

Ochermife thuss

To bring any kind of thicknefs, to one
biick and a half thick, at one operation, by
the Line of Numbers.

For this purpofe, you muft ufe feveral
Points, as fo many gage Points, as in the
fhort Table following doth appear,

For half a brick, uf¢ —— 3-00000
For 1 brick, - 1-§000Q
For xbrick &2 half, ufe 1-ocoo
For 2 bricks, — = 2.06:7500
For 2 hr_icks & ahalf ufe 0-6000 -
For 3 bl‘{fks, —————"0.§000
For 3 br_icks & ahalf, —<0-428¢
For 4 bricks, s 0-3750
For ¢ bricks-and a half, = ©-2333
For ¢ bricks, 0-3000

N 4 For
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For ¢ bricksand a half, ~0-2727

Far 6 bricks, -—! 0-2§00
8ec, ad infinitum, ’

Example at the 6 ordinary thickneffes.

Let a Wall be 30 foot long, and 1o foor
high 5 and let. it be fuppofed of any of thefe
thicknefles following , from half a bricks
length, to three bricks length in thicknefs 3
then thus in order, increafing, &c,

Firfty at half a Fost.

For 1 brick, As 310 305 fois 10 0
100 foot,at 1 X,

For x brick,  As 1y to3a; foisxoto
200 foor, at ¥ brick,

For x ! thick, As10 0303 fois10t0
300 foot, at 1 1.

For 2 bricks. Asc-7gt0 305 fois 10 t0
400 foot, at 1 1.

For 2 L thick. As.e-60t0 30340 is 10 t0
§oo foot, at L.

For 3 bricks, Aso-goto 303 fois 10 ta
€00 foot,at 1 4.

For 3 Lthick, As 0-4285t0 30 fois x0
to 700 footy at 1 1.

For 4 bricks. As0-3750/t030 3 fois 1@
to §oo foot, at 33

And
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And fo for any other thicknels, as far ag
you pleafe 5 which Points are found thus 5
The Extent, from the number of bricks,
any Wall is thick tox§ (or 1 and 2 ) fhall
teach the fame way from 10, or 1, tothe
Gage-Point required for thar Wall ;orWalls
of that thicknefs.
Example.
As 2 to 113 fouis'z0; to c=750, for
2 bricks I:]'l.iCk; &c.

Laftly, having the Number of Feet in
the whole work, to find how many Rods
there 1s. Say, _

If 272 %, be one Rod; what fhall any
other Number of Feetmake in Rods?

The Extent of the Compafies from 1722,
to x, fhall reach tlie fame wdy, from the

umber of Feet, to the Numberof Rods,
and hundred Parts, or' Rods, and Quarters,
and Feet 5 as by the 6th, laft mentioned.

Example.
In 5269 Feer, bow many Rods 2

The Estent from 2721, to x,!fhall
reach the fame way, from §269, to 19
Bod, and 36 parts of a 1003 or, 19 Rod
I quarterand 29 foot, and a quarter of a
foot, The 1p Rod, and a quartery is feen

plainly
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plainly on the Rule ; ‘and 25 being 2 quar.
tery936 is 11 parts mor€ 5 - for weh 11 pages
more, Lfay, 2times ¥ 1 is 22 foor, :mdP 11,
3 quarters of a foot-is near 8 foor, which
put togecher, makes 29 foor, asbefore : Ory
as the Compafles ftand, ' turn them the eon-
trary way, from the Decimal parts, above
the even quarter, and- it fha]l reach to the
odd feetabovethe quarter requiged.

Example,

TheEstentfrom 272 %, to 1003 or 1,
fhall rcach the contrary way from 10!,
29 foort, the feet above £ of 2 Rod,

8. Obfervé, That the Tyling, theRoof,
the Floors; and Partitions, are meafufed by
the Square; which is 1o foor Square every
way, or 100 foorin Area; The Chimneys
are ulually done by a cerrain rate for 2
Chimney ; or if to be meafured, thus are
the height and bseadthstaken, g.-

¥f a Chimney fland fingly and alone, not
leaning againft, or ina Wali, the yfual way
is to girt it about 5 and if the Jaumes are
but a brick chick, and wrought npright over
the Mantle-tree to tlie Floor; then T {1y,girt
it about for a length, and theheightof the
Story.is the breadthy; ava brick thick;becaufe
of the gathering togecher; tomake yoom fo#
thic next Hearth abovein. the nese Story-

But
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But if the Chimney-back be 2 Party-
Wall, the Wall being firft meafured, then
the breft and the depch of the two, Jaumes
isone fide, and the heighe of the Story ano«
ther fide, to be multiplied together, at a
brick and 2 half thick, or a brick thick, ac-
cording as the Jaumes be, and nothing to be
abated for the want between the Hearth and
the Mantle-tree, becaufe of the Withs and
thickning for the next Hearth,

For meafuring the Shafts of the Chimneys.

Girt with a Line, round about the [eaft
Place of them, for one fide; and the height
for the other fide, at a brick thick, in coufi-
deration of the Withis, Pargitang, and
Scaftolds,

In meafuring of Ceiling a foot broad,and
the length of the Vallics is alwayes to beal-
lowed, more than the whole Roof 3 Alfo the
lenech of the Rafter feec, above or beyond
the Roof,

When Rafers have their ufual pitch,
which 15, when the breadth of the Houle is
12 foot, the Rafeer is o foot long, which is
3 quayters of the Floors brcadth, - be it more
or lefs; then, Ifay, that the Content of
one Floor, and half fomuch, isthe Area of
the whole Roof in Squares ;3 to which isto

be
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be added, the Vallics and Rafter.Feet, or
Eves, in Tileing,

And alfo a Deduction for Chimney-
room, and Gueters, if any be.

Which work_ by the Line of Num&;m, #%
done at one Operatiod,thus ;

As 6666, is to thelength of the Houfe ;
So is the breadch to the Content in the
Roof,
Example.

A Houfe 30 foot long,and 20 foot broad,
is goo foot, or 9 fquare.

For the Extent, from 6666, to 20, fhall
veach thelame way from 30 1o 9oo.

Alfo in meafuring of che Roof, as to Car-
penters work, by the Square, there isto be
allowance for thofe Rafters in the Dormers,
and Gable-ends, on which no Tiles are laid,
asover-work for a particular ufe and con-
venlence ,'more than need be in'abare Co-
vering, or Roof. :

Alfo in meafuring of Plafferers work in
Partitions and Walls ; the Timbers and
Quarters, are not to be deducted out of the
rendring for Work only, except. when the
Workman finds the Work and Stuff alfo,
thien fubftract a 6th patt for the Quarters in
the rendring Work = - Bucin Ceilings, che
e Sum-

\
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Summers which are feen,are alwayes.abated?
and Dogrs and Windows alfo, unlels by a
due confiderate { oran unconfiderate) bar-
gan of rzgning meafure,

Thus you bave . brief account of the u-~
fual order, ufed among Workmen, in taking
the Dimentions of a ‘Houfe, sz, Brick-
work by the Rod 3 'I‘i].c:in‘,r_vA and Carpenters=
work by the Square; Chimneys ufually by
the Firé 3., And Plaflerers. and. Paincers-
work by the Yard ; Glafiers, by the Foor.

There are many other things to be taken
notice of in the Carpenters Bill, as Lintels,
Mantle-trees, and Taflels 3 Luthern Lights,
and other Lights, both Architrave and Plaint
Lighcs, Sky-lights, or Cubiloes, Modillean
Cornifh, and guteering Penthoufe Cornith,,
Timber-Front-Story ,  Cellar-doors,  and
Door-cafes; the Plank and Curb. at the
Cellar-ftairs , Dogleg-flairs , and Open-
Newel-ftairs, Canted-ftairs, counted either
by the flep or pairy together with che half
Spaces onthe Corners of the open Newel.
ftairs, the Rayles and Ballafters, fmall and
great Cornifh, Outfide-work and Partici=
Ons, Ceiling Joyfts, and the Afhlering,
Boarded Partitions,” and Chequer-work 3
back-Doors, and Door-cafes; Window-
boards, and' Wall-timber; Planks in the

oundation, Paleing, Penthoule-floors, and
Penthoufe-
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Perithonfe-roof, furring the Platform,
Cetiterings for the Chimney, Trimmers,
Girders-ends, Ends of Bre(t-fummets, and
Plates and more chietike, which will come
in’Accompt o beremembred and fot down
dccording as the Building is, :

Alfo, with due allowance into che Wall
that way the ends of che Joyfts are cntred of
ldid in the Wall, a5 thus
- ¥ it be Framing Work is only mea~
fured, “then 9 Tuches ought tobe allowed
into cach Wall, that way the Joyfs ends
arelaid'y becauleevery Joylt, if welltaid,
fhould have 9 inches, at' leaft, hold on the
Wall, )

Bur if it be Timber, and Boarding, botl
to be meafured, then 6 inches only 15 2 com-
petent: allowances becaufe the Timber is
ufually vallued atone third part: more tlian
the Boarding is. -

Alfo, As the Workman doth think on
this; the Work-miaftet may not forget to
dedutt for Stairs,and Chimneys alfo,where
Work and Stuft ate both meafured's though
for Work only it may be very well allowed,
unlefls the better Price make an allowance
forit, | _ _

Note alfo, That by the Liné of Num-
bers, you may readily find the lensth of the
Hips and Rafters, in'a Roof of any large”

; . i nEfS’
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utfs, attrue pirch, by this following Pros
pottion and Table.

The Breadrh of the Houfz being 40 Foot3
and the Ends Square, th: Length- and
Angles are; win vhe Table, at the sfud

true pitch,
feets x00pard
Whole breadth 4050
If breadth 20 00
afrer —— - 30 co
Hi p-Rafter : 36 Qo
iagonal Line — §6 §7
HalfDiagonal —28 28
trpendicaler 22 36
deg,  min.
i at Foot " 38 22
HIP Angles%at Top - §X 33
on thz Outfide — 116 12

Rafter Apofes) 4t Foot —— 48 10
ngles Prat Tap iy .

Eor any other Honfe,by the Numbers thus:
at [wppofe 38 Foot brogd.

The Extent of the Comipaffes from 40, the
breadth in the Table, tox8 the breadth gi-

380, fhall reach the fame way from 30, the
Afterin the Table, t033-50, the Rafter
required.
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geguireds - And from 36, the Hip in the
Table, to 36-22, the Hip required. And
from 22-36, the Perpendiculer in the Table,
to 10-06; the Perpendiculer required, And
from §6-5 7, the Diagonalin the Table, to
2§48, the Diagonal required. The Angles
arc alwayes the fame in all Roofs, fmall or
grear, as inthe Table, being Square and true
pitch.

If you would have Directidns for Beyel
or Taper Frames, to find the Lengths and

Angles of Raftersand Hips, you may have |
it at large, in an o Appendsx to the Mirronr |

of oArchitellure ; or, Vincest Stamozzs,
Printed for williams Fifber, at the Poflern-
Gate, 1669,

By which Directions, and the SeGtor,you
may find any thing that is there fet down.
As alfo, by the Triangwler Quadrant, Thred
and Compaffes,

Note alfos That having Inches! and Foot-
meafure together, you may prefently, by
infpeétion, find cthe price of one Foot, ha-
ving the price of the Square, and the con-
trary. Allo, havingthe 12 Tuches on the o-
ther Foot, divided into 85 parts (near), and
figured, at every 8 with 1,2, 3,459, 6,
7 8519530, dhall ‘reprefent pence and halk
farthings 5 then at any price the Rod, yout

have the price of onedioot, 8 the contrary.

As
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o o oA thuss

Ler every Inchyreprefent cne pound; and
Svery 8ch parts 2 ﬂ:ullin_gs and 6 pence 5 Of
every soch part; 2 thillings 5 b-—:cauic_ 3

Vlek‘_cl-Owng, or 10 two thillings, is 20 {hil-
ings,
Example.

Right againft 6 Inches and a half, for 6 2.
0, on chis othey Line, I find § pence 3
Arthings, the price of one Foor,. dt 61, 105,
PerRod: And ac 7 farchings per Foor, 1

id near 4o thillings, or 2 pound per Rod,

.Ar'.f-a, at 40 {hilling% per hqm.m:c, t"(;-LE;'l«.i
i 40, on Foot-mealure, 1s, 4 pence 3 tar-
tngs ¢ pey Foogy found jult agamnf jvop

e Inches,

$444es080100088844

O - GHAP;
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$e4406:005898
?%%# ??%??

CHAP, VIIL
The ufe of the Line of Nume

bers, in meafuring of Land
by Perches and Acres.

bhss
7999

%}Gl

A‘nl Problem 1.

s any Imgtﬁ of the Land, to find the
breadth of the Aere.

N the Anfwering of thisQueftion, it#
not amifs, but very needful to premif¢s
how many Square {uches Feet, Yardsy
Perches, or Chains (I mean a Chain of 6
Foot long) is contained in a Square Acre of
' Land; for which purpofe, have recourfe
| the Table anuexed, which is drawn wif
’ great care and exacenefs for tha purpofe.
By which Table you may perceive, Tb fa®
‘ 6272640 Square inghes are containe
: ene Square Acre. J
I : Ang

i
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And ( 160000, or ) onc huhdred thot-
fand Square Links of 2 4 Pole Chain, ke
are Acte.
" And 43560 Square Feet, make a Square
cre

A And 4840 Square Yards, make a Square
cre,

And ¥742; 4 Square Faccs, mak¢ a
squarc Acte.

And 160 Square Perch; make a Square
| cren

And 10 Square 4Pole Chairl, make ong

Acre, Asin the Table you may fe, |
And 3097% Square Ells’, make one
creof Land, Stature meafure,
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Thenaethelenpth of. the Tanfl given in
Feer, Yards, Paccs, Perches, or@hajns, 1s
to the number of Square Feet, Yards,Paces,
Perchiesor Qhiains 12 Squasre Acrey Sois
Yo the hyeadth of - theLand - (in thag mea-
fure the length was given) to make afiquare
Acre s “Seothe Examples of all thefe -
fures in their order, viz. of Fee¥ards,
aces, Perches, and Chains. i
~ Suppofeh a'ipiece of Liand: be 660 Peet
}‘m,ﬂ,, or 220 Yards, or 132 Datés; or 40
Perches, ©PC16 Chans i leagth j#awhich
feveral meafures are all of the lamegianti-
ty : Twonld know how muchinbreadth
it Have to maake’a Souare Rarc?

Extend: the ‘Cmu?aﬁ'cs Frooy-chie dength
Siven, wiz,, 660 Feet, or 220 Yards,or 132
pa}'@f or ‘dg-Pérches) b0 Chalns.? to
43560, %ot Fret'y oty 4840 %or Yiards;
O to 1742, forPaces;y or o ¥60; tér Per-
ches 5 or to 10, for Chains 3 To the Num-
Ber i ehe- g, for thakatircin dSqlare
Acrey the fame Extent appiy"i‘d thic fame
Way from 't “Hall'yeach to tlic Poet, Yoauds,

acgs, Perches, or Chains requireds

Note the Work,o%
57 "R B8, 10 43563 the Feet - 2

: .Siil'oﬂrc ACTe 3 t
' O 3 80
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So is 1, to 66, the breadthin Feer 1¢
quir_cd-

2. As 220, the length in Yards, ®
4340, the Square Yards in a Squasf
Acres

Sois x, to22, the breadth in Yards ¢!
quired. :

3. As 132, the length in Paces, 10
17423

S0.is %y :to £3-2, the breadth in Pace?
fought, ' ‘

4. As 40, the length in Pcrclms,b 160§
80.$ ¥, t0 44 the breadch in Perches,

.. §. Asixo, the length in Chaiss, to 103
. Sois 1, to 1, the breadth. in Chains ¢
quired.

6. As 176, the length in Elles, (0
309743 ; A

$01s 1, to 17-6, the breadch in E]fes 1¢
quired,

Towork this bythe Line of Lines, fay 3

2. As the — 43560, to =6603%
$) is = 10, to 66, Latterally. Fa
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Z: As the Latteral 220, to Paraflel
4340 ;

So is Larreral 1, ta Parallel 22, (fingle,
double, or four-fold),

3. As— 132doubled, is to— 1742
likewife doubled, becaufeit falls near
the Center 3 g

I8 —- siquadrupled , wizy 4, to
= 13-2 quadrupled, viz, §2-4.

4. As — 160, to—go3
8035 = 10 fof 1, to — 4. Perch.

5« As— 10, :t0 =30 ; i
S0 is= 1 10 x5t breadsh required.

If you wonld know how much breadch,
atany lengeh, fhall make 2, 3,0r4 Acres;
; Thex [ay,
* Asthe fength given to the quantity of one
Acr? in that meafurey according to the
able 3
So 15 2,3,4, or 5y to the breadth res
quired,
Example at 30 Perch in lenoth.
“The Extent from 30 ta 160, {hali reach
the fame way from 4 €0 21 Perch, -and 3
of 100 (or s Foot, 08 Inches) the breadth
L% Acres, at 30 Perches inlength,
0 4 Problem
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Problem 1.

The lengeh and'breadihgitien in Perches,
10 fird the Conteny 117 Perchess of any
piese of Laud. oA

The Extenr from x4 itol the breadth in

Perches, fhall reach the fane way, from che

lengrhiu-Perches, to thestrue-Content in

SquarePerches, thgup £+¢1

.

E.rdmp;’:;, :

As zto-§o_fois 179 to 8y50, the Con.
tent in Square Perches, _

" Problem: HI.

The length and breadth fwing Lvenin

Perchiesy 10/ find the Conmint in Square
Agres, ' 4 -
The Extent from 160 to the breatichiin
erchesy fhallreach the fame way, from the
fength in Perches, tothe Contentin Squar¢
Acses; ‘ hox 02

P

o TR
.LI-"(.'-.U’;{- ¢

A5 ¥6oto go,r fois 1700 toy-58 Acresy
% § AvxesyaRood, aid gPerches, '

Probjem 1v4
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ProblemIAS, ;
Tbt'fmgrb-and breadib'of -a piece of Land
f’ein‘g givm i.'ﬂ Chainss taﬁmf the Con-
tent s Acres.

The Extent from 15.to' the breddth in
aing, and xo0G parts, - w hich are Links,
all reach the fame way; from the lengelfin
0ains and Links, to the Content in Square
ACIES.- i 4 - -
€xampk, |
As 1 to § Chains, 52 Links, thebreadch 3
S0 15 8 Chains, 72 Links, to 48 Acrcs,
_and 3960 Squiare Links.
" +Lroblem. Y. _
-\Hﬂ.‘!"l‘ﬂg the Bufe-and Perpendvciler of 4
Triangle yivenis Ghains or Percbies, to
Jindvbe Contaut-snAores,

The Estene frony 2y Mif you ufe Chains 3
orirom 320, if you miafure by Perches”;
to the whole Bafe, fhall-yeach the fame way
from thewhole Petpendiculer, tothe whoie
ontent of the Triznale s of if itbe 2 Tra-
?'z‘ia, joyn both thePérpendiculers inotte
U :

Example,
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Example,

As 2 ( for Chaips) to 3-63, thewhole
Perpendiculer;

Sois x1-80, the whole Bafe, to 21 A~
cres, 42 Links, the Content of the
whol¢ Triangle; |

. Qrin Perches, ‘

As 320,10 x4-§5, the Perpendiculer in
:Perches ;

S0 15 47-20, thelength, or bafe Line, in
Perches, to 2x-Aares, 24 Links, the
Conkerit in Acres, :

Problem VI, . ‘

Tbs eArea, or Content of a piece of Land
goven, that was ‘meafured by Starstes \

© o Lreches s tafind the Convesit of the fat
pieseaf Land in Wood-land meafrire, of !
Coftomsary Agresyorrifh Acres. '

‘-Fo_r.tha becter underftanding of this Pro

blem, it is neceflary to defcribe. the feveral
kinds and quantities of Perches, which aré
fpoken of by Authors, and ufed infeveral
places; together with their proportion £

the Statuce Perch of x6 ‘Foot .and, a [hal,

fquare, London meafure.

The kinds of Perches, are firft Starure~

meafure of 56 foor ] to the Perch, according
' : g
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to the Standard at Guild.Hall, ot the King's
Maiefties Exchequer. Secondly, Woodland-
Meafure, 3 Perch whezeof contains 18 Foot
Square of the fame London meafure. Third-

Yy Irifb Acres, of 21 Foor to che Perch or
Pole, "And lattly, Three forts of ¢ wfiomary,
uled in {everal places of England, of 20,
24, Chefpire meafure, and 28 Foot fquare
to the Perch. :

As for the Proportions one to another,
that s, as 16 3, to 18, 20, 21, 24, 28, or
any the like whatfoever. :

But 1o find their difference. in Squaresor
Scales, the Work is thus 3, Bytbe Line of
Numbers, Firltappoint what Numberin an
Tuch thall be the Scale Tor Stature meafure,
i‘,hfifh L fhall appoint a Scaleof 301in an

nc -

Then the Extent from 16 35 to-x8, for
#oodland mealure,

thall reach the contrary
way from 30, being twice repeated, to
25-23 o, lfay, thara Scale made to 24-2
manInch, (hall'be the Scale for 2 #oodiand
Perch of 18 Foor Square; and in proporti-
on to shat of 16 Foot 2, at 30 parts inan
Inch, '
Again, For Irifh Acres, which are med-
ured by aPole of 21 Foot to 2 Perch, the
Xteng on the Line of Numbers from 21t

¥6 3 5 fhall reach ( being turned twice the
‘ fame




quancicy
Statute-

bein propor-
3o#a‘an Inch for
fofor the reft, -or any other

'y a5 in‘the following Table,

Ns_n Pert contasned in @ Perchy for Statute, Irifh, or for Caffomarys

1. o - 1649 o 38—00 Statugt-Mealures
i R 1 8 2522 Woodtand. Miafwre,.,
20 Ths Scale Nsp 2042 (" Caffomary.
tharis to it g« .
C 25 proporsio- C 25 3 T 382250 N 1n wn Tneh for Irifhs
mwm 3 nable to 35§ 22 JI5 | 16_89 n..xm_ni i) L |
2 )24 ﬂ we _m:.:_.?_ ,p_ﬁr } ot 1420 ﬁaﬁuﬁ&.\ ﬂ\u%‘qmﬂ?ﬁ,‘_maﬁ“w?
w 28 m wmeafure isy 28 Yro—4g2( Cuffomary. 70
30 . 39 3 -1 09~08 YOr any other.

So that if yeu bavefeveral Scales made upon a Rule (to drawithe Plot
of your Field withal'y tothele Proporrions (.w hichamay beconvenient
enough forDiflerence’betwien oneanother ), théndor che-fFeducihgot

: h the

B Actes, to

oot}
Q)
™

e

L
o =
—
-
o
-
2
-
&%
=
o
e
S~

[}

fox Isy

yion'roa Scaleof

meafurc ; and
whatfoever

v

fame way
efthe §cale
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the Suaneiry of tAcmz found by Statutes
Meafure, ro- Woadland] Inifh, or Guftomd¥
T_'r’, is 10 more but IhLlS k g |

Takg: ¢he’ Acres; meafured by Starure<
meafure, lourof the Scale of 30'm an kuch
appointed for Statate mealure, -and meafure
It in ghe Scale of 2522 im-an Inch fok
Woodland 5 ot by the Scale of x8.5¢ for
Irifh Acresy omby the Scale of 16-89 for
Cuftomary 5 and you thall have the quantid
ty of Woodland, Inth, or Cuftomary
Acresrequired,

Example. |

_ Suppofe T have 30 Acres of Statute;mos-
fure, how many Acres of Woodland,Irifh,
of Caftomary meafare will they make ?
Take 30 from the Scale bf 30 ‘inan nchy
aid on the Scale of 2522} it (hall.give
2§-22, for fo many Woodiand Acres;cand
on the Scale'of 18- 5, for Trifh Acres, ‘Tt
ﬂ\a”‘gl‘lﬁ» 13-5‘5‘ for {» nany Trith Acres
and on'the Scale of g 8 o 11 @n Irich for
Cuftomaty (Aeres; i fhal] pive ‘16-89:for
lo myany Cuftomary Actésy at 22 Boot to
the Perchor Pole, &e. _

This being thus flly premifed, €6 work
thefe Queftions by the' Litie of Numbers
Only i the  Exicfic of “thie Cm:}‘—a.:s fbrom

. 16-53
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76-5. theFectin a Scatute Perch; to 18 che
Frer ina Woodland Perch (or to 21 the
Feet in an Irith Perch; or o0 22, 24,28 the
Feerin a Cuftomary Perch ) fhall reach
frem o, the Acres'in Scatute meafure, be<
ne twice repeated, to 24-22, che Acresin
Woodlind meafurerequired, &¢. 1c beinz 2
larger Acre muft iceds be le6 in quiantity.
Which work iis performed by the back:
Ruleof Threein a duplicated proportion,

~ Problem VIL
#ﬂv;»‘g the Plot. or Drasught of a Field,
and sts Content vn Acres, to find by what
Scale it was Plotted 5 that 35, by what
partsin an [nch

Suppofe a Triangle, or a Parallellagtara,
or long Square, do contairi 4 Acres and 2
balf, which is fer down in figures thus,
4-59.5 whichif I {hould meafure by a Scale
of x2 irfan Inch; might happento be 2-25
Chains one way, and 1 Chain, 25 Links
the other way ; which two fumsbeing mul-
tiplied together, make 2-y200, whereas it
thould be 4-5000 3

Therefore by the Line of Numbers, to

gain the trué Scale, do thus

Divide the diftance berween 2- §2co,an d
4-5 [eleies)




g faey ° =
4-5000, into two equal parts s that diftance
aid the Holic way ftom 12, the. Scale I
Mealured by, thall reach to 16, the Scale the
Plot yag made by., |
. Foy Nvﬂ, That ifthe S

cale I guefled at,
8Ves more cthan Lthould:have, then I have

Y00 many in andInch 5. bue if lefs; I muft
ave more in an Inch, as here, which infal=
rlbly {hewéch which way, which is
the fame way asyou divided the
the gyeffed Sum or Produgtyeo ¢
dugt, _
To this Rule may ' be referred che way to
difcover the true g?.e of Glafiers Quarries 5
the method whereof is thus: They are ufu-
ally cut to, and called by 8s, 105, T25y XI55,
*8s,and 205 in 2 Foot, or any other what
You pleafe s that is to, fy, 8 quarries of
lafs of 8s, make 2 Superficial Footy and
X0 quarries of xos, make a Foor Superfici-
al3 and 12 of the 125, &,
Allo they are cur ing Diamond form to
one fort of 'Angle for the Square quarrics 5

and another for the Long quarries: The
qcute AI!EIC of the Squarc quarrics bc;ug. 77
de;;recs_ and 19 minutes 3 and the acure
Angle of the Long QRaries . 7 desrces and
22minues:  The long 15 baiug jult 6
Incheg Ionz, and 4 inches broads o and
the Squ;zrc 308, © DCIIES oAT . Znd 4

alwayes
fpace, from
he true Pro-

s
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triches, and 80 pars of 2 100 broads
- “'This béing'the ftanding Rule or Method
and thofe two fizes' beiiig known, Twoul
find out any other, a5 135, or 143, or 17%
and thelike, o .

Dy thus

Divide the diftance ot ‘the Line of Num?
bers; beétween the Content of fome kuowft
fize; and the Content of the inquired fize;
into two equal parts ; and char diftance fai

. S A ~
the right way ¥rom the fides of the known

fize (increafing for a bigzer, and decreafing |

for alels’) ‘fhall give the reciprocal fides of |

the fzc required,
‘ - Example,

The Sides, Ranges, Lengths, ond Breadih
of Square 10s;" are & in the Table fol*
lowing 5 and I wonld bave the Ranges
Sides, Lengths, and Breadth of 145, #%
wnfual Size,

The Contentof a' Sqlare quarsy of Glalf
ealled xos; is a juft ‘xoth part of a Foofy
which is'x inch and 20 parts; or one 1ot
part of ‘2 Superficial Fdor, containing 1%
forig inches; :

And’ the Content of ‘the fize called 145
muft be one 14th part of the fame meafurés
or Foot Superficial, which is 0=85 714, that
15 0-857 parts of ont long inch in a 109
parts,

Thest
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_Then, by the Lite of Numbers, divide
thie fpace betyyeen 1-2000, the Content of
£1¢ %05, 20d.0-857 the Content of the 145
Mto pyo equal parts; that Extent, I fay,
Ad the fame way from 3-75, the Ranges of
Square 10s, fhall réach to 3-18, the Ranges
OF T45: - And from 3-84, the fides of
“qhare 103, to 3-25 the fides of Square x4s 3

ad from 4-80 the breadch of Square zos,
to 4~o5 the breadth of Square 14s: And
from 6-00, the length of Square 108, tO
§-07 the length of Square 14s, the requifites
o che unknown Size required. And the

like for any other whatloevet.

P The




009 oﬁ.o ¥iox mfmn. ﬁ,__mw .ﬂ/”.wmloov og.oow. oﬁﬂ .«/am m/.nn 7\99 z\ov)

ool

PRI AR R
“3aemb g puv Suory qiog Ssaraviizy saanfryo fo daf ana aq,

o
_:u bonw ojo6 ¥loz |86 zlrs z|g1|888 o999 o|is P8 flog z|og z|g1
Zog oloog olz6 S|gs |iz £lg6 z|S1(299 o|oog o|os t|z6 £|ex £|io §|8x
££g. gjo00: 100 pioo P19 £1hE tlzx ££¢ ojooco x| Sygt P S E|EF £ 71
oop. 1|00z 1|4% o|gE F|46-E|So ¢[o1|ooo 1|00z 1]oo olog ¥|vg £l94 £lor
oSz 1j00§ H__.vm Lio6 .v_n.v,vao .vmu.uomﬂ 1j008 1j0Z 919€ S10f FioT .vm.
Suay DOﬂ .0.2.& JOOu.r_N OCU[ | Q0L ) MD'u..mu“M .ma *FyIy |oor "y GOV UF QO 00T UT OOL"UT an |
uarien |- mago | qifust dipatg|Tsape sl Jur | & | uatuo | uaguod| g1y [qipaag| sapls Fuwy [ _
"oy oz Sop.L9 sopmny) Suoy | *mur 61 Fop ££ sapuzenD) asenbg w
|

o




{ 211 ]

2588588888 88088 000

CHAP. 1Ix,

The ufe of the Line of Nymbers

. in meafuring of Solid meafure,
as Timber, Stone, or the like
Salid bodies,

Problem I,

A piece of Timber being broader oxs way
than the other, to }érd the fide of a
Square that (hall be equal tharcunto, b=
ing called, Squaring the Picce,

THC fide of the Square, that thall be

~ tqualto the fgnare of the Oblong, is
toching elfe buy 4 mean proportion between
the length and breadeh of the Qblong :

As thy 5

Suppofe a piece of Timber is x2 inchesin
¢pth; and 16 inches inbreadch ( and 1q

290t inleporh.)
* 36 thebreadch, and 12 the depth, mul-
P2 tiplied
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tiplied together, make 193 5 theSquare o
Produét of 16 and 12 muleiplied. 3

Now the fquare Root of 192, which i
aear %352, isthefide of a Srtmrc,equal

. to 12.and 16, the depthand thicknefs of the

piecc of Tunber propounded. = For if you
{hall muleiply 13-850 by 13-859, you
thallfind x92-07x881, the nearelt Root,
you can exprefs in § figures, and an in<
different trme mean proportion, between
12 anda6, the depth and breadth 5 fo that
in fine, 13-86; is the fide of a Square,
nearly equal to x2 and 16, whereas the
doubling and halfing, the old falfe ways
gives full x4, s

Towork shis by the Ling of Numbers,
% thusy

Divide the diftance on the Line of Num-
bers, between 12 and 16, into two egu
parts, and you fhall find the Poine to ftay
at 13, and near 86 parts, the Anfwer ré®
quired.

The way of doing it, by the Line of !

Lines, is thewed inthe VIChapeer, and
7th Propofition, either by the Seétor, or Fri*
anguler, Quadrant, and therefore necds 00

repeqijon jn this plae, Prohl 11
roblem M
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reachro

2rs T .
Problem II.
A any Breadth and Depth, or Squares

wefs, to find bww much makes a Foot of
Timber.

x, If the Timber be fquare (or fquared)
then the way by theLineof Numbers, is

Firft-by Foot meafure,

Extend the Comipaffes from the fide of the
fquare to the middle 1, the fame Extent ap-
plyed, or turned twice the fame way from
x, fhall reach to the length tharmakesa
Foot of Timber, at that {quarenefs,

Example. :

Suppofea piece of Timberbe o of 2 x00
(or 6 inches) or half a Foot Square (which
1sall asone) Extend the Cotripaffes from's
0 1 (forwards)thefame Extent being turn-
ed twe timacs, the fame ‘way from 1, fhall
4, being g Fooryor 40 fuch parts,

whercof thefide of the Squarewas 5.

2. Secondly, The famse again by Inches.
The Extent £rom 6 to 12, fhall reach, be-
ing turned two times the famic way-from 12,
to 48, che numberof inches in length that
Makes 2 Foot, af that Squareriefs ; heing_ 48
P 3 fuch
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fuch parts wheteof the fide of the Square
was 6,
> So that,

. Bsthe ide of the Square, ininches, I to
32 : f01512't0 a 4th, and [ §s'that 4th
to the length of a Foot required, turning
the Compafies twice, the fame way, as you
turned from che fide of the Square 1n inches
to 12. vy

3. If the pieceof Timber,or Stone, be
not Square or Squared, :

LT ' Then '

The Extent from, 1 tothe depeh,, fhall
reach  the fame way from the breadth toa
#th Number, ’
gy Againy

The Extent from.that 4th Number to 1
{hall reach, being turned once; the fame
.way from 5,to the length of a Fogt ia Foot-
mealure required, : e 2t

Example,

i ~Suppole a picce of Timber be 0-333 déep,
and o-750 broad - in Foot-meafure 5 or 4
anches deep, and g inches broad, as witha
glanceof your cycon inches and foor-mea=
fure, you may fee how thefe Numbers agree.
The Extenc, I fay, from x to o- 333, dball
xeach the {ame way from 0-750 to 2-50s

gasn,

Liay, The Extent from 250 the 4th; t0
5
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1, thall yeach the fame way, from 1to 40,

°F 4 Foor, the lengthirequired, to make a
00t at ¢hat breadch and depth.

4. By Inch-meafures ® find the length
,',f @ ‘Foot in Inghes:

As 12 to the breadrh invinches; % is the
depth in inches to a 4th 5 then as thae 4:h
to.x2, fois'®2 10 the lengeh in inches ve.
Quired,

Example.

The Etent from 12 09" the bréadeh,
Thall reach thc'fame way from 4 the depth,
%3 for a 4th,

Then theEstént from 3 'the 4th to'r2,

1all reach the fame way from 12 to 48,
the inches in Teiigeh rcquircd;’,fz’ make a Foor,

- ".y. The breadth and Aepthgiver Y nehes,
to find the length of aFoor of Timber,
in Fgft '.fmd Parts, .
Then Ia-‘y:-h‘ S¥0¢ ’the..'d'e hy foisthe
bteadth to a,q.‘fh.- e i
1 Again, | ‘

. Asthat 4th 6 %2 (o isrraeoihe length

W feer and parts,

P4 Examples
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P Example.
The Extent from Iap:g 4, fhall veach dhe
fame way from g to 36, a 4th 5
o T hesn, ;
The Extent from 36 to 12, fhall reach thf
{ame way from 12 to 4 foor, the lengt?
in teet required, oy o

‘ T he reafon of this Order and Method, if
.you contider, you will find thus ; ‘

o dnthe 4th way of workfng—, o8 went thws 5

<+ As 12, the-inches ina foor, is to ¥
: breadth in inches 3 : '

I - +80 is the! depth 16 3 Foot..

But sn the Sth and laff way, you [ay, ‘
As 1 foor# the depch ininches; 4
.. So1s the breadth 1o 36 inches, 'wlughl
3 foot alfo. b adi)
But altering the Order in the beginnings |
/] -alters it 1n the ifue, thoughxh; {ame truthy
i yet in or under divers depominations 3 g
48 inches, and 4 foor, are the fame Yﬂ
[fomer mcs ong-way is more convenient th:{
[ another, '

Problem 410
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Problem . III.

e any Squarencfs, ‘or Breadth and Depth
Liven wn Foor-meafure, or Inchesy to
< fud bow mwch Timber 45 jy u Fonr

fong, in Foot-meafure, or feer,and 100
parts or nchesi-

1; If the picce of Timber be .S"qmrlt Cov'
Squared ) ' thex work: thu for 'Foota

micafurc.

As 1, tothe fide of the Square, 'fo s the
fide of che Squareto thequanticy of Titber
1none Foot long s which multiplied-by the

tngth, gives the whole Contenc required.

: Exampk.

At 50,07 balf a Foot Square, bow msch

. %358 Foot long 7

Extend the CompafTes ‘from 1. to.§, the
ame Extent tumc:oEJ the fame way from g,
veaches to 25, or a:quatter'of 4 Foor 3 - then

if the Tree be 15 toot long, - x2-quarters
w;ll_makc 3 foor, the Content,

2, The Side of the Square gfw-r-: in f;r.cﬁe:,'

" to find the Onantity, or Contitits, 31 4
Foot, '

As 12, to the fide of the Squate, {ois the -

fide
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fide of the Square 10 3 twelve parts of 3 Foot
Solid, or ; of a Fdor, '

< Ory Lt 4
. As 1, tothefide of the Square, -{g is che
fide of theSquareto 36, 144th’ parts of 2
BoptSolid. - < %
- Example, 1q
The Extent from 12 to 6, the inches
Sepaxey fhall reachithe fame way fom:6
3anghes  in,_a Foor. dougy: whichds- 3 12th
parts of a Foot Solid, KL TR
Again,
i ThelExtent fiany 1'to 6, theinches fgliare)
fhialk Feach the fame way from 6 16 36 the
nbmber-of tongi thelies a2 foot long's of
piecesuof 1 inch fquare; and 4" foot Tong,

244 of which makes one foot of Timber,

“ g Bt if vhé. Pivce be not fqudre oy }'qﬂd-
ved ) then to find Ha muich ¥ 1n'a F oot
J‘Mg,-wcrkébm; st basixd

As x:to thedeptly fs is th'cbr(.‘a;itia, 10

the'quansicy in a’FJoc_,‘ £r 2%

Example 3 wayes : At 9 and 4 breadsh
JRLT: S and dlpib_ wl &
¥, The Exteat from'x «to 6-333j fhall
#each the fame way from o-7y, t6'6-25, Of
#quarter of a Foor; for Foot-meafiire. 2
) o A

1

l
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2. The Estent from 1 to 9, (hall reach

the fame way from 4 to 36, the long inches
na foot long 5 for Inch-mealures, . =

3. The Extenc from x2. to 4, dhall reach

the {ame way from to.3inches, or 3 veths,

iz, a.quarter of a Foot ;. for Inch. meafime,

: Problem 1V. :
' The fide of the Square, or the breadch aid
depth givenin Inckes, or Foot-miafyre,
' and she length.in Feet; to fivd the © yan-
' tity, or Content of .the while Picce, in
feet and parts. e

i Forfl;. for Foot-meafure 5

| As T, tothe fide of the Square, in Foota
| meafu.rc, fois thedength, in Feer to 2.4th,
A then chat 4 ro the Content i feeg and
Pargs, - s i 2
' - Example, :
The Extent from 1.to 0-833,-thefide of
€ Square, fhal] rach from 10 foot 2§
Parts, the length t0:8~543and from thence

» 77115 the Contene i et andyparts Te=
Quired,

3. For Inch-meafure, Sap,

fo 4s 12 tothe fide of the Squarg,ininches,
~Bthe lengrh ja feer, o a4th; and then
: that




‘thenice to7=1 1, or.7 foor 1 inch, and a chif |
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¢hat 4th tothe Content in feet and pattss |

Example at 30 Inches Square, and 10
Faots 3 Inches in length. .
The Extent of the Compafles, on the Lin® |
of Numbess, from 12, t0 xo'inches Squat® |
thall reach the fame way from xo foot 2, |
3 inches, to 85-4 for 2 4th; and £:09
part, the Conteng required, © As' by’ look’
wmg for xx on the Line of Foot-meafulf’!
right agiinft which, on the inches, is 3 ¢
and a quarter, and fomewhar more, -
3. But if the piece of Timber be 9%
fquare, and you would'meafure icwicho®
fquaring, by the firft Problens ;

Then [ayfirfl by F oat-!lmfurc? thas 5
As 115 to the breadth, {o1s thedepth @
. a4th, Then, :
As 1 to the 4th, fois the length in feet®
the true Conrent, in feet and parts,

|
Example, % |

Let' a Timber-trée of one foot 29, Of |
quarter one way, and onefoor o the ofF¢
way, and 12 foot lone be meafured.

The Extent of the Compaffes from X 7
5-25, 'fhall reach the fame way from #§°7
oy .3-?4, for a 4th, oo



|
3

'

[ 22x S v
. Then the Extencfrom 1.to ¥8-74, ihall
%ach the fame way from 12 foot, the length,)
©22.50, for the Content; iz 22 foor:
0 3 half, the whole Content required.

4. When the breadih and depeh 3 given
in Inches, andthe length in Feet, to find
the Content withont [quaring.

As 12, to thebreadth in inches 3
+ S0 is the depth in inchesto a 4¢h :
: Thesn,
As 12 to that 4th, fo isthe length in
feet and parts, to the Content in fesr
" and parts required,

Example at 15 inches deep, and x8 inches
broad, and 3 foot long.

Extend the Compafies on the Line of
umbers from 12 to 15 -the depth ; the
me Extent applied the fame way from 13
;1:1: breadch, l‘gall reach to 22-50, fora

Then the Extent, from 12 to 22-50, the
$h, thall reach the fame way from 13
%, the length, to 24 foor 38 parzs, or 4
Bes and a half, as a glance of vour eye

e Tuches and Foot-mealure will plamnly
(h‘iw.

Thus.
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Thus yot havethe Solatson of aniy Oue- l
flion that may coricern proper Meafuring BY
‘Foor-meafure, and lecEes; ufing only the
Centes-at ¥o-for Foot-mealuure; and at 17 |
for Inch-meafure, withour troubling you |
withx44; or 1728, ot 417, orf the Iik |
asin the'litcle Book of the Carpenters Rulty
may be feens : ‘
To work thele Queffions by the Line of
Lines, choughit may bedone feveral way
yct no way i foon, nor fo exact, as by the |
Linc of Numbers: Yer 1 fhall fhew not
ifr this ‘place, together by themfelves, the
Three principal Qusftions, ziz. How mue
makes a Foot in quamitys  Aud, How mut
# i & Foot longs Auad, By the [mgrbl
breadtls and deprh, the Content in Feer s+~ 18 ‘
the doing whereof, youmuft conceive th®
Yo principal parts to be doubled, and che?
26 15 called 20 3 and confequently 6%s cal’
Ied 12, the Poinc {6 often ufed’; and § ¥
called 10, the Potint ufed for Foor-meafure?

1. To find how many Inches makes a Folb
; at any Squarenefs,

" As the — fide of the Square, to — 125
8o is the = fide of the Square again, ©
a — 4th Number,

Agaifs
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Again,
Rs = 4o to that = 4¢h Number 5

$OI5:= 12, 16 the — Number of Incheg
that goes tomakea Foor of Timber,

Example, at.8 Inchey Sqxare,.

Take the diffasce from the Center to 4s
ecounred as 8 3 and makeir 2 Parallel i
S, counted as 12 3 or lay the Thred tothe
Ucareft diftance, and there keepir, Then
take che nearcft diftance from 4 to ¢he
Thred, and thar fliall be a Latteral 4th,

- Then take the Latteral diftance from the
~EILer 0 12, according to the afual ac-
Junty and make it 2 Parallel in the 4th
aft found, laying the Thred to the nearefd

Iﬁ;mcc, and then:kf.‘cp it; then take che
nearclt diftance from 6, connted as 1z, to
the Thred, and thar hall reach LatrcrallK
from the Center 1o 27 Inches, the lengt

Tequited; tomakea Foor of Timber, at §
Inches Square, !

Which Work. Lmore briefly word thos, s
formerly is dowe,
As — 4, counted as 8, o= 6, count=
ed for 123 :
Sois =8, 102 — 4th,
g Tb‘ﬂ,




Then, .

" KsE=13, to=4th; Sois = 1%
to —- 27, the length in inches res
quired. '

2. If you wonld ufe Foot-meafure, court

the § i1 the mudft - for x0, or x Foot ;

and work_all the reft as before : As th
for Example. :

¢ Inthe fame quastity, Square, expreft in
ecimals :
As —— 0-666, counted doubdle, to =y,
counted double for 103
Co1s = 0-666, t0 — 22 ILfora 41;1]_
Then, :
As— 1, to=—22}; Sois = § count
ed for x, to 22§, whichis 2 Foot s
as by the Foot-meafure and Inches
you may fec.

34 If the Piece be not [quare, thes [ay
thus ;

As'— breadth, to — 12

So is the = depth, to the — 4th.
Then,

As — 12, tothe —=4th;

Sp is — 12, ‘to’— length chat goes't?

make 1 Foor,
Examplt’
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E:umpz_,, at 9 Inches, and 4 Inches,
for breadsh and depih:

As 9, to = ¥23
Sois = 4, to — 150, for a 4¢th,

As 12, to=4th, beft taken ac 7§
for largenefs fake 3
S0 is = 12, to ~—— 48 Inches.

Or ¢ife thu ;
As— 9, to=1;
S0 is =4, to — 1-80, 2 4th,

Then,
As — 13, 0 =1.80 3 :
Sois=13, to —— 4 Foot, the length in

Fe."t’ that goes ro make ¥ Foor of
Timber,

" 4 Tofind bow much 2s3n a Faor-siéng,-
A any Squarenefs.

As the — fide of the Squaréis to = &,
counced double as before s

80 is the — fide of the Square to the —=
Quanticy- 10 a Foot.

Q Emmp!g‘
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Exdmpleas 6 Inches, o (§) balf's |
Foot Square.

)
As — g, to=—1; fois—g, to .;-115[
forFoot-meafure:  Or, :
As.—-6,to—12; fois=6, ro—--5’|
 for 3 inches, or § of afopt,

5. The fide of the Square givenin Inch?”
and the length in Feet, to find the C0*
tent sn Fedt, \_

I

As —= fide of the Square, to=123
So isthe= length to a 4th. |
Thesn, J
As — 4th, to =123 fo'is = fide
the Square to — Content requireds’
feer and parts,

Example, at 9 Inches Square, and
16 Foot long
As —gto=12, fois—x6t0 — »
Again,
As —g4th, wiz. 12, to=12
So 1s =9, the fguare to'g, thetrué
tent of facha Piece i fectand
requireds




B oY Y aboe |7
Theellike Wark[ ferves for Fgor-theafure;
‘ uﬁug of Is !

6, Tbg'ﬁgu'gfi‘ g;'vf-u_in.f"a:, and the
Breadth and Depth in Inches, 1o frd
the Content i feet and parts,

|
|
| AS ~— bfeadch; to='123
| . 90us= depthy coiagth. -
| be”’
' As v gthyoto =324
| Sois =lengthyto -~ Content in feet.

- Exémple. at.§ Inches and a balf Deep, and
| g 1nches Broad, and 16 Foor Long. “

t) AS.-——-S-;, o Bl 3 P d
Soig= I§,t0.— &9 for a 4th (at 24 3)

e,
As—69 (or 344 ) that — 4th, to
Lo 5N 4 : 5 . B
.99, 1508580 Taken ot 8. taw— o foot
2 inch ;

€3 the Content reouired.

Thus you fee the way and manner of
‘}'Qrk_fng{y the Linc of Lings, eicher on the
#adrant, or Seftor-fide for the ufual Que-
: ﬂf%';t for I have neglefted to give the
R‘-‘ﬂtent of Pieces in Cube Inches, for two
fons 4 Firt, Becaufe it 15 very feldom

(_L_z fc=

’

4
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required, <Secondly, Becaufe''the Line @
Numbers at moft will fhew bus 4 figure¥
which is not fufficient for any Piece abot®
6 Footy therefore not fit for Inﬂ-rumerl"l
Worlg, S ¢ !

And *withal you may obferve; Fhatd |
wayes the Latteral Extent firft raken, m“ﬂ"
be lefs than the diftance froin the Center ¥
the parallel Point of Entrance, which "!l
thele Examples is remedied by calling 6 3%
And allo, there<are fo smany Castions
doubling aud halfing of Numbeérsto maké
it applicable, thar without due confiderad”|
on, you tay fooni erry  Alflo, “the openif
and fhuceing the Rule, and ufing of feve
Bcales, makes it far inferior to the Lincﬂf-

Numbers, whichmay be eafily enlarged, |
|

sesisaesnsisssses

CHAP

: v
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fitasanseratessises

CHAP, ‘%,
' T weafure Ronnd Timber, ~or
|

f
)
:
|

Cillenders, by the Line of
Nymbers,

Problem I .,
| Having the Diameter of aCillender given
- ‘ in Inches, or Foot-msafure, to find the

length of one For,
1, § the Diameter in inches, to 46-90,
- (ar which Diameter one Inch makes

aFoot) 35015 x to 2 ath. and thar 4th to
the length jn inches.'* P $ii

1., Example at 30 Fuches ﬂidimt:r,
The Extent from yo to 46-90, being
;h‘lrned_ ewo times the fame way from 1,
a

Il reach to 21 inches, 8 xorhs, for the
f“gth of a2 Foot, at that Diamcter, in
Nheq - ’

IS,
: Q3 Or
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Or rather work thus

$ 8AE R85 0Cgnn :
& G o b g 2 TUTRY P
< As'thedaches Diameter; fo ;3,5'4.; _
Sois 12 twice, tothe Tuches thar miaké

a Foor of Tambes., . - [

e

+» The Exeiftifrom 10, to 13-54, egrned

twice the fame way from 12, hall reach 19

22 Inches, =4 ‘
Or, yadiee

The fame Extent being turned two time
the {ame way from 1, fhall reach to 1-8 ER
which is, the Decimal for*22 Inches, asbY
Taoking o icl and Fost meafare) you maf
Pl B Vet wid il

eAgain, R ‘

2., For the fame Diameter in Foot-me#
e ¥, e ' £

The Extenit from 0-83 3 '( the Decimal o
10 Tnches) to'¥- x28] belnig turned rwice
fame way from 1, fhall reach to 1-8%
which s almoft 22 Inches, as by comparité

1Inchf:s ad Pot-meafure rogerter; is plainl
£,

TR Y

Problem 1h
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Problem 1I,
Ham'ng the Diameter given in 1 nehes, or
Foot-meafure, to find how much i in a
Foq. long.

I, As 13-4 (the Inches Diameter that
make a Foot of Timber, at one Foo:
1ong), to the Diameter in Inches ;
i1 x2 t02 4th, and fo is that 4¢th, to
the quantity ina Foot long,

Example at 10 Inches Diamter.

.2 The Extent from 13-54.to 10, beingre-
peated o times the fame way from 12,
iall reach to 6 Inches I, Ory 54 of 100,
2ing fomewhat wnore than a half Foor, for
C}l{: rue an_t.mt of one Foot !01]1;.
2. Burif the Timber is great, then itis
TMOEE convenient to haye the quantity of a
Foot, infieee and parcs,
. Then [ay,
As 13-54, is to the Diameter in Inches;
(x018 X, toageh, and that gth to the
quantity ina Eoor, in feee and parts.

Exanple, @ before, at 10 Inches.

The Extent from 13-74 to 10, the Dia-

Q.q. mecer
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meter in Inches, fhall reach, being turned
twice the fame way from 1,10 0-545, the
Content of 2 Foot Igng.

Again at 30 inches Diamitrer,

The Extent from 13-54, to 30, being
turned two times the fame way from s
thall reach to 4 foot, 93 parts; which 4-93
multiplied by the length in feer, fhallgive
the whole Content of the Tree, J

3. To perform the fame, having the Dia*
meter given in Foot-meafurt:', e

Da tbm;

The Extent of the Compafies from 1-128;
(the feet and xoths Diameter that make 2
Foot, at one foot in length) to the Diameres
#n Foot-meafure, fhall reach, being turned
twice the ‘fame way from x, to the quanticy
in a Foot long. '

Example ar x Foot, .12 Diameter,

The Extent from 1-128, to 1-50, fhall
reach , being turned twice the fame way
from 1, t03-77, the wue quanticy in oné
.Foor long,

Problem 1,
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‘ Problem IIT.
1. The Diameter of any Cilleder givenin
Inches, and the length in Eeet, to find
the Contens in Feet.

As 13-4, to the Diameter in Inches 3
So isthe length inFeertoa 4th,
Then,
As the length, to the 4th;
So‘is the 4th, to the Content in Fect re-
quired.

Example at 8 Inches Diametery and
20 Foet long.

The Extent from 13-4, to 8, being
turned twice the fame way from 20, the
ltngth, fhall ftay at 6-94, or near 7 foot,

3. The Diameter and length of aCsllender

Di0en in Inchesy to find the Content in
Cﬂ!’:—fﬂf.‘bu,

. The Extent from y-x28, to the Diameter

in Inches, being turned twice the fame way

from the length in Inches, fhall reach to
the Content in Inches.

Thus the Extent from 1-528 to 30 inches

jameter, fhall reach from 24 inches, the

' length,




Iength, to 1888, the Concent in inches,

. The Diameter and Lex th given i
. Foot-mzafurey to find the Content
Feer, :

The'Extent from. x<x28,t0 the Diameters
{hall reach from the Jength; being twice re-
peated the fame way, to the Content in feet
required, '

.. Thus the Extent from 1-128, to 150,
fhall reach,being turned twice the famg ways |
from §-30, to 9-37, the Content 1n feet
requized, 3 gy,

Pféfnie_;;: 1v.
Having the Circumference of a Cillenider
given in Inches; or Foot-meafwre, 10

jind the length thas naakes ove Foor of
Solsd-meafurs,

. BaFarf to find the. Toches in lengtb, that
makes 4 Foot.

As the Circomference in Inches, is to
134-59, ( becaufe a¢ fo many inches: a-

bout, one of a Foot in length, is a Feot). o
is 12 toa 4th, and fo is that 4h to the
length of a Foot in inches.

Examplt
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Example &t 30 Inches abouts .

- The Extenc from’ 30 to 134-50, being
turned rwice the fame way from 12, fhall
reach to 24 inches, 13 parss; theinches and
parts that make one FoorSolid. -~

3. To find the legth of a Eoot in foat
and paris. ;

‘ “ Asihe Circumferenice = in Inches , 7t
' FPPYO} 10 WL h gy ] '
Sojs 1 to agth, and that 4th tothe
length in fcet and pares, that makes
' 1 Foot, o 6”3 1hil

. Forthe Extent of the Compafles fram 20
f0 x34-50, being turned twice from. x, the
fame,way, fhall reach o two foot, and one
tenth, the Jength that makes ong Foor Solid.

3o Whenthe Circumference & givenis.
Foor-meafure,

As the: Circumference'in Feet, or Feet
afid parts, iS't0 3-54 3 '8
So:1s that Extent twice repcated che fame

way from I, t0 the lengeh that makes
a Foot Solid, o
Example
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Example, .

The Estent from 2-50, to 3-54, being

furned two times the fame way from 1, doth

yeach*to 2 foot, 0oY, the length in Foot-
meafure, :

Problem V.
The Civcumference given in Inches, or
Foot-meafure,” to find bow much i jna
Foot long, \

1. The Civcumference of a Tree, whewont
Foot long makgs a Faot of Timber.

As 3 foor, 545 parts, to the feetabout
So'1s 1 foot to a 4th,” and thac 4th" to the
folid Content in one foot long.
Ezxample. ,

The Extent of the Compafles from 3-5 45,
to 2-5'0, the feet abiout, fhall reack, being
rurded ewice the fame Wiy from 1,t0 0-4p7,
the quantityin a foot long, viz.'near half 2
foot.. ‘

2. The Ciresmfereice giver in Paches; to

find the Content ‘of one Poot in length,
Solid-meafure, in Inches,

The Inches & Tres is abons, whenome x0th
ok Foot in length, makes a Foorof
L kimber in ghantity. :
As ¥34-5, tothe Inchesabout;
$0'is x2 to a 4th,and that 4th tothe Con-
tent of one foot long, Example

\
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Example at 30 inébes aboit.

Th Extent from 134-§5 to 304 being
turned two times from 12, fhall reach to
near 6 inches for the Content of one foot
long, 4t 30 inches about.

3. The Circumference of a Cillender gives
in Inchess to find the guantity of ons
Foot long in feet and snches,

As 134-¢, tothe Circumférence 5
Sois 1 to a 4th, and that 4th tothe

quanticty of one foot Jong in Feet and
Inches.

The Estent from  134-¢, to 30, being
twice repeated the lame way from 1, thall
reach to 0-497, or near half a foot, the
Content of one foot long, at that Circum-
ference , which being mulriplied by the

length in feer, gives thetrue Content of any
Cillender whatfoever,

Problem VI,
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Probles VL.
The Circumference, and length of any Cil*
0 deoer given sh Dickes, or Feet and In
» ks, 1o find the Content.

1. The Circamference given in Inches,and
the length in Fect, tofind the Content i#

feet and pares,

As 42-54 ( the Citcumference in Inches,
that makes 1 foot long, a Foot) isto
- the Inches inGircamference s
Sois thie length in'Feer toa 4th, and that
4th to the Content in Feet,
Ezxample.

The Extent from 42-54, to0 48 the inches
about, being twice' repeared from' 2 foor
the lengeh, fhalireach to 1§-28, the Con-
tent in fect required,

2. The Circumference and length giver
inFeety to find the Content in feer and
parts. ;

As 3-545, (becaufe at 3 foor and a half
about, and afoot in fength, is a Foot)

¢ isto the Circumference

So is the length in Feettoa 4.hy and thaf
4¢th to the Content in Foor-meafure.

E,rgmp!h




: ! Example. bas ool
The Extent from ' 3-5455 10:4-0,:the
Circumference, being turned two times from
| ‘22 foorthe length, fhall xéach to 35-28,
’ the Content in feet required. .

3. The C:'rmmf:rm#’c and length grven
\ s Inohesy to find the Convent an nches,

' As -3-545, to. the Circumference 1in
Inchess
So is the lengthin Inches to a4th:
Tbﬂ,
As the length to' that 4th [ s
So is the 4th, to the!Content: in Cube<
Inches, _ '
Example. ; .

The precife Extent onatrue Line of Num-
bers, from 3-§45, t048, being turned two
times from 144, the lengeh inInches, fhall
reachto 26383, the sumber of Tnches. in
aTree 48 inches about, and x441nchesin
length,

TI}JS_ is fufficient forthe Menfuration of
any folid body, in a {quare, -or Cillender-
like formy as Timber or Stonc ufually is,
after the true quantity of a foot, or 3728
Cubical inches 5 but there isa cuftomeuled
n buying of Qaken-Timber,and Elm-Tim-~
btr, when it 1s round and unfquared, ocake

a
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aline, and girt about the midft of ¢k |
Piece 5-and thenito double che Line 4 cimesy |
and account that 4ch part of the Circuin-
ference, tobe the fide of the Square, equal
to that Circle ; but this is well knowntobe |
lefs than the true meafure, by a fifth part of
the true Content, be it more or lefs,

Alfoin meafuring Elm, and Beecl, and |
‘Afh, whofe bark isnot peeled off, as Oak

“mfuallyisy to caftaway 1 inch out of the
4th part of the Circumference, which may
well be allowed when the Bark is 3 qhiar=
ters of an inch, or more in thicknefs, and
the Tree about 40 inches about, or the 4¢h
‘part, 30 inches 5 butif che Bark is thinvner;
and the Tree lefs, “then 8 inches-(quarc;
then artinch is too much to be allowed.

Affoy if the Tree is greater than a foor-
{quare, and the Bark thick, an inch is too
licele co be allowed, 2s by thisRule you may
plainly fec, by the 7¢h Problemof Supesfi-
cial-meafure in the 7t Chapter. ‘

Suppofe a Tree be 48 inches about, the
Diameter will be 155 5 the 4th of 438, for
the {quare is 12,

Now if Itake away ¥ inch % from the
Diameter, then the Tree will be bur 43
inches  and 2 about, * whofe 4th parc 1
under 11 5 {o that here I may very well 2
bate x inch from the 4th part of the Line‘;;
G So
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8o confequently, if thi Rind be thinner,and
the Tree I¢fs, a Iefs allowance will ferve 5 and
i the Rind be thicker, and the Tree large,
Here ought ro be more, as by curting the
ind away, and then taking the true diame-
f&, you may plainly fce.
_This meafuring by the 4thpare of the
Ircumference, for the fide of- the Square,
aud allowance for the Bark beingallowed
Ory asbefore, Ifay will prove to be juft one
§th part over-meafure.
. Elpecially confidering this, That when i
Yhewedjand large wanes left,then the Tree
B'marked for more méafure, fometimes by
10 foor in 60, than there was befors it wa:
lewed ; the realon is, becaufe when the
ree is round and unhewn, the girvng i,
ind counting the 4¢h pare for the fide of the
JQUare, is bur very litcle mort than the @m-
cribed Square 3 and then beirs hewen, and
thar fearce o an eight Square, and mealur-
Ing with a paiy of Callipers, to the extromity
Of that, doth niot then allow the Square ¢=
Qual to the Circle for the fide of the Sauares
% by the workihg by thole feveral Squaresy
Will very plainly appear, which being fore=
ld and warned of, " Tet thofe whom it con=
Crns Jook ro ir, ,
Bur this being premifed,. and the Partics
ABteeing, the difference being a5 410 §, che
R beik
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beft way to meafure round Timber, I cof®
ccive, is by the Diameter taken witha paif
of Callipers, and the lengthy which for the
juft and true weafure is largely handled al*
ready.

But if thisallowance be agreed on, then th
Prapartson for 5c i thes 3

As 1-§26, to the Diameter

So 15 thélength to a 4th, and fo is that
4th to the Concent in feer,

Example,

The Estent from 1-526 to x5-26, fhall
reach, being twice repeated from 10 foot,
the length, to 1o foor the Content requireds
being all at one Point. 2

Or, another Example.

The Extent from I-526, to 20 inches
the Diamcrer, being rwice repeated the
fame way from 10 foot, the lengeh, fhall
reachto 17 foot % the Content,

Or, if yon have the Circumference and length,

Then the Extent from 48, to the inches

about, being turned twice the fame way
from the Jength in feet, fhall reach to the
Content required.

The Extent from 48, to 62, the inches 2
bout, being turned twice from 10, the famé

ways




Way, fhall reach Eo Itgfb:{’)t 33 the Contene
1 that meafure.
Thus youhave full and compleat Di-
Yeftions. for the meafuring of any found
Imber by the Line of Numbers; by ha-
Ving the Diameter and length given, after
ny ufiual ‘manner, there remains only
e gencral and nacural way, by find-
N3 the bafe of the middle, or one cnd, by
e yuh Problem of Superficial mealure 3
and then to multiply that bafe by the length,
Wil sive the rrue Content in feet or inches..
Thus,
Having found the Bafe of the Cillender
by the 7thor roth Problem of ‘Superficial:
mt‘afure.;, then if you muldiply that Bafe be-
g found 'in fquare ‘inches, “by  the lengsh
"M inches, you thall have the whole Cantenc
12 Cube Inches,
Example, :
. Suppofe 4 Cilletider have 16 inches for
0 Diameger, chen by the 7th ot 1oth above=
fald, you fhall find the Bafe robe 78-543
then if you muleiply 78-54 by 8o, the fup=
pofed fength in'inches | * vou (halt Snd
¥356-20 Cube Inche, which divided by
1728 the inches in a Cube Foor, fhewet
W many feet there 1s, &~ Abd asto the
Mmber. of fisuzes, and the fractions cutting
1, you have ample Directions in the firf#
: X 2 Problem;
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Problensy and the third Seffian of the fif
Chapter.

Problem VII. _
How tomeafure a Pyramts, ar taper T
bery-or-she Seltion of a Cones ‘

1. Firft,. get the Perpendiculer length |
the Pyramis or Cone, thuis

Multiply half the Diameter of the B4
AL, byt felf 3 then meafure the fide A D{
‘aid muldply that by ir felf 5 then rake®”
Ieffer Squarc out of the greater, and®]
Sqguare rootof the refidue ische Pcrpcml
“culer Alritude required, ziz., D B.
Example,
Suppole. the half Diameter ‘of the B#
A C, werc10-25, andthe fide DA x0”
AB 10-25, and 10-25 mulciplied togeth®’
called Squaring, makes ¥05,0625 3 D
. %00, ‘multiplied by 100, called Squarisf
makes 10coo 3 then the Ieffer Square 395!
0625, taken out of 10000, the great
Squarc, the remainder is 9894, 9375
whofe {quaré Root found by the 8¢b P ’rc;
blem of the fixt Chapter, is 99-47%, ‘1;
true length of the Line DB, the length ®
height of the Cone. !
Then if you multiply the Area or C"’: :
tent of che Bale A C 20-5, which by ¥,
£




! 2

7th or Yotk of Supe—rﬁc;i'al meafure is found
©be 160.08, by 33-158,a third part of
99-47¢, the whole height makes. 5308,
Clitting off the Fractions for the true Con-
tent of the Cone, whefe length is'99 inches,
0d near g half, and whofe:Baleis 20 inches
Md 3 half Diameter,

2, Then Secondly, for the Segment or
Settion of @ Cone, the. [bape or form of
all round taper Timber; the trusst way
is thus 5 -

By the length and difference of Diaine-
ters,” find the whole length of the Cone,
Which for all manner of Timber asit grows
this way is near enough.

As thus;
As the difference of the Diameters at the
thie two ends, is to the length between
t}_‘f two ends ; [
So 1s the Diameter at the Bafe, to the
wholelength of the Cong,
Example. -

The difference beeween the Diamcters
A C, and EF, is 13-70, thelength, A B
1§ 66-32. then the Estent on the Line of

Umbers from 1 3-7 O, thedifference of the

lameters 5 to 66-325 the leagth berween,
8l reach the fame way from 20-50, the
N g grearcr

(]
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greatcr Diameter to 99 and betterythe fengt®
that makesup the Cone,: ¢ that Angle @,
Tapering in the Timber ; then if by the
laft Rule you meafure it asa Cone of chat
length, and alfo meafure the litcle end 4
poinc at his lexigth and diameter 5 and chet
laftly, this Little Cone takenout of the gret*
Cone, there remains the true Content of {hc
Taper=picee that was. to be meafured, v
§246-71, when 61-305 the Content of Eifl
{mall Cone at the end,is taken out of § 30% |
the Content of the whole Pyramid.

30 If this way feem too troublefomse for! bt
comsimon ufe, then ufe this, being it
brief:

To the Content that is found out, by thé
Diameter in the midft of the Timbet, and
the ltenth, add the Content of a Pie®
found out, by half the difference of Diam®
ters, and oncthird part of the length of ché
whole Piece, and the fum of themtwo ﬂ“‘ll
be the whole.Content required,

4. Or elfe;

Divide the length of the Tree nto 4 0F §
parts, ‘andmeafure the middle of cach paf* |
feverally, and that caft up by his prol’c;
lengeh , ‘fhall give the Content of cadl
Picce ; then the fum of the Contents ot

all the Pieges put rogether; is the true COBE |
b ' et
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®ent of the whole Taper Piece, very neat.
Nate, That this curiofity fhall never néed
t0be ufed, but when you meet with Timber
Much Taper, and Dic-fuare, or ona Con-
“ftor Wager: for according to the ufual
Yy (and meafure) of fquaring the Timber,
T well, if the meafure of the Square, ta-
Q‘n “"i[h Ca“ipcrs from ﬁl’ie o Fldﬁ, in the
Widdle of the length of the Picce, will make
mends for half the Timber which is wan-
tng in the wany edges of your {quared
'mber,and the knots, or fiwellings, & hola
bows of moft round Timber, may well bal-
Ace this over-meafure found by the Dia-
Meter taken in the middle of the length of
e Piece,  Bur indeed for Mafts of Ships
angd Yards, being wronght true and fmooth,
Where the price'of a Foot is confiderable,
Nere exadtnefs is requifite, and neceflary to
Yufed 5 and thus much for Solid-mealure
"0 Squares and Cillenders.

Problem VIIL
Ty m:::f ure G!aéc:, and ram:dfﬂa F 5,:{””&

. X. To meafure a Spheat or Globe by A=~
Tthmetick, theancient way, is to multiply
¢ Diameter by it felf, and then chatPro-

USt, to multiply by ‘the Diameter again g
Which two mul]tiplic'arions iscalled Cubing *

R 4 of
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of the Diameter ; ﬂﬁzu multiply this Cube
by 11, and then divide this laft Produét by
21, and the Quotient fhall be the Solid Cor”
tent of the Sphear, in fuch meafure as
Piamcter was,
Example.

Let a Sphear be to be meafured, whof¢
Diameter is 1o inches ;  Firft, 10 times 19
is 1005 and 1o times 100, is 1000 3 the
Cubeof ro, thar multiolied by 11, make
11000 3 which being divided by 2.1,;makes l]
523-81; for the Solid Content,

Which by the Line of Numbers, you may

work thus

2. The Estent from 1, to theDiametels
fhall reach che fame way from the Diametes
to the Square of the Diameter,

" Then again,

The Extent from 1, to the Square of the
Diameter, fhall reach the fame way fro®
the Diameter, to the Cube of the Diamete™
;ST Then,

‘ The Extent from 1, to the Cube of th°

Diameter, fhall reach the fame way fro®
11, tothe Produé of the Cube of the D1
meter, muleiplied by z1. ;
‘! Laftly, This Extent from23%; @ this Ia!
Product, fhall reach the fame way trom ¥
to the Solid Content of the Sphear xcqun‘?}r'
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Or elfe more briefly thus 3
3. TheExtent from 1, to theDiameter,
cing turfied three times the fame way from

O-5238, fhall ftay at the Solid Content of
the Sphear,-or Globe,required.

Example at 12 Diameter,

~ The Extent from 1 to 12, being turned
three times the fame way from o-5238,fhall

reach (o 90§-143, the Selid Content re-
Guired.

3. The Diameter gven, to find the ¢
Superficial Content,

Square the Diameter, and multiply thae
by 3-1416, and the Product is the Superfi-
cial Conzent. _

" Or, by the Lixe of Numbers 3
_ The Extent from 1, to the Diameter, be-
mg turned twice the fame way from
3-1416, fhall yeach to the Syperficial Con-
tent, of the our-fide round about the Gobe,
Viz, at 12 Diametcr’ 452_44_

4. Having the Superficial Contest, 16
nd the Diameter,

The Extent from 1 to 0-3183, fhall reach
the fame way from the Superficial Content,
% the Squarc of the Puameter, whofe
= Squargs
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Square-root is the Diameter required. As
ar452-444 Sives 144,

5. Having vhe Solid Content, to find
_ the Diamter of a Globe,

The Extent from: 1. to 1-90986, fhall
reach from the Solid Contenr to the Cube of
the Diameter, asat 90g§-14.3 Solidity gives
¥728;the Cubeof 12,

6. Having & Segmient of a Sphear, to

find the Superficial Content,

The Extent from 1, to the Chord of the
half Segment, fhall reach, being twice re-
peated, from 3-r416, to the Superficial
Coneent of ‘the round part of che Segment,
ABC,

Example,

Let the Segmenc be che  half Sphear,
ABE; ACbeing 12, then BC which
is the Chord of the Periphéria, B C is
8-48y, whofesquare is 72.

: Then,

The Extent -of the Compalles from 1, to0
8-435, being turned twice the fame way
from 3-14%16, fhall feach to 226-22, the
Superficial Content of the round part of the
Sesmient, or balf Sphear or Globe, to which
¥ you add the Content of - che Circle or
Bald, you have the whole Superficies round
about, 7. 10
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7. To find the Solid Content of a Sega
ment of a Globe.
Fuft, you muft find the Diameter of thae
Sphear, of which the given Segment to be
meafured 15 part.

Thss 5

Add theSquare of the Alitude, and the
Square of the Diameter of the Segment co-
gether, and the fum divide by the Alcitude
of the Segment, the Quotient fhall be the
whole Sphears Diameter,

Then,

Taking the Alutnde of the Segment gi-
ven, fram the whole Diameter, there re-
mains the Alcicude of the other Segment.

Then,

Extend the Compafles from the whole
Diameter of the Sphear, to 1 3 the fame Ex-
tent applied the fame way from the Alticude
of the given Segment, fhall reach toa 4th
‘Number, ona Line of Artificial Solid Seg-
ments joyned to the Line of Numbers,
which 4th Number keep,

Then,

The Extent from 1, to the whole Content
of the Sphear, fhall reach the fame way from
the 4th Number on the Lineof Numbers,
to the Solid Content of the Segment required,

‘ Exampls.
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Example.

Let the whole Diameter of a Sphear be
14, then the whole Solid Content by the
former Rules, you will find to be 1437 1,
a Segment of that Sphear whole Altitudecs
Deprhis 4, the Sohdity is required.

Extend the Compafles from 14,the wholg
Sphears Diameter,to 13 that Extent applicd
the fame way from 4, the Altitude of the
Segment, fhall reach to 2-86 on the Num-
bers, or to 19-88, on the Line of Solid Seg-
ments joyn’d to theLine of Numbers,which
39-88, is the 4th Number to be kepr.

_ Then fecondly,

The Extent from 1 t0' 1437, the whole
Content of the whole ‘Sphear,. thall reach
the fame way from 19-88, to 2847, the
Content of the Segment  required to be
found.

If you want the Line of Segments, the
Table annexed will fupply chat defect -

b

Look for the 4¢h Number, found on the
Line of Numbers, among the figures on the
Table, and the number anfwering 1 inthe
grﬁ'Colﬁmn, is the Solid Scament, or 4¢th o

e kepe ;. as here, on the Numbers, you find
2-86 ;3 feck 2.86 in the Table annexcdé
: and
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and in the firff Colwmr, you find near 20 fd-
the 4th in Segments,

8. Toperformthe [ame by eArsthmetick
after the way [et forth by Mr, Thomas
Diggs, 1 574«

To find the Superficial Content of i Globe |
or Sphear.

Mulcmlv the Diameter by :hc Circume-
ference, the Produf¥ {hall be the bupnﬂ-
cial Content rounid abour the Globe.

O Or,

Multiply the Content of a Circle, having
like Diagiicrer, by 43 the Product fhall be
theSuperficial Content,

10. And
I you mulnph the |Superficial Contcnt,

by a 6th part of the Diamerer, the Product
fhall be chie Solid Content of the Spl};ar.
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A Table of Segments.

Nim.Seg INHm-ngm.]Nnm..S‘vgm.[Num Segm:

0§59 335 §O6 679
084 342 ) §13 686
X04| 349- §20 694
&5y 356 §27 703

§ 137| 30 3631 55 534| 8o 712
152 37t 540 =9
14 3781 ‘547 728
176] 385 554 737
138 392 §6a 746

to X97| 35 3999 99 5674 85 . 753
207| 406 | 574} 10 763
218 413} 580 772
228/ 420 587 - 782
‘237|426 594 793
1§ 245) 40 433 ] 65 6ot ] 9o’ 803
© 254 440 608 S 5 &)
263 447 615 825
272 453 622 836

-~ ~280 460 629 848
2Q 288 45 466 | 70 637 of 86¢
P a297| - 473| . 644 878
306 4380 651 806
314 487 658] 916q
321 494 GGy | 94.1

25 328 | 50 soo| 75 672|100 1000
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15, Forthe Segment warkthw;
Multiply the whole Superficial Content
of the whole Globe, by the Altitude of the
*Bment, and divide the Produgt by the
Phears whole Diameter; the Quotieng fhall
€ the Sy perficial Contertt of the Convexizy
°F round part of the Segment.

12, But for the Solid Content, wark thay 3

Eirt, find the difference berween the
h‘3j§;ht of the Segment, and the half Diame=
ter of the Sphear 5 then multiply this dif.
ence. (- being found’ by fubftrating the

s from the great ar) by the €uperficial Con-
St of the Bale of the Segment, and’ the
fodud fubftradt from:the Produdt of the

{ Sphears femi-Diameter; and the Convex Sy-
Crficies of the Segmenty then a third pare

%t the remainder thall be the Solid Conrent

the Segment required,

Example as before.
The Sphears Diamerer is 14, the Segments
| pUtudeis 4, the Segments Alticude taken
om 7. the half Diameter;  the remzinder is
> Which mulciplied by 126, the Superficial
Ptent of the Bale of the Segment, makes
29 5 then having multiplied 7, the Sphears
| Yt Diamccer, by the Convex Superficies of
the
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the Segment 176, the Product 18 12325
from‘which number take 378, the Product
Taft found, and the remainder is 854, whof¢
third part 284 3 , ‘isthe Solidiry of the Seg-
ment required.

There areother fragments of Sphears, 25
Muitiformed and Irregular, Cones'or Pyra-
mids, and Solid Angles ; - but the Menfura-
tion of thefe I (hall yot trouble my felf; nor
the Leéarner with, for' whom I only write,
intending the Menfuration of things that
may come in ufe only.

% 3. But yebto coniclude this Chapter, take

... thefe Obfervations along with you, con-

cerning the Propertson of a:Cabey 4

1. Prifmas and' a Pyramd, a Cillender,

-2 Spheary and Cone 3 whofe Shapes ank
-+ -Propertions are assn ke Figures,

1 a-Cube be made or-conceived, whofe
fide is 12 inches, thehotlie tohidity thereof
i8 1728 Cube inches ; and a Prifma, having
the fame Bafe aud Altictide, conrains 8§64
Cube nches; and a fquare Pyramis, of the
{ame Bafe and Alritude, contains §76 Cube
inches’; anda Trianguler Pyramid, as be*
forey ¢ontains 249-6 Cube inches; A Cil-
Iender contains x357%, being the fame
Height and Diameter of x2 inches : A
Sphear ;, whofe Asxis is 12 1nches, con”

fains




; L2321 _ g
tains 965 * Cube inches; 2nd a- Code, of
the fame Diameter and Alticude, cdhtains
Sy

The Supeificies of the Cillender about,
\Excepring the rop and bottom ) is equal o
the Snpr:r'ﬁciul Content of a Globe,

Cube —— 1728
Cillender 1357 %
Sphear ~ 905
Prifma — 864
Piramis — §76
Cone — 452%
A Tetrahied, — 2496
Qctahed, — :

whofe Triangle > 814-6
Sideisiz —

¢ By the foregoing Proportions, itis evi.
dent thar 3 Cybe is double the Prifma, and
treble to ithe Square Pyramis of equal Bafe
and Altitude, ‘op g5 3,2, T3 for 3 times
§76 15 1728, and 2 times 864 is 1728,
Allo a Cillender is It of 2 Cube; and a
Wik 1l D
. me gnal; and
A Cone is * of 1 Cillenders 18" that ¢hi
pmportion between the Cone, Sphear, and
Wender, is as r,2,83; for 3 times
4525, makes 13577 3 and two thirds
of
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of 452 % makes gog 25 the Centent of #
Sphear, The Trianguler Pyramid is Licee
more than £ of aCube 3 fo that if any of®
bave frequent occafions for thele proporti
ons, let Centers.be put in the Line of Num
bers, at thele proportional Numbers, an
then wotk with thofe Points from the Cub®
and Cillender, as is direéted before, for the
Circumference, and Diameter, and Squaress
equaland inferibed in Chap, 8. Prob, 6.

So much for the meafuring of regulaf
ordinary Solids 3 for the exeraordinary and |
irregular, the beft Mechanick way 1s by |
Weights or Waters to meafure their Crafl
tudes or Soliditics, either by Weight of
Mealure.

4 fire
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e ——

A farther improvemént of the Tri:

anguler Quadrant, 45  bave made

e feveral times; with a fliding Co-

wer on the in-fide, when made bol-

lows to carry Ink, Pens, and Com-~

paffes s then onthe fliding (over;

and Edges, # put the Line of Num-

bers, according to Mr.White's firfp
Contrivance for manner of Opera-

twns but much augmented, and

made eafie; by John Brown,

L He deferiprion theteof for ome fides
being the [ame with the Line of
Numbers on the outter-Edge, except that the
feft part is fometimes ( when required for
thac particalar purpofe ) - divided into 12
Parts, for inchesyinftead of 3o thar is to
lay; “The [pace berween the fitft 1, and the
Middle x, onthe Rules ( the face I fay )
“SCiveen every Figlre, on the firft half part,
S cut into 12 parts, inftead of xo; ro an*
Wer to the 12 inches inaFoot; and the o<
Uier half} as che Line of Numberson the
g2, And in'the (ame manmey are Whité’s
ot 0 flidieg
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{liding Rulesmade, only for this particulat
ml.pofe.

2. Onthe other fide, is the Line of Num*
bers drawmgonblg,. theetie Line to the 0+
ther, for the. 1cad} meafuring of foli
Meaflire at, one Operations the deLIH"'l“ﬂ
whereof n\ Brief 1§ chiis";

Firfty Thedivifions on ‘the (liding-piect
uvhollowsRules] | or'on the sight=fide 1
fliding-Rules;: when thedigures of the Tim”
ber-fide ftand fit to read, "I call the right
fide, or fingle-fide, bcmo= alwayes toward
che risht Bdrd ; and aﬁnr*lﬂ Radius.

The dwﬂ*c‘ne th'"rcforc on''the” fized=edg?
dfithe Ruleguifb eeds be the lefe-fide, and
15 allo divided to'a dowble Radius;ior onf
Radius twice repeated,

Soalfo it fliding<Rules, the doubleRa*

dius is on the lefe-fidealioss See-the Figurt |

thereaf . with,right and lefi-fide expreft upot
: Far thezight'veading thofe Lines, the
M:tbad # thams s

Th\, Flﬂui es on the right oy fm_)le—f'dfc
do ufually bc.c;m ac; 3 or 4, and fo procee
with 4 556> 75 8595 10,11, for {o many
uaches of a Foot,

Then 15253445 55635758,9510, 1 1,712,532
13, &¢. fordomany whole Feet,

1472
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The' fmaller ‘Gurs becwéen. hie- firfb Fi-
Bures, from ginches to: 1 foots belng guars
YS.0f inches i And che finall Divifions bgs
“Ween the Fignres, thatreprefeatFeeryace
Ol every whokeTnch; < The halfs, and
Qarters of Pect, dllp noted by @clonzer
Rokesas i fuchawbeks tecellatyand ufuals
3 On thefame. rsght:d# allo; formore
®le and yeadinels in the ufe, aredstedies
Ver3l Gagespbints) (asic were)s iy
'FE,-/;,.‘ Arrx Footasthe wbrd:/guare.
" Sevondly; AvxFoor,xinch and L, is a
fPﬁt—; fand clofe to it is fer rd ofortrue Diaw
lhfter of a I'.Ollﬂd {ﬂlld Cl“’;ﬂdcl'{ Wreg
. Fhivdly, «Av 1 foor 3 inchest 13 agl_p.che;
7_0l‘-‘5-‘and.nénr it isifer Dy for che: Diames
"rofa roueh precef Tirpbety accovding tQ
thfﬁ Bfal- atlowance: for! unheseed Timber,
fccorditig torthe fourch paredof ! a-Line gire
akﬁmtftm:d cotinred forshe fide of thefquarey

Fouribly, At 3 Hoot'6unehes and  and
Near €0 3t 15 fgr c:v: for the crue Circums
*erence of a round Gilletider.

Fifulyy - Arag fooc, jult aselet R, forthe
Ioumieranee) accordipg, o the former al-
OWwairce; VU ARRER A3 i 01 .

S;,r;,{” At 1 foot S'inches.‘;‘f@r_i:,_.‘ 15 a
poty and clofe to it the letcer W, =as the
Magesnning for-a  Wahe-gallobsosd oili 32
Gl S gl shieventhly,
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Seventhlyy At near 19inches, or 1 oo
# inches, is another fpot; ‘and clofe o5
the letter a, as the Gage-poins.of an Alet
gallon. ;

Eighely, At 2 foot 8 inches 7, isa (o0
and clofe toic is fer: B, for.the Gagc—Pqiurﬂ
a Beer Barrel 3 and at 2 foor 7inches is ¥
A, foramAle Barrel:  Thedtfes whereof V'
order follow. ‘ 1

The. Figurcs ron the ‘left-fides ox fixeds ,
edges, are read and counted as thofe ot :
right :* For the fmally 1,253:4556,75 859"
X0, X 1y are.to reprefent inches,  and the culs |
between, quatters of inchess - Then the1,% |
3,455+657,8;930 Figures nexr, fomewhat
bigger,'asto reprefent fo many feer; rand: eht
cuts between, ave wholeinches 2. Then 20
30,40, 0,60570,80500, 509,15 05 for tei¥ |
of feer, and the: parts:between, for fingle:
feet, for the moft part ;! orelfe wholg an

half feerjasis'ulual, -« Thekies follows

Ufe 1. .o -

‘A piece of Tember besng wot Square, (a
baving its breadth and depib uneghal ]|

to. make i1, Square, or find the Squatt

- egualy : :

Set the breadch of thePiece, counted 0F
the right-fide, ro the fame breadch ccmn!ffrl
s ke e Siag i
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O the lefe-fide 5 then right againft thedepth
und on the lefe-fide,on the right or fingle-

‘d_cx is the inches and quarters fquare re-
Quired, '

E-t'amplt, at x5 swches broad, and 9 inches

thick, or deep.

Set ¢ inches on the right—ﬁde, to o on'the
lef‘ti then right againft 1§ inches, or'x foor
3 Inches, found out on the ‘double or Iefi-
'de, on the right or fingle-fide, is 1 % inches
and £ the Square equal required.

Alfo, if you fet 15 to 14, then righta-
Sainft o, found out on the left-fide, onthe
Uight-fide is xx inches )’ the Square equal
¥quired,

' Ufe 1L

The Side of the Square giventofind bov

mych iulength will make 1. Foot.

Set the inches (or feet & inches) found one
onthe righe-fide, to 1 foot on che left ; then

Mghtagainft x foot onthe'right, isthe in-

ches, or the feecand inches required,to make
2 Foot of Timber,

Example at 9 inches [quare,

Set 9 inches, found out on the right-fide,

' x foor on the left-fide 3 therrishe againt

¥, onthe riohefide, 15 1 foot 9 inches % on
telefn -

S

4. i
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If the'Square be fo big, thatthe 1 on the
vighe fallsbeyond the Endat the beginnings
then.xight againft 10 foor on theright-Gidés
is‘an the letr, the hundredch parcof a foots
that makes a Foot of Timber.

Examples at 4 Foot Square.

Set 4 foot; fomid out on the fighty - to ¥
foot on.the left 3 ehen right againit xo foaf
onithe xight-fide,s18; 0-06 3 on che lefe-fide;
or againft x2 foot you have 9,; x2 parts of
x 1nch, the length that goes to make ¥ foot ok
Timber required,

eIl o3 ¢ .
At any (bignefar) Inches, or feet and
inches [quarey'to ffind how much is in

3 Faot long, .

Juft as the Rule ftands even, that is *
foor on theright, againft x foat on the lefts
{eck the inches, or feetand inches,/ the Piect
is. fquare on.che tight or fingle-fide 5 and
jult againft i on the lefr, or double-fide 1
the Anfwer required ; in. inches, or fect
and inches,

Example at 19 inches [quare,
. Juft againdt 1 foot 7 inches,cr 19.anchess
{which is all.one) found out on thg rights
1 .y - hde,
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ﬁd‘i‘a on the lefi-fide is:2 foot 6 inches, the
quantity of Timber in x foot long, at 1%
mf_]lcs {quare ; which Number ‘of. «3 %ot
G‘md‘lcs, multiplied by thelength in Feét;>
Sives the true Content of the wholePicee: -
of Timber fequired. :

Notey, That this is 2 moexcellent way
Orgreat Wood, and very exact,

Alfo Note, Thathere, by infpection, you
May fguare a fmall Number, or find the
Yuare-rootof a fmall Number,

As thus $

The fquareof 8 & £ , ‘isncar 723 o>

Or,

The fquare-root'of 73, isncar 8§ &

Ufe IV, !
The fide of the Square,-and the length of
any Piece being given, to find the Con
tent in feet and parts.

Setthe word [guare, or 1 foot,alwayesto
the length, found out on the lefi-fide chen
righcagain@ the inches, or feet and inghes
Iquare counted'on the rishr, on the lcft is thg
Content required.

Example, 4t 20 foot long, and 35
inches [quare, :

See x foot pn the right, to 20 on the Icfe,
then right againft x foot 3 inches on the

' e right,
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“right, is 31 foot 2 inches and 1, the Con-
tent.

Note; That if the Piece be very finally
call the feet on the lefi-ide, inches; and
the parts becween x2 of inchesy then the
Anfwer will be found on the lefe-fide 12
144 of a Foot.

Example, at 2 inches [quare, and 30 foo
long, bow much 1 there

Set 1 foot ontheright, to 30 foot on the
Teit ; then right againft 2 foot on the right,
counted as 2 inches, 1s 120 parts- of afoot
divided into 144 parts, being juft 10 in-
chesy for 10 times 12 is 120,

Bat if it be a great Piece of Timber,

‘ thenmaork thus

See 1 foot, or the word [gware, tothe
Tenpth onthe lefr, couuting the fingle fect
10°* of feet 5 then right againft the feet and
inches fquare “ase the xoc of feer re-

quired.

Example, at 40 foot long, and 4 foo
[quare.

-

Set 1 foot to 4 foot, counted as 40, o
the left; then right againft ‘4 foot on the
right, is 640, the true Content, increafing
the 16* to 160% - Thus mnch for fquarc
Timber.

2 Though
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Though there be many other wayes and
Mmanner of workings, {ome whereof you
May find in a Book fet forth underthe name
Of The Carpenters Rule, 1666, by F.Brown,
aad well known abroad already, . - ...

Life V. For Rosud Trmber,
The middle Diameter-of any Piece gn'wa,
20 find bow much 1 in a Foatlong,' at
truemealnre, :

Set the {pot by:ted.. to x foot on, the left,
then juft againft the inches, or feet and in-
ches Diameter, found on che right, isthe
quantity: of Timber in x foot long onthe
lef-fid¢ requited. = e

Example, at 2 foot 9 1nches Diapseter.

" “Suppofe a piece of Stone-Pillax; ‘or Gar-
den-Roul, be two foot o inches' Diameter,
fetthe fpor by wdh ‘jult againft 1 foor; then
I}Eﬁ,b.f againft 2 foot ‘9 inches, found onthe
rizht, “enthe left is 6 foot, the quantity of
folid meafure inone foot long 5 which be-
tng multiplied by the length in feer, gives
tlie true Content of ‘thexvhole Piece.

Note, Thatif you would have the ufual
allowanegy fot D 10 5, inftead of rdk

Uk VI,
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0y RA 8 113% 4 15 :
’Tbt Diawiéter of any Piece of 'Trmﬁer -
AP, o find g macb i lmgt!: wn’l
make ong Faop, 52100 1

Set x oot dnithe Tefiyto.the inches Dia-
mickés counted on thexights thenaighe a-
gaindt 6. for true mealure 3 o8 D for the
ufual allowance, is the Anfwerseguired ,
found on the lefe-fide.

Examplé;' at 9 s'rirf:'u Diam:?er

Set 1 on the left 1,0 on the right s . ' then
julk _againf t.d. 15 2 foot 3.2 on the [eft 5
and’ rngl‘lt againft D, i1s 2 foor X1 inches onl
the lzft, l:h(. length rmuucl to make a foot
folid: actrue meafure, "ou the uluabalfow-
ance, when the 4;1},palt of-the girr. abpur,
is countedithe fide,ot the Square; ¢qmal.
the round picce of Tlmhaz die oY arkia

Notey T hat for.great imber,- you mui’c
fertheleft x foor, tothe feer _‘jlllJ‘lxia.hC;g_.Ql%‘_‘
meref-4s befores | but count the t,d, or, D3
as far beyond 12 foort,.as it 35 placed beyand
12 inchesy; and. you. fhall bayg the Anfwez
in 1447 of a foot,

Exampley at'§ foor Dmmaten

If you fer 1 on theleft to § foor on the

tight; and count fo much beyond x2 foot
ol
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Ontherighe, as t.d. is beyond 12 inches,
Youfball find:# 1, hat 5,7 144° aiida
Quarter, to make 1 foot true meafure, and
95125 and £ forthe ulual allowance. . -

But for {mall Timbery,jfet x foot, 2 foor;

¥¢. an thcrwh;, counred as &; 2, 3y4,and
”‘Clles to 1 onthe left 5 then righe acramff'
td,, orD IsaNumb-"r, that ‘multi lu:d by
12,5 rh Number of feet requnth

Example, at 2.inches Diameter, bow
much makes & Foat 2
Set 2 footon therighe, counted 25 x mch
0 1 onthe left 5 then i ight againit t.d. is
3 foot 10 mches, calling the TAches feet,
and the feet 105 of Feet 5 ~which 3 foot 10
inclies, multplied; by - 12, make. 46 foot,
for I:he length of 1 foot of Timber.at-2 in-
ches Dmmcter, the 'thing required for truc
meafure,

ufc VI,

The Diameter and Length givens to f nid
rbr Contept.

Set tids orD Fortrue meafure,: or ufual
allowance, alwayes ro che lcncrth counted
on theleft ; then right againft the inches

iameter cou.nted on the right, on the Ieft-
fide-js the Conent requm.d. :
e Example,
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b Example, at 6 inthes Diameter, gne
30 Foor long.

Set t:d; to 30 5 then right agairift 6 in-
chies; counted on the right; on the lefr is
§ foor 11 inches, the Content required,

Nate, If the Piece be' fmall] chen egimt

. every foor an the right as irichies, and you

have the Anfwer in 144s of a foory whidl
is eafily counted by having 1 fec at 12,
2 at24, 34t 36, 4 ar 48, gardo &c¢, 1o
12 at 144, which little fmall figures are
counted as inches of 12sof a foot.

Example; at 2 incbn Diameter,
and 20 foot long,

You fhall find 645 144s 5 thatis, § in
% true meafure.

But for great Pieces; fetit.d. or D; tothe
length, counting 1 foot, or the left fcr 10
foot, thenhave you the Anfwer in 100s of
feet. RET

Example, at § foot Diameter, and
30 fanr long.

Ser t.d: to 3 inches, counting 30 foot for
the length 3 then right 'wam{’c 5 foot on the
right, on theleft is 592 foor, the Coriteat
required:

e VIL




{273]

Ufe VIII.

Te meafure vound Timber, by baving thé
Girt, or Circumference about,and length
giam.

. This being the fame in operation with
tllg Diameter, I fhall pafs it over more
Tiefly s which way of wording, may ferve
Or the Square and Diameter alfo 5 only I

labOu.r to be plain and bricf.

The Civcnmference given, to find bow
much in a Foot long.

Set t.r, ot R, for trueround, or allow-
Nce to x foot onthe lefi 3 then againft the
Ynches abour, on the left is the Anfwerse-
Quired,

Example.

At 2 foot about, you will find 3 inches
and 22 in a foot long true meafure ; or juft
3 inches at che ufual allowance,

The Circumference given, to find how
much makgesa Foote
Set thenches, or feet and inches about,
© 1 fooron the left 5 fois tr, orR, tothe
tngth to make a foor,

Exampls
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_ Example; ;zt, 18 inches about ;
““'Asfingle 18, to double 1 3
8o t.r.to 5 foot, 7inchest  Or,

Sois R, to 7 foot 2 inches, for the ufial
aﬂowance.

TheCircumference and lengthy to: find

the Content.

As tr, or R, to the length:
So s the fcr.t and inches about, to the
Content;

Example, at 3 foor about, and 30 foot
longy true meafure,

Astx.t0 305 fo 15 3 foot, to2x foor §
1nches, the Content,

For grear things, call 1 foot on the left, 30
foot as before,

For fmall things, call 1 foot on'the right;
b § mch as bs_kme

Ule TX,

To Gage [mall Cask_by the mean Dias
meter and Length,

Set the fpot by W, for Wine-gallons, al-
wayes to the lengch o the Vclkl given i
inkhgsy counted on the lefe-fide 3 : thcn right
againft the inches, or feer and inches Dia

mELery
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metet, counted on the right3 on the left 1§
}, the Content in Gallons required.

i F Xample, at 24 inches, or 2 foot man
‘ Diameter, and 30 snches long.

~ As the fpot ac W, to 30 inches counred at
30 foort §
So is 24 inches, or 2 foot, to §8 Gallons
$ quarters, che Content required,
For greater Veflels, count the feet on the

| ek for 10! of inches in the length, and you
ve your defire.

Example, ar 65 inches longs avd 38
inches mean ‘Diamigter.
As W, to 6 foot on the left for 6o inches;
So is 3 foot 2inches, or 38 inches to
295 Gallons, the Anfwer required.
‘ If you would have it in Ale-gallons, ufg
the mark at .

Ufe X.
To gage Grear Brewers Veffels, round
Tans,
The Dl'dmtu_ff?’ and length I:afmgg;'wn in
feet and ynchesy to {ind the Contens
i Beer-Barrels, at one O=
peration.
Set the fpot at BB, to the depth of the
T Tun
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Tun, counted oE: the left, in feet 3“‘?
inches; then right againft the mean Diat
tet, found out on the right, on the left ¥
the Content in Barrels required, l

Example, a Tun 4 foot deep, and 10 fook
mean Diameter.

As thefpor at BB, to 4 foot s ,
So is 10 to §3 Barrels, and 2 third part™|

J
If youwould have the Contenc in Al
Barrels, ufe the mark ac AB,

Thus much for the Timber-fide, the ofé
of the other,or board-fide, is the fame wit |
that by the Compaffes before treated of, an |
theretore needs here no repetition, unlefs # |
te the bare manner of working with it,

The {liding-Rule is only two Rules, o
Pieces fitted together, with a fhort Grov¥

v and Tenon, and two Braces at each end, @

keepit from falling affunder 3 and evenl?
alfo is the {liding-Cover, and two edges
the infide of che Trianguler Quadrans 5 3 |
the Numbers graduaced thercon, are cut A
crofs the middle Joynt, having the fame Lh
vifions onboth fides ; that isto fay, on &
Rule, or onthe Cover and Edge of the i
fide of the Rule, :

_The reading-and defeription is the fa
Wwich that in' Chap, L. Page 12,13,!4;??

: 563
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365 and the general Method in ufe i
tbm : gz -~
That fideor part of the Rule, on which

Fou count the firft term in the Queftion, is

<alled alwayes the firfi-fide then the other

uft needs be the fecond,

Then for e Multsplication, thus ;

fAs 1, on the firlt-fide, to the Multiplies
on the {econd, or ocher-fide

Sosthe Multiplicand, on' the firfl-fide,
where 1 wis, to the Produét on the
fecond, -

For Divifiony alwayes thws 3

As the Divilor found on any one fide, is
to 1 on the fecond, or other-fide;
So is the Dividénd on the fame firft-fide,

to the Quotient on the fecand.

5 C T the Rale of Thret.
Asthe firfl cerm on the firft-fide, tothe
fecond on the other 3
* Seis the third term found on the firfl<
fide, to the 4th term on the fecond-fides

A Eor
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For Superficial Meafure, by Inches
and Feet,
As 12, to the breadth in inches on the €
| cond 3 .
, So is the Iength in feet, to the Content of
the fecond.

~ For any thing elfe, the fame Rules and

: Precepts you find in Chap. VIL will giv€ |
, you ample and plain directions.

J The Lines being ficted, as much as may
:‘ be, to fpeak out the Anfwer tothe Queftion;
[ ?s by well confidering the Figare, you may
CCe x

RARRARRE 5335885805

CHAP?.
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CHAP. XL

To make and meafure the Five
Regular Platonical Bodies,
with their Declinations and
Reclinations,

3, For the Cube, being the Foundation :
of all ather,

T is a Square Bolid Body, every way a-

like, and fpoken of largely before, as to

the Menfuration thereof,and obvious enough

1o every indifferent Workman, as to the

making thereof, and needs no repetition in
this place.

2. For the Tetrabedron.

It is a Figure, comprehended of 4 equi-
atteral plain Triangles, or a Trianguler Py-
ramid, Jaft mentioned, the beftand neareft
Way, as I conceive of making, is thus, Ac-

Cording to direCtions of Mr. Fokn Leak.
= T3 Ot
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On any rough Piece, make one fide plaif
and flat, {o large, a5 to containthe Trianglé
which you intend fhall be one fide of the
Tetrabedron /s then fer a Bevel to' 70 degeess
31 minures and 42 feconds; and plain ano=
ther fide, to fir the former fide, and the Be®
vel ( fecundum Artem )5 thenmark this [aft
plained fide, according to'the fotmer, an
cut away the refidue, plainiig them away
jult to theftrokes, and fic to the Bevel for
merly fet, and you fhall conftitute the Te- °
trabedron required, . 0P |

The Superfisial Content is the Area of the
4 equilacteral Triangles mentioned before,
and the folid Content is found by mulziply~
ung the Area of one Triangle by one thir
pait of the Aleitude of the Pyramid, or Te-
trahedron, from the midft of one Plain to0
the Apex, or top of the oppofite Solid
Angle. ‘

If the meafuring the fides, Perpendicu=
Ter, and Alitude of the Tetrahedron with
Compailes, Callipers, and Scale, ferve nok
to exaftnels 3 then proceed thus ;

Firfty for the Perpendicnler, the Triangle
being tquilarteral, g

Mulciply one fide given by 13, anddi=
vide the Product by 1y; the Quotient 3
the Perpendiculer, ‘ )
e Exgmpite
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Example.

Xf the fide of the Terrahedron be 125

- d,at_ muleiplied by 13, gives 1563 which

0%” ed by 14, leaves x0-4, for thelength

the Perpendiculer in the equilatteral
Hangle, whofe fide is 12,

Then for the Perpendiculer Altstudeywork,

thus, by the eArtificial Numbers and
Sines,

As the Sine of 9o, to thefine of 7o0deg, .
31min, 42 {ec;

8o i5 10-4, the Perpendiculer, to 9-8c,
the perpendiculer Alticude required.

Or by the Setor, work, thus 3
; Take, 12, the fide of the Tetrahedron,
fl‘om (any Scale, or) the Line of Lines, and
% the Seftor to 60 degrees, by making the
Atteral 12, a Parallel 12, then theneareft
ftance from 12, totheLine of Lines, is
We true Perpendiculer; which meafured
o the fame Line of Lines, will be found to
£ ¥0-4, as before 3 then make this 10-4 a
P aralle]l Sincof 00, and go the Sedtor fo
&, take out the Parallcl-fineof 70-31-425
Md meafisre it on the fame Scale, a3d it
all be .8, as before.
T4 Bugt
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But if you ufe the Quadrant-fide, then
firft lay the Thred to 60 degrecs, count®
from theHead ; then take the neareft di-
ftance from 12, on the Line of Lines, tothe
Thred, and it fhall be the Perpendiculer of
the Triangle, x0-43 then fet this Perpen”
diculer in 9o, and lay theThred tothe
neareft diftance, and there keepity then
take the neareft diftance from 70-31 in the
Sines to the Thred, and that fhall be 9-80»
for the Perpendiculer Altitude of the Tris
anguler Pyramid, or Tetrahedron,

Then, b
Laftly, This perpendiculer Alricude bee
ing multiplied by the Area of the Bafe gives
a Number, whofe third part is the Solid~
Contenc of the Tetrahedron required.
For 12 the fide, and §-2 the half Per=
pendiculer, makes 62-4, the Superficial-
* Content of one Triangle, or Bale; then

62-4, the Bafe, multip!_icd by 9-8, theper- |

pendiculer Altitude, gives 611-52, and?
third part of 611-52 is 203-86, the folid
Content required.

The three Triangles recline from the Per- |

pendiculer upright, 1p degr. 28 min. and
18 fec. and declige when the edge is South
€0, Scuch Eaft, and South Weft, andthe
oppofite Plain 2 juft Norths but if yeu

i A make
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tnake one South, then the other two aré
are North-eaft and North-weft 60 deg,

3. For the Otabedron, -

Which is a folid body, comprehended
Under 8 cquilatteral Triangles: The way,
°f making which, # thus 3

Make a plain Parallelepipedon, or Jong-
Cube, if thebreadth both wayes be 1000,
let the fength be 1-4.14 3 orif the length be
§00000, the breadth both wayes muft be
3-53553 3 then ro thele Meafures fquare it
exadtly ; then divide the length and breadth
uftin the midft,and draw Lines both wayes
on all the 6 fides; then draw the Diagonal-
Lines from the midft of the length, ‘to the
midft of the breadchs and cut by thefe
Diagonal-Lines, and the Offabedran will
appear to be truly made,

For the Menfuration thereof, it is the
fame as in the Tetrabedron 5 For, fuppofing
the fide of one of the Triangles 125 the
Bafe 15 144 in Content, and the Triangles
Perpendiculer is 10-4, as before: But the
Perpendiculer Altitude is juft half ‘the
length, viz. 8-49 5 for if che breadth be
12, then the length muft be 16-98, whofe
halfsare 6 and 8-49 5 Then it you multi~
Ply 144 the Bafe, by 8-49 the perpendiculer

Altitude,
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Altitude,- the Product will be 1222-565
whofe third part is 407-52, the half of
the Terrabedron, and 815-04 is the whole
folid Contenc of the Terrabedron required,
asnear as we can fce by Inftrumental Gpe-
ration 3 but if you work o a Figure more,
you fhall find the total Area to be bus
814-656 more exact, :

To find this Perpendscaler e Altitnde by
the Seltory work thus 5

Fisft, The TrianglesPerpendiculer being
30-4, asbefore; Take the Latteral x0-4.
from the Line of Lines, make it 2 Parallel
in 90, lay the Thred exactly to the neareft
diftance, and chere keep it 5 then the Paral-
Iel-diftance from the Sine of §4 deg.44 min.
45 f{ec. the Reclination fhall be 8-486, the
true Perpendiculer Altitude required.

Then if the Oftabedron ftand on one
Triangle, you have one Horizontal Plain,
and one South and Norch Reclining and In-
clining 19 deg. 28 min. 18 fec, as the Tz=
trabedron wasy and two South, and two
North, declining 60, and reclining and in-
clining 19 deg, 28 min. 18 fec, asafore.

But if it fland on a Point, then you have
4 diret or declining 45, and reclining
§4,44,45 ; and 4 inclincrs, inclining as
' much
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Wuch and divelt, or dechining, as you fhall
Pleaic to fct them,

2 4. For the Dodecabedron,

Which isa regular folid body; contained
Under (or madeup of ) 12 Pentagonal Py-
famids, or Pyramids whole Bafe hath 5 e-
qual fides, and the perpendiculer Altitudes
of thofe 12 Pyramids equal to half the Do-
decahedrons Altitude, ftanding on one fidey
or equal to the fomi-diameter of the infcrie
bed Sphear.

To cut this Body, take any round Piece,
and if the Diameter be 100000, the length
Muft be 0-81005, Or a54-906 [0 3-973,
then the Piece being turned round, and the
tWo Ends flat to the former meafures of

ength and Diameters ( which are near ac<
Cording to the Sphear inferibed, and to the
Circle circumfcribing ) being meafured by
Compafies, Callipers,and Line of Lines very
carefully and exactly. Thendividethe Cir-
cumference of the swo Fnds of the Cillen=
der into 10 equal parts, aud draw Lines
Perpendiculer from end o e:d, and plain
all awa, berween the Lines Sar and fmooth,
{o that the two Plains on beth ends will bes
come a regular ter-fide j Figure. :

Then making the whe 2 '\i_a\_.-cr:":.bcve-
gald, x000Q inthe Liscof Lincs, tase out

: G328
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©-309, and with this meafure (as a Radius |
on the Center ) at both ends defcribe 2
Circle ; and if you draw Lines,from cvery
oppofite Line of the xo firft drawn, you
fhall have Poincs in the laft defcribed circley |
todraw a Pentagon by 5 which is the Bale
of oneof the x2 Pentagonal Pyramids, con-
tained in the body. This Work is to be
doneat both Ends; but be fure thar the
Angle of the Peatagon atone end, be op*
pofite to a fide of the Pentagon at the other |
end ; then thefe Lines drawn, the two ends |
are fully marked,

Then to mark the x0 Sides, do thus ;

Count the firft length 100c, wiz. the
meafure from the too to che bottom, or from
Center to Center 3 and fit this length in 10
and 10, of the Line of Lines; the Seétor {o
fet, take out 0-3821, and lay ic from che
twoends, and either draw, or gage Lines
rourrd about from each end ; and in che
mid{t between che two Lines will remain
©-2358 ; then Lines drawn Diagonally on
the 10 fides, will guide tothe true cutting
of the Dodecahedron.

If you fet a Bevel to 116 deg. 33 min.
§4 fec. and apply it from the two ends,you
may try thetrych of your Work, The
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The Diclination and Reclination of all the
10 Pantagonal Plainssare s followeth.

.. Firft, You have 1 North, reclining 26
deg, 34min and ¥ South, inclining as
mugh_

Secondly, You have 2 North declining
22, and reclining 26, 345 and 2 South,
Ueclining 72, and inclining 26, 34.

Thirdly, You have 2 North, declining
36, and inclining 26, 34 3 and 2 South,

eclining 36, and reclining 26, 34.5 And
X Horizontal Plain, and his oppofite Balc to
and on,

As for the meafuring of this Body, the
Plain and Natural way 5 thss;

Firft, find the Superficial Content of the
Bafe of one of the Pentagons, by multiply-
ing the meafure from the Center to the
m‘ddl_ﬂ of one of the Sides, ( whichVis the
contained Circles femi-diameter) and half
the fum of the meafure of all thefides put
Yogether ; and then to'mulciply this Produtt
by one third part of half the Alitude of
the body, and the Produét fhall be the
Content of one Pentagonal Pyramid, being
one rwelft part of the Dodecahedron 5 and
this Iaft, multiplicd by 12, gives the folid

L,0N=
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Content of the Dodecahedroti ; or 12 timeS
«the Superficial Content of one fide, is the ‘
Superficial: Content thereof.

Example,

Suppofe the fidé of a Dodecahiedron bt
&, then the fumof; the fides meafured is 395
the contained Circles femi-diamerer is 412
then'x§ the half of 30, and 4:x2 muld-
plied together, make 61-803 and 12 rimes
this, makes 74.1-60, for the Superficial Cot*
tent of the Dodecahedron, [

Then for the: Solid Content, 'multiplf |
61-80, the Superficial Content of -anc 16 |
by 2-233, one 6th part of 13~392, tht
whole Altitude of thebody 5 the Produft
is 137-99940: Again, this multiplied by
12, thenumber of, Pyramids; makes v&s 57 ,
9928, the Solid Content, asnear as may bey |
i fuch a Decimal way of Computatioi.

i . 5« For the Icofahedron, _
Which isa regular folid body, made up
of, or contained under 20 Triauguler Pysa’
mids, wholeBale (or one of whofe Sides)
is'an equilateeral Triangle's and the per-
pendiculer Alticude of one of thefe 20 Py~
ramids, 15! iequal co half the perpendiculcs
Alcitgdeof the Icolahedron, from anyone
fide, to his oppofite fide, or equal to the
femi-diameter of the inferibed Sphear,

’
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To cit this body, take any round Piece;
and if the Diamerer thereof be 20000, -let
the length thereof beturned flatand éven to

075 3 orif thetrue Round and Cillen~

tical Form in Diamerer be 4910, let the
true length, when the ends are plainand
flat, be 3964 3 then divide the Cillendrical
Part into 6 equal parss, and plain away all
tothe Lines, fo that-the twoends may be
two 6-fided-fisures 3 then making gooo,
the former femi-diameter,: 1000 inthe Line
of Lines, take out 616, 2ad on the Center,
A each end, defcribe a Circle ; and by
drawing Lines to¢ach oppolite Point, make
2 Triangle, whole circumfcribing - Circle
May becthe Circle drawn 'at each end s buc

¢ fure to mark the fide of one Triangle op-
Pofite o the Point of the other Triangle at
the other end, as before in: the Dodecahe-
dron 5 thusboth the ends thall be fully.and
truly marked.

Then making the length a. Parallel:in
1000, of the Line of Lines, take out =379,
and -C9§, and prick thofe rwo meaflures
fromeach end, and by ¢hofc Points (draw
Or gage) Lines round abour, on the 6 fides,

henDiagonal Lines drawn from Point to

ine, and from Line to Point round abour,
Yhews hiow to cut the Body at x2z quts.

Mt’.’.
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Nate, That if you fet a Bevel to -x38-11
23, and apply it from each end, 1t wil
guide you in the true plaining of the fidé
of the Icofahedron, And a Bevel fet to 109
degrees, will fity being applied from the

midft of one fide, to the meeting of W0 |

fides,
The Reclination of the three Triangles
whofe upper fides are adjacent (or next) t9

the three fides of the upper Horizontals |

Triangle is 48 x1 23, from the Perpendi-
culer, or 41 48 37, from the Horizon~
tal, and when one corner {tands South,th¢
Declination of one of thefe 3, uiz. that op?
pofite to the South-corner a direct North 3
th'other two decline 60 degrees, one South-
caft, the other South-weft ; the other 6, 2
bout the cornersof the Horizental-plaisy
do all recline 19 deg. 28 min. 16 fec. the
“twao that behold che South, decline 22 degr
I4min. 29 fec, and thofetwo that behold
the North, decline’ 37 degs 4§ min, § x fecr
toward the Eaft and Weft; the other tw?
semaining, recline as before, and declin
one North-eaft, and the other Norch-welt
82deg. 14 min, 19 fec,

The ather Nine under-Plains, oppofice
every one of thel¢, decline and incline, %
much as the oppofite did recline and declin

as by due confideration will plainly 3P~
pears: - : Fof
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~ For thé meafirung, of this body; do 4s
¥ou did by the Dodecahedron;” find the
€ of one Triangle, and multiply it by
20, gives the Superficial Content; and the
Aiea of one Triangle, - multiplied by one
%t part of the Altitudeof the body, “gives
the folid Contént. of one Trianguler Pyra-
™id ; and thae Produét multiplied by 20,
*he number . of Pyramids, gives the whole

“olid Content of the Icofahedron,

Ezxample.

- “Suppofe the fide of an Icofabedron be 13,
rt fquare one fide ( wiz. 12, which makes
44 )5 then multiply thar Square by 13,
40d then divide the Produét by 30, the
Quotient and his remainder is che Superfi-
“al Content of the Equilatteral Triangle,
Whofe fide is 123 namely, 62-400; of
More lexadtly, the Square-root of 3388,
‘Whichiis neat 62.- 3545 20 timeschis, is the

Strgl?rﬁcial Content, namely, x247-08.
_ Then for the Solid Capacity or Conitenty
Mukeiply: 32023 che fixe part of the bodics
ltitude, or one third “of - the Pyramids
Altitude, by 62-554, the Area of one
Trlanguler Bale, and the Produét will be
188.4_93229_ Laftly, this multiplied by
20, the number of Pyramids in the Body,
v the
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the Produét is 3769-864380, the true fo4
Iid Content of the Icofahedron.

Thus you have the way of cutting, and
the Declinations and Reclinations and Mea-
fures, Superficial and Solid, of the § Re*

gular Bodies, as near as by Decimal A¢ |

compt to x00 part of an Integer may b&
the exadt meafuring whereof, requires the
help of Algebra, whereof 1am ignorant.
The Meafures of the Containing, and
Contained Sphears, Circles, and Diame:
ters, Sides and Axis’s, Diagonal-lines an
Altitudes of ‘the five Regular Bodies, g2~

thered in a Table to a Containing Spheaty |

whofe Diameter was 10 inches (or Integers)
found out by Geomerry, according to thif
Scheam, taken from Mr. Tho. Digps,

Let che Line A B be 10 of fome Diago”
nal Scale, reprefenting the Diameter of ¢
Containing Sphear. Which Line A B, yo¥
muft divide into two parts at C, and n®
three partsat E; A E being one third parts
and on the Points C and E, raife two Lin®
Perpendiculer to A B 5 and with § of you*

Diagonal Scale, on the Center C, defcrib®

the femi-Circle AF DB, and note ¢
Points F and D, in the femi-Circle, with
and D, drawing Lines from ejther of the®
g0 A, and from FroBs 3

i . The#s




[ 291
Then, Divide AF by éxtfeam and medn
roportion 5 the greater Segment being AG,
(by the xoth Problem of the 6th Chaprer)
then extend the Line AF to H, making F H
tqual to F'G;and draw the Line HB 3 and
from F, draw another Line Parallel o H B,
Curting the Diameter in I, and from I, draw
2 Line Parallcl to CD, asTK3 then make
L a third pdrc of 1B, and draw M L
Paralied to 1K 5 alfo, draw the Line M B,
and divide it into two partsat N, and into
4 partsat g5 then divide the 4th pare, M5,
Y extream and mean Proportion , whofe '
Breater Segment (or parc) let be S V3 then
divide FB ifi 4 parts, ~making FO the
haif, and FR the quarter ;' divide like-
Wife FE in two parts, and. atthe middle
fetP: The Fignre being thus made, then
With your Compaflcs, and Diagonal Scale,
You may mealure all the Diameters, Sides,
and Altitudes, of all the § Regular Bedics.

] As thus ;
AB isin all of them, the Contained
Sphears Diamecey.
EC, OF, RO, NC, NC, the Contained
Sphears Semi-Diameter,
. EF, OB, OF; NB, MB, the Containing.
Circles Semi-Diameter,

Va T -
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-EP, OC, CO; VN, MN,.the Contaiied
Circles Semi=-Diameter, : )
FB, AF, AD; AG, KB, the Leagth of
'~ cithe Sides of each Body.
EB, AF, FA, MA, AM, the Altitude of:
1 the Bodies:
AD, FB, VB, S$B; the Perpendicus
ler Line of ithe Bafes,
EBy. I -AF, the Diagonalk-
 Line of the Bafes, 'as ia the Tablei

Thefle Meafures and Proportions are fox
Sphear of x0 inches Diameter.

If yomwould havethe like. for dny oshers
then fay by the Line of Nambers, or
Line of  Lsnesy . or -Balevof Threey
tbm HUE 'l A . 1

As the fide  (\Diameter-or:Altimde ). forr
10, ds in the Table, :1s toithe given
Side, Diameter, or Akitude;

So 1s any other Number; in the Table, for

: ‘Dianteter) Side, or Altitude, to ‘his
Proportional Meafure regitired.,

Example
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Example.

7 bave & Dodécahedron, whofe Side 3 6,
What (ball all bis other Sphéars, or
Cireles,” Diametersior Altitnde be 2

The Estent of the Compafles - from
3+5 70, «the Dodecahedrons-fide * in the
Table, to. 6 the fidegiven, Thell reach irom
10, the Containing Sphears Diameter in the,
Table, to 16, theContaining Sphears Dia-
meter, for ‘aDodecahedron, whofe fide'is
6:  Apd from 7-970, the Contamed
Sphears Diameter, tolx2-643, the Con-
tained Sphears Diameter, - And {o for any
other whatfecver.

V 3 The
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The Table.
The Names of ghe  |Tetra [Cube.\Oda- Dode-}Icofa-
Bodies, bedran \bea’. cabed. be'_ci-__

Containing Sphear, |
The contaning spheacs Diame. AB AB t AB AR | AB
cer, thatcompithends the body 0. 00010, ©00 10+ 000 13- 000 10 cod)
in it,1s for ever ont afthem, = 1o
Contamied Sphear, | ‘
The cantained Sphears Diame. |
rerthar 18 contained in the bo- | 2¢332/8. 1648 4 oBz4| 70070 7:97°
f,iy»cﬂl;d‘?ifg Axfy- v sougyic 5E “oF | RO | NC | NC
The balt therecky 18 —e— | 3, y 4
Cmﬂ:sin!’ug’cirt[:. 10666 4,824 20 o418 3943 3955
The c(oumning Circles Diamc-
ter, ( or the Diameter of that’ g.42 L &a% Be G070 B
Circle which comprehiends one 249 i-f-"—s 3—-—65-4 —.—7--, 6}4070
fide oc bale o the bady, s EF |- OB.| OF | NPl
The half thereof, js 4:710 4 0324 ¢* o824} 34935 3- 039
" Contamz{! ggrc{cs.o }
The conmaived Circles Digmgs E
ter, comprehended in the Bafa Arqtog.- 78403 7840 4.910 Mb{
of one fide, 18 ————m= EP | OC | OC| ¥N |3203}
The half ma:co.f, i3 2% 355 20 39:3'1-89101 20 45515175
Sides, }
The length of one fide of the
‘Ll:‘g":nglss (nateyor Pentagon, FB | AF | AD § AG | xB
ng the ba\cur‘;hc fipure, is 8:1647, gi774| 7-C71| 3-579] 54260
A $.09135, 2. 5573° 5355| 1+785] 2.630
The Altitnde from fide, rothe
fide oppoiite, ot from Sideto EB | AF | AF | MA | MA
the Point oppofitey =—=———— f"f"-‘"" 5 774! §-774] 7-960| 7.660
if 4 | el o T
Tbeh;ﬂ;::é’k‘»jl':"" 323333 2, 887 *> 887| 3+93q] 3. 030
The Lenzth OF the Perpendi-
eyler Line of apy One Side or aD | FR ‘VB SB

Ba!cil !;If;i:_f_"_—_| 7 0?3i3- 1647 ..6_‘_1.!,3 5+485) 4558

The reof,- 3 s365/3. o823 3" 0635 2 -278

Diagonal.Line. 3 53654 8238 e

The Diagonal-Line, {rom COT-] B AF

ner to C f the { s ! 7

i!’f ta Corner of t::lmiﬁjfi onieem 3 1647 none—| 5774 gone—]
The half thercof if,—=—— | 40823 38871
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This Table was gathered From this Ges:
Metrical Figure, drawn on a Slate, by 2
8%0d Diagonal Scale of 6 patis in a Foot,
Whereby 1 could very well come to the
100™ vart of an Integer 3 and is true
Slough for any Mechanick Operation, for
Whofe ufe I enly do it, and Lhope it may
€ as kindly accepred, s it was carefully
alculated, and offered to Publick view,

Eh84048000530008400

CHAP. XIL

The ufe of the Lineof Num-
bers, in Gaging of Veffels,
clofe or open,

Aging of Vielfels, isno other than the

\ Mealuring of Solid Bodics; and the
former direStions for folid Meafure, con-
Veniently and aptly applied, is fully fufh-
Geat 3 only oblerving this difference, That
the refule or iffac of the Queftion is tobe
*endred in proper terms, according to the:
V4 demand
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demand of the Queftion, asthus; in meie
furing of Timber or Stone, the Queftio?
15, How miany Fect, or Inches, # theresn _fb"
Solsd Body? ~ But in Gaging, the Queftio®
18, How many Gallons, Kslderkins,or Barre!s
#sthere inthe Veffel to be meafured 3 FOF

which purpofe there are fit Numbers, of |

Gage-Points, requifite to be known, for the
more fpeedy attaining the Anfwer to the
Queftion, of which in their order, as fol
loweth

Firft, You are to. remember, That th
folid capacity of a Wine-Gallon, is 23%
CubeInches 12 Corn-Gallon 272; Cuhf
inches 3 an Ale or Beer-Gallon, 1s 2823
Cubeinches 3 or as fomefay, 288 Cube i

ches 3 So that when you bave found the

Content of any Veflel in Cube inches, it
you divide that fum in inches, by the e
{pective Number for the Gallons you wou!

have, the Quorient fhall be the Content i
Gallons required,

Problem T,
To meafure a Square VefJel.

Fromi hence it follots;' That to mealur®

any Square or Oblong Veflel, you mut
m“]“PI}" the length' and breadch caken l“;
inches, and tench patss, together ; thatis®

- {ays
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The one by the other; and the Pro-
duct fhall be the Content of theBale in in-
thes, fuperficially : * Then multiply thiis Su-
Perficial Content of the Bafe, by ehe inches
and tenth parts deep, and the Produét Thall

¢the {olid Content in Cube inches ; then

wide chis Produtt by 282, gives the Con-
Eent i Ale-Gallons in the Quetient, and the
Yemainder, if any be, are Cube inches,

But if you divide by 10161, the Cabe
Iches in a Beer Barrel 5 or, by 9032 the
Cube inches in an AleBarrel 5 the Quotient
theweth the Number of Beer or Ale Bar-
tcls, (and the remainder Cube inches.)

ia}r’

Example of a Brewers Cooler.

The length Ietbe 78 inchesand 1 tenth,
the breadth let be 320 inches and ¢ tenths,
and the depth ¢ inches and g tenchs, or
half an inch; by multiplying and dividing,
as above, you will find 843 Gallons, and 68
Cube inches, to be the folid Content of that
Cooler 5 which work is very readily done
by the Line of Numbers, in this manner 3

‘Extend the Compailes from 1, to the
breadth or length 5 and the fame Extent fhall
reach from the length or breadih to a 4th,
Which is the Superficial Conrent of the
Bale, or boteom, iu Supexficial mches,

Thern,
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Then,

The Extent from 282 , to the laft Num-
ber found, fhall reach the fame way from
the inches, and tenths deep, to the Content 18
Gallons,

Extmple.

The Extent from «, to 78-1, fhall reach
the fame way from 320-5, to 25031 ; thed
the Extent from 282:, to 25031, {h
reach the fame way from o-5, to 842-68,
the Solid Content 1n Gallons required.

Indeed, you muft Nute, You cannot fe¢
fo many Figuzes on the Line, as the Product
of 4 figures multiplied by 33 yec by the
Rules (in Chap.6. Seél.3.) you have di
rections asto the number of Figures, which
hereis 7 ; the two laft (next the right hand)
being Fradtions, or parts of an Inch, and is
therefore negleted.

eAgain,

Individing the Produé of 24031, and
9- 5> multiplied together, which makes 6
Figures befide the Fraction by 282, there
muft needs be three Figures inche Quortient
which arc the Gallons: This artificial help
you have, befide the prefent view of che
Veflel, which will direét you not to call
842 Gallons, only 84 £, nor 8420, as you
muft needs do, if you miftake as to the de-
nomination, )

Agains



3 Agasny _

L You need not to trouble your felf, to
0w what the gth Number is3 but having
dnd the Point reprefenting it, keep the
®mpafs-point fixed there, and open the o~
® to 282 X, where you may have a Brafs
tnter-pin for more readinefs 3 but let your
ount go as 282 2 ro the 4th, for methods
.f:fke’ and not as the 4th to 282 35 for then
You myft fay, fo is the depth the contrary
Way o the Content in Gallons.  Allthisis
“nted for plainnefs and caution fake, in be-

A&fit to young Learners,

y Alfo Nore, Thatif you would havehad
the Anfiwer in Ale or Beer Barrels ; thenin

tad of 2821, youmuft ule the Point at
9032, for Ale Barrels; or the Point at
10161 for Beer Barrels, being the number
of Cube inches in thofe Barrels, as 282 ¥ is
the number of inches, in a Gallon of Ale or

ger,

Example for the [ame Cocler.

The Extent from 1 to 78-1, fhall reach
from 320-§, the fame way to 250315 thex,
the Extent from 10161 to 25031, fhall
teach the fame way from 9-¢ to 23 %, the
true number of Beer Barrels required. Ors

The Extent from 9032, to 25031, ﬂljall
Yeach to 26 Barrels,and near 1 thixd : which

15
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O faeed "
is as quick and yeady away as can be!
Square Vefles,

ol

Problan 1T,

T Gage or Meafure anyround Tunr |
or Veffel. "
|

The plain and natural way for feafur
of ajound Tun, is thisy Meafure che Dlﬂ'i
meter in inches and tenths, and fec dow? |
i * half thereof; Meafure alfo, the Compa® |
I round about the infide, and fet down the l
f _halof thacallo, ininches and tenth part¥
apd,multiply thofe two Numbers togeché?
the Produét fhall be the Coutent of th
Bafe, ur bottom, in Superficial inches; thef
this Produt mulcinlied by the depth in 197

then laftly;” this Produt divided by 282
orby 10161, or by 9032, gives the [oli
Content in Gallons, or Beer, or Ale Barrel¥
as before.
, For, half the ‘Diameter, and half ch
' Circumference, doth reduce the round Ve
fel to an Oblong Vefitl, equal to that roun
Vellel, ' '

Which Vellel, when it ss' brotight to #
Square, by taking of half the D.ametels
and half the Circumference 3 then the Rluili

i a

ches,» gives the folid Content - in jnchesy'|
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th Mentioned, for Square }fcﬁ”ds, performs
"t work exa&tly; -to:Gallonsytor Barrels, as
oy P[‘EE{C. - PR

Ut when the Véffedis Tapery that i to

, IQY) thebortodaand oprdf “different Diamie-

: Chr.s:aas generally thelp alkare; “then the

1 Miff car isto come by the trie Diametersy;

i & ‘-1th_|s befbdone bya fliding Rule applied:

‘ %lhc‘mhde, whofe vegular equal computas:
' 1 15'thbs to belordered5 L o L oy
| When the Veffel is taper, 7and the Sided
l 5? ﬁrcighc, like .the Segment of 4 Gones!

B 0 ol miay add the Diameters ‘4t topardt

f:ttom together, and comnt the halk sy

anrt ¢ mean Diameter of rhac taper Veflel,
'd Mileiply half that Didneter, and hal€
arlls(i Proporrional Gircumference, a's'béfqr.e. :

o multiply and divide, to get the-folid

Oltent in Gallons,or Barrels, =3

QFBUt when the Staves are bending,. asmoft

"~ your clofe Cask are, then the readieft
iy to comieton me'm‘éi‘anig‘ter, isthiis's
Say, :

As 30107, Or a8 Xo 16 & 4081 0 3
hes 153 153 35 5 according* as" ot
fhall-find mof¥ trie for feverabCask s

Sois the difference of Diametérs'to'a 4th

- Number, whichi'is to beadded’to the

leaft of the Diameters, tomakeupa
mean Diameter,

As
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s for Example] |

If the Sides be round or arching, 20|
the lefs Diameter be 30 inches, and ©*
greater 40 inches 3 then, As 10 0 73 %
15 %0, the difference to 7 inches 3 whid!
makes ( being added to 30, the leaft D"
meter) 37, for a mean Diameter. ‘

But Note, It is hinted by Mr, Dl
Thar Veflels, ufually, are between a Sphe’|
roid and a Parabolick Spindle; then, if #
30 0.7, be too much to 2dd to the Itk
Dameter 5  You may fay, }

1
AS'IO,’IO 635 Or,Asx0,t06%,, 1 :

Iy iF3 ‘

8o is the difference of Diametersto 48
Number, which you muft add roth
Ieaft Diameter, to make a meanD#¥
meter,

Having thus gained 2 mean Diamete?
you may work as before; or rather th”:.
more readily and eafily, by the Line ¢
Numbers, rhus ; i

As the Gage-point is to the mean DI#

mELer 5

Soisthe Length toa 4¢h, and that 49

to the Content required, The
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The Gage-point for Wine, and Oyl-
gallons, at 231 Cube inches in 2 Gal«
lon, is — 171§

The Gage-point for Ale-gallons , at
2822, is, — 18—95

The Gage-point for Ale, or Beer-gallons,
at 288, 15, sem—mr———— 19—1§

The Gage-point for a Corn-gallon, at

—

2725, 13, 18—62
The Gage-point for 2 Beer Barrel, at
101671, 15, 35—96
The Gage-point for an Ale Barrel, at
9032, isy 330X

The Extent of the Compaffes, on the
Line of Numbers, from the Gage-point to
the mean Diameter of a Veflel; being turn-
td two times the fame way from the fength
Ofa Veflel, {hall reach to the Content of the

clfel, in Gallons or Barrels, according to
the nature of the Gage-point.

Example.

A mean Diameter being 30, and the

tngth 40, the Content isin Wine-gallons
123, near,

In the leffer Ale or Beer-gailons, 100-3.

In the greater Ale-gallons, at 288-cp8
8llons and 2 half,

In
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" Ta Corn-gallons, acz 73-; 4 =104 Gal«
fons, ' &%
In Beer Barrels; by--his Gage-point yo
will find 2-78, or 2 three quarters: 279
In Ale Barrels, you will find 3 and 3 @
dhundred: 3 — 11, ;
And the like:for any  other Meafore
whofe'Gage- point is kaown, 5

Problem III.
To. find the Gage-Paint of ary
o CMeafure.

‘The Gage-point of any Solid Meafure, i5
only-elie Piameter of a Circle, whafe So
perficial Contenc is equal to the Solid Con-
tent 6f the fame Mealure,

& A5 vhus more plainly 5

The Salid Content of 'a Wine Gallofif 18
231 Cabe inches: Now if you have 4
Cirele that contaifs 231 Superficial inchesy
the Diameter thereof will be found ' to be
17 inches, and 15 of ahuindred 5 as by the
7th Problems of the 7th Chapter; is” well
feen,

Thefe Direitions may ferve for any round
Vellel, either clofeoropén ; yer Mr, Ough=
tred; a very able Mathemarition, hath 2
way




* Way accounted fomewhat more exa&, and
“onfequencly more tedioiss and troublefome
;‘; uhfle either by the Pen or Compafles,which

this s

Yot muft meafure che Diameters a¢ head
nd bung, orthe tepand bottom in inches
04 3oths, the length alfoby the fame meas
fure’; then find ouc the Superficial Con.
%nt of the Circles, anfwerable to thofe two

lameters, and take two thirds of the grea-
telt, and one third of the leaft, andadd
them together in one fam ; which fam you
Muft multiply by thelength in inches and
fens, and che Produét fhall be the Content
40 Cube inches 3 which Produét divided by
282, pives Ale Gallons; or by 231, gives
olie G-‘lllom, as bEfOl‘e-

By the Ling of Numbirs, 1hic way i
more vafis and ready thus 5

TheExtent from 1, t0 05236, a Nums
berfitfor 2 thirds, of che Circleat

the bung -

Sois the Squ;re of the Diameter ac the
bung to a 4¢h,

X Then
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: Then agasns : L
_i$ 1, to 0-2618; the half of the fore
mer Number, and fic for.one chird

the Circle athead s
So is the Square of . the Diameter at head |
to a 4ch,

Thefe two 4ths add togethers then [ay

As23x (for Wine, or 282 ; for Ale-
Gallons ) , 15 to the fum of the tw0
4thsadded together ; ‘

So 15 the length to the Content in Wing
Gallons, _

Example, at 18 suches at bead, and 3%

as bung, that old Example,

The Square of 32, is 10243

The Squascof 18, is 324 :

Y 7770 R

The Extent of the Compafles from 1, 2
©-5236, {hall reach from 1024, the Squar
of 32, to0 §36-4, two, thirds of the bung”
Circle. 1

Again,

The Estent from 1 500 0-26 18, fhall read?
from 324, theSquare of x8, the Diametét
athead, to 84-9, the fum of §36-4, 38
84-9, 1s 621-3,

Then laftly,

The Extent from 231, to 621-3, fh“:‘l

xeac
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*dch from 4o the fength, to 102-58, of
=97 Gallons and a half, and better, the
Gtitent in Wine-gallons, as briefly as can
Oue this way.
Butif you takethe Diometers at head
2 bung with a Line called Osghered's
¢-line; and fet shic meafure found at the
b"“f% by that Line, down twicey andthe
(Cafiure found at the head, found: by the
fame Line, once, and bring them into one
4m 3 chen muleiply that fum by the lengch
o the Veffel in inches, and 10 paits, and,
thf-‘_n the Produé thall be the Content in
ne-gallons required.
Asaf 1 fhould meafure a Cask of 18,
and 32, asbefore: right againft 18 inches
on Ougb:rrd:-l’.iue, you find 0-367 ; and
Izht againft 22, you fhall find 1-1671 3
this laft” fec down twice, and 0-367 once §
3ded; makes 2-6 895 and then this fum
Multiplied by 40, makes 1076, being
Yery near to che formes operation, but dif=
crtug abouc 2 Gallons, from che way fet bee
ore by the mean Diameter and Gage-point,
¥ reafon of the excream fwelling of the
ask 3 Bue if this way fhoyld prove the
*ueRt in the Book of rhe Carpenters Rale,,
7o have a Tuble to re@ifie chis difference;
:; hliih you will very fcldom have occafion
"X

X 2 Note
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Note alfo,; That ‘this Line, called Ough
tred’s Gage-Line, is very excellently impro*
ved to find the Content of Great Veflelss
cither in the whole, or inch by inch 5 which
you will find at large in theBook befor®
mentioned.
eAlfo; Theufeof the Lines called Dis*
gonal-Lines, and Lines to find the emptis
nefs of Cask, and ro meafure Corn-mea”
fures byy: téwhich I thall, for the prefents
refer you,

. . Problem IV,
" The Dianserer and content of a Veffe!

being givens tofind the length of
b vhe !ffﬂ'd. X

Extend the Compafles from the Diamete?
to the Gage-point, the fame Extent cwic®
repeated from che Content, fhall giveth®
length required,

Example, ;

If the Content be 60, and the Diamet®*
24, then extend the Compafles from 24
to 17-1§, the Gagespoint for Winez th”
Excent turnied twice the fame way, from 65

_the Contenty. (hall teach ro: 30inches, and
6 tenh®, and 2 halt; the length required.

Probiem V¢
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Problem Ve
The Length and Content of 4 Veflel gi-
ven, to find the Diamcter.

b Divide the fpace on the Line of Num-
bers, berween the Length and the Content,
1to two equal parts 3 the Compafles fo fer,
reach the fame way from the Gage-poinc
%0 the Diameter of the Veflel.
Example.

| The half diftance between 35-65 the
tngth, and 6o the Content, fhall reach the

e way from 17-1§ the Gage-point, to |
24 the Diameter required, -
& Thefe two laft Problems may be ufeful for

oopers, to make Cask of any length, diame-
ter, and quanticys

: Problem VI.
: _To find what % wanting in any clofe Casksy '
a5 any number of inches and partsy (the
Cark. bying after the ufwnal manner, with
the bung-bole uppermoit ) from the
hfng-bo!c to the fuperficies of the Liguor
given, WO Wayes, .

/
_This Problem 1 fhall refolve two wajel,

tither of which 15 uperimtnted 10 € me
X3 near

i
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pear the truch, and will very well ferves
a better comes tolight. ‘ o
The One, by a Line of Segments, jO¥7
to the Line of Numbers, as_before in the
meafuring the Fragments of a Globe; Bufs |
The Orber, isby a way found out by Ma:i
Byupit, 2 Cooper, thathath long exercil
the way of Gaging, Whicltis by comparif$
a Cask known, and its quantity of P
nefs, toa Cask unknown, afid ‘its inches of |
emptinefs, as followeth. ‘

Firft, bythe Line of Numbers, and Aril
gial Line of Segments, to find ¢be qﬂ‘ﬂ'_ﬂ’
of Gallons that any Veffel wants. of bei®h
fully ar any number of dnches, from?!
anfide of the bung-bole, to.the [u ,nﬁ“‘i
of the Liguor, which ts ufually call
Inches dry,

Extend the Compafles; ‘on the Line o
Numbers, from theinches and tenths dian”
terat the bung, to 1ooon' the Line of 56
miencs, the'fame extencapplied the fame W
from the inches and parts dry, fhall reat |
to a 4th Number, on the Line ok A:__nﬁﬂ‘;t :
Segments3 which 4th Number you m”b A
keep. ( Or, if youwill, you may ufe Eh‘
inches wet, laying the farie extent from &

iaches wee, and that alfo twill on the S
S : ment
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ments give a4th Number; which you minft
likewife keep.) 4 'y th
Then fecondly,

As the Extent from 1,to the whole Con~
tent of  the Veffel in Wiste or Ale-gallons 5
So is the 4th Number kept to the Gallons of
€mptinefs, or fallnels, that it wantsof being

q I“, ot the quantity of Gallons in'the Vel=
CL, -

E:xample, of a Carary-Pipe, whofe Dia-
misrer at bung, 1 28 inchesand 7, axd
fall Content 3 Gallows ‘116 5, at 12
inches dry, or 16 inches, and 7 tenhs
wet.

The Extent of the Compafles from 28-7,
to 100, (at theend of the Line of Seg-
meats). fhall reach. the fame way fromixz,
the inches dry,. to 39 2 on the Line af Segs
ments for.a.4¢th ; or from 36-7 wet, 19
60 22 on. the Segments, . for his 4th allo,
which two 4chs Kecp. - suf o i

¢ - Then fecondlys bifol

The Extent from x,.t0 1164, thewhole
Content: in-Gallons,: fhall reach from, 39,
the dry 4th, on the Line of Numbers, 10
46 3., for the gallons dry or wanting : or
the fame extent fhall reach the fame way, on

50

- the Line of Numbers, from 603, the 4th

Number for wer, to 70 gallons,and 2 tenths
X 4 n
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- inthe Veffel, a x[d %nchf:} and 7 tenthswet
which two Numbers put togecher, makes
up 116 gallons and a half, the full Con-
tent.

The like manuer of working ferves for
any Cask whatfoever, and the nearer the
Veflel wantsof being half empty, themore
near to the truth will your work be, and
the moft errour in very round and fwelling
Cask, when the emptinefs is notabove onc
or two inches 3 but in Veffels near to Cil-
lenders, it will give che Anfwer very true,
and as readily as any way whatloever.

Obferve alfo, That if you ufe the Sege
mentsin taking the wants, you muft abate
of “thc gallons fouind; till ‘you come to che
2 thirds of the'half diameter ; thacistofay,
the Rule fayes, there is more wanting: than
indeed thereis ; and that fomewhat con-
fiderable abouit the firft 6 inches in a veflel of
3oinches djameter : Sochat 1 find a Tabls
made¢ 35 a mean between the Superficial and
folid Segments, would do the work che
trueftand beft of any ‘other 3 ‘Orelfe, ufe
the mean diameter and mean parts of empri®
rels'; found thus,

Take the equaded diameter, from che
diamerer ar the bungy and note ‘the diffes
rence : chen half this difference raken from
the iuches and parts empry gives the mean

R smprines 5
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*mptinefs 3 thehufc che méan diameter, and
Mean emptinefs, inftead of -the other, and
the work is more exaét,

The ather way of <Mr, Beonits spvesne
siom s thaw 5 -
Firft, you areto fill an. ordinary Cask,,
2 competent magnitude, ds 60.0r 108
lons, of a mean form; berween 2 Spheri-
°rd ( or roundifh form ) and aCillenderi-
%l form 3 or elfe fifl two Casks of each form,
nd Jearn the true Contenty asid Diameter of
that mean Velll, or rather of both thofe
Veflels 3 and the Veflel being full, draw off
With a true gallon-meafurey  and on the
tawing off every gallon, take the exalt
banticy of inchesand xoth parts, that the
rawing off .of every gallon niakes in the
tmptinefsor drinefs of that mean Vellel, or
Yather both thofe Veflels, at leaft until you
have drawn off the half quantity of “the
Veffel, which number ofgjlons drawn off,
and the ifiches and tenth parts of emptincfs,
Or fu[n.CfS, or drinefs or wetnels, you muft
Graw into 2 Table, or inferr them on 2
Rule, making theinches asequal parts, and
the gallons, and his propertional part of a
gallon, “the unequal parts:;‘then with the
in¢ of Numbers, and this mean Tble, or
Tather two Taubies or Scalesy which you may
put
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put'ona Rule, as Mr, Bennit hath done, yo
may find outthe wants of ‘any Cask what-
foever 3 either Spherioid, or Cillender-likes
- astolloweth, ,

This meafured Cask on the Seale, of
Table, for methads fake, and avoiding tau”
tologie, I fhall call the firft Cask, and che
Veffel or Cask, whofe wants  you would
know, ¥ {hallcall che fecond Cask 5 thes
the pro ottion is thus, 2/l ouos

As the Diameter ar the bung of sche fe*

cond Cask; is to the bung diameter of
the firft Cask' (which S alwaysfixed) s
Soistheinchesdry of thefecond Cask 10
a 4th {onthe Line of Numbers) whiclt
4th' Number ' foughton«thié inches of
your Table; or Scale, oni:che oppofice”
part of your Seale or Table, givesa 5th

Numbery which you mulkkeep:

: Tbhen, i1t e
As the whole Content of the fir Cask,
is to the whole Content of the fecond
o Cask §p i '

Sois the firfi Number kept, -to the Num* |

ber of Gallons the Vellel wants of b€

- ing full, acfomany inches.dry.

Example.

There isfuch a:Scale madesn piarpole fof
Vidtuallers ufe, to meafure what they waot
of a Barrel of Ale, being. put. inta a Beer”

o barreh
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barrel, which Scale 1 fhall here ufe, totry
this former Example by,

Suppofe, as before, a CanaryPipe want
12 incms of being full, and the Content
116 ! gallons, and 28 inches-and 7 tenths
diameter at bung; The Extent'onicle Line
©f Numbers from 28-7, t0 22455 fhall reach

Tom 124t0 9-4 ; then juftaganft 9 inches

and 4 tenths, on that Barrel Scaley I find
14 gallons of Beer, whichis 17.gallons and
ahalf of Wine, being the 5th Number . ta
be kepe,

Then the Extent from 44, the Content of
a Barrel in Wine-gaflons, tc 11631, the
Content of a Canary-Pipe in the fame gal.
lons, fhall reach the fame way from 172 the
Number kept, 1046, and near a half, the
gallons wanring at 12 inches dry; in the
Canary Pipe, and 46 gallous, and 3 quarts,
1s the Number Mr, Beznst findsin a Canary-
Pipe, by meafuring at 12 inches dry.

hus you have an account of the two
eafie Mechanick wayes,to difcover the wants
of Cask, very|applicable; and yeady, and
experimented o be Prope werums,

The
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The Gallons wanting ina Barrel, at
every inclh and quarter,

—-—

T Gi!_l_.. Wine Gaﬂl
= | gal. pi- 100 |gal. pi.1o0 gal, 1000
Tlo o400 o 49|c o6z
o 1200 1 47|00 184122
o2 10|00 2 4§7(0 32X
r |0 3100 3 80j0 475
“lo 4 3310 § 3910 663
0O 6 00 0 7 35|10 920,54
o 7 60't X29lxr 161
2 | 1 8 (x 4eoflt §00
Far i 3901 6 56|«x 3;._1:-;
1 6 102 1:22|2 I§3 20
2 0 66(2 4 34|2 HS,
3 |23 502 7 9812 998!
1276 163 3 o3 388
3 © 7013 6 203 772 19
3 384 2 cofg 250
4 |3 65014 5 300+ 693
|4 x8o|5 13505 169
‘4 5 25|5 § 6ol y 730___1_8
'§ ©42|6 1 45(6 182
s |s 390[6 5706 713
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| Beer Gall. \'Wine Gall. 1 !
gal.pi.100 gﬂ.pi.roJ;al 1000 - i
7 207 1707 2x3
2 8|7 6207 777\37 :

50,8 2658 333
20|88 7 208 900
§O| 9 20 9 499
10! 9 70 9 960 16
80|10 4 20 1O 42§ ‘ !
70|11 ¥ 0O IT 12§

——

S

40|12 2 20 12 275 %9
30/ 12 7 ool 12 876
§0, 13 4 10 13 §13
30i14 0
30114 5
I2 4 29115 2
15 7
13 4 30|16 4 60} 16 577
14 © 40lx7 1 60|17 200{%3
]
3
o
6
3
I

o DO NN G AW

3
7
4
 §
go|11 § 40 11 806
2
7
4

,O@
-
-

8o, 14 110
8o| 14 7251%4
8of 1y 350
70| 1§ 926

OHlOP O |Of HA IR QA

i‘o
et
w
Q
w
o

14 4 60l17 6 60| 17 827
10 3§ O §O 18 3 40! 18 425

30| x9 037
so| 19 81y
25 |20 ‘407
00|21 22§

15 4 4819
16 o 80|19
16 § §0(20
It'yy; 2 20121

12
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iz

VVine Gal,

Beer Gall.
gal.pi.roo *gal. pi. 100
17 7 90l22 o0 oo

22 6 98

13
ig
19

49
00

16

23

4 31

24 x 48

20
20
21
2%

Qo
40
i0

40

24 7 30

o

4 6o

26136
26 6 38

gal. 1000

21

22
23

L
24
25
26
26

(eleTe!
644
391
184

961
575
170
799

22
22
A3
23
24 3 70
24 7 40
2§ 3 6o
25 7 §oO
26 3 30
26 7 o0
27 3 00
27 6 40

cO
00
00
30

NwNWIVwuwyWw Ik v

27
28
28

29
29
30
31
31

3 36
2 18
5 18
2 19

7 40
3 .99
(ole]

8o

27
28
28

29

29
30
31
31

130
174
648
27¢
026
488
12§
726

32
32
33
34

oo
2o
© 30

i
5
2 60
7
3

3z
32
33
34

323
875
475
037

28 2 20
28 ¢ 8o
29 1 40
29 4 8o

34
35

4 8o
o 8o
5 34
i 80

34
35

35
36

6co
100
668
21§

IX

10
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Beer Gall, | Wine Gall.
.g_al. plicg | gal pi.xoo | gal. xoce
m 40436 6 29136 788
304 10|37 2 29137 287 |y
30 7 §6137 6 54|37 320
18 131 3 0c0(38 2 39138 209
31 6 30|38 6 64|38 833
32 1.8039 2 7039 3384
32 5§ 00|39 6 0OJ39 742
Io132 7 80140 1 80|40 224
33 10| 40 904 40 614
33 4 2o 4! I0| 41 0123
3307400 4% 3 S5 140 457
20|34 2 004X 6 77|41 848
34 4 30142 1 43142 180
34 6 20|42 4 00|42 §00 |2
35 © 10142 6 70142 840
235 2.00043 9 04 |43 055
35 4 80443 4 3943 52411
35 6 90143 5 42{43 678
22135 6 80143 6 5143 816

e T -
———

35 7 49143 7 59143 938
36 0 00|44 © Q0|44 000
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CHAP. XIIIL

The ufe of the Line of Numbers;
in Queftions of Intereft and
iy JAnnnitiess

7 Problem I,
eAs any rate of Imevefl per annum for#
bundred pownds, vo fisd ge;“ the Is.{;,

of -awy greater or lefJar [wm coms 1o V¥
one year,

Xrend the Compafles from 30010 the

increafe’'of xoo /. in one year, the fam®

Extent fhall reach from the fum propound-

ed, to itsincreafe for one year, at thacrat®
propounded.

Example. :

#hat i the increafe or profi of 1241, 30 %

for one year, at 6 per cens. per annpm

The Extent of the Compaffes, from 209
t0'6, being laid the famg way from 124f‘
p SRk

|
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| 94 ( which is at 124-5 ) fhall reach o
’ 747, whichis 7 /=9 1. — 44, the pro-
|

fie of 124-10 5 inone year.

Problem II.
eAny [um of Money, and the rate of Ina
terefl propowuded,to find what it will in-
creafc to, at any number of yearss count-
sng Laveveft wpan Intereff.

[ The Extent of the Compafles from g 0o,
*othe increafe of 100, beiff rurned as ma.
Ny times from the fum propounded the fame
Way,as there be yeats propounded, fhall at
laft ftay ac the Principaf and Intereft re-
Quired,
Example.
To what [um fhall 143 pounds 10 [oillings,
AMOKnE to sn XQ years, connting Inrerfh
spon Interefl, at 6 per cent ¢

The Extent of che Compafles from 100,
t 106, being tyrned 1o rjmes from 14335

| fhall reach to 2577, o, the fum of Prin-
¢ipal and Intereft ar 1o years end,

Note, That in doing this, you oughtto

|+ o€ very precife, in taking the firft Extent
oM 100, to 1063 but to cure the uncer-

| Rty chereof, you have this very good re-
- Medy: If you hayea Diagonal Scale, equal
X to
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to the Radius of ‘the Liné of Numbeys, the®
ufe that ; ifnot, ufe, the Lineof Lines onthe
Sedor-fide, which fhould be made fit @
(or the double, or the half of ) the Radiw
of theLine of Numbers.

As thus 5

Take the Extent from the Line of Nu”
bers, between 100, and 106 3 this Extef®
meafured on the Line of Lines, will D¢
0253058, could you fee fo many Figur€s
but 02531, will ferve your turn very welli |
which Numbé you muft note, is the Lo |
gavithm of 106, negleéting the Caracterd” |

l ftick 5 then this Number multiplicd by 107

]' the Number of years, is 253105 this B>
. tent taken from the Center, on the Line of |
}' Lines, and laid increafing from 143 3, fhal l

reach to 257/, 0s5. 0d. the true Numbe

I: of the Ulfe and Principal of 1434, 30%
t' put out, or forborn for ten years,

b Problem IIL

' A [wm of <Money being dne at anytimé "]
come, to find what it s worth in read) '

Money ta be paid prefenlyy at any ralt

proposnded.

1 .. This Problem is the contrary, to che 14
for if you. fhall turn the Extent becwe®

100 and. 106, ten times baskward &r 4
. Jot
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257, it will ftay at 143 %, the worthin
tady Money.

Or, to make nfe of the formev remedy 5
Multiply 0253058, the Logarithm of
06 by 10 5 then chis Extent taken and laid
the decreafing way from 257, {hallreach to
3
Eor Note, That the Line of Lines is the
cale of equal parts, that makes the Lie
of Numbers, and 1o, or 7,0t 1§, ot any
Other Number mulriplied by the Logarithm
of 106, taken from that Scale of Lines all at
Otice, is cqual to fo many sepetitions 3 and
Confequently more exa, becaufe of the dif-
Culty of taking the 10, 12, or 1§th part
of any Number whacfoever ; and obferve;
That o much as you etr in the firft, ‘it will
¢ 10, 12, or1§, or2o rimes fo muchat
laft, which may be confiderable in this.

Problem IV
A yearly Rent, or Anmuity being forborn a
certain ngmper of years, to find wha thé
ﬁrr._:ar: thereof will amapnt wnto, Ac=
cording to any rate proposudede. .

Firft, you muft find out ‘the Pﬁhqipal-
ohfiey, Xm anfwers to the Reit, of An-
ity jn queftion ; then Fid' thefum of
Y 2 I Vg
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that Principal an llf:; }u the end of thf
term given, at the rate propounded 3 th";
the Pxincipal taken out of this fum, both ©
Arrears and Principal, the Arrears dot®" |
main, which is the fum you look for, '
Example, :
Suppofe a Landlord live far from b
Tennant, and yet judging his Tennant ho”
neft, and able, is content to take his Reo®
once in every fourth year, which fhould b¥ |
paid every year, or every quarter of e |
year 3 and fuppofe the Rent be x0 /. per 47
wum, and. the rate of profic, for the for |
bearance, be 8 per cent. ‘
Firft, to find the Principal for x0/ § |
amum, at-the rate of 8 /. per cemt. S4
Af 8/, have 1¢0 for his Principal, whé*
{hall xo /. have ? The Anfwer will be 12§ 7
for the Excent from 8§ to 100, fhall read’
from 10, the fame way, to 125; thenby |
the 2d Problem of this Chapter, x25 /. for”
born for four years, will come to x70%
whichis 1704 05, od. from which fum:‘c
you {ubftrak 125 /. there remains 45 4 & |
Arrears for 10/, per annum forborn foo* :
years, at the race og 8 per cemt. i
But if you would have the profic of th
Arrcarages, fuppofing 2 L.—x0 s, thed®
part of 10 L per anmwms to be paid quartert)?
and to coynt Uife upon Ufcat the rate a}vq"‘;
S i 3
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fild, then )rouw[jllgﬁ;);d}thc Principal and
r."rears tobe x7xl. 165. Forif you mul-
'pl ©086, the log. of 102 1. the Intere®
. . rincipal of-xocl, fora quarterof a
| Tt by 16, the quarrers in four years, it
Wil e 1376, which Number taken from
< Line of Lines, and laid from x120,0n the
e of Numbers, fhall reach to 1712, or
711, 3o, being 305, more than the for-
Mgy fum, when 150 |. the Principal ista-
Maway. the refidue Arreares is 461, 105,

‘ O!”l
| b I you turn the diftance on the Num-
le S between yooand 102, 16 times from
| 255 which you may helpthus; turnfirft
ey e then take them 4 times in one Ex-
ff]"r and turn 3 rimes more, and you will

Wat 2751 the Anfver required,

Problem V,
A yearly Rent, or Annuity proposnded, to

find the worth thereof inready Money,
af any rate whatforver.

Firft, by the g¢h Problem, find the Ar.
| s thar thall be duc ac theendof the

‘“’fﬂ, and ar the rate propounded 5 then by
the 3q Problem, find what thofe Arrears
% worth in ready money, which fhall be
*he worgh of the Annuity,or Rent required,

: X 3 Example.




[ 326 ]

’ | Example.

% 9 kere 55 a Lzafe of a Houfe or Land worth |
12/, per annum, and there s 16 yeat!
yet to comes which Leafe aman woul
buy, provided be wiay lny ont bis monc) i
gain after therate of 10 . ptr eent 2 1 ¢
gueftion is, What 5 stworth 2

_Firlt, by thelaft, it xol. have 100 for
his Principal, What (hall 12 ? the Anfwet
I is120 3 Then by the {econd pare of the |
. fecond, 5201 forborn x6 yeats, comes®
| ss1l. the Principal and. Lncerelt : from
| svhich fum, taking 320 I. the Principal,ther® |
1 remains 43 the Arxears, Then by ¢he thif
| ! Problem find what 433 due 16 years @
hi come, is worth in ready money 3 and th°
h Anfwer will be ar 10 in the 100, 93*
b

| 345,
1 Alfo berein obferve, That if there be anf
i Reverfion of a Leafe to be expired, before a
i | may be injoyed 5 then you aré to find
worth of :43x L. after fo many . years mo
as fuppofe it be § years before the Annuit
fac;—:,in:, then find the worth of 431, g0k
born 21 years, which will be §8 1. 45

g€ ¥

Problem V2
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, Prablem VI
A [um of Money is propounded , and the
rate wherehy a man intends to Purchafe,
to find what Annuiryy and how many
7;47-: to continue, that [wm of mancy wil
By,
Takc)any known Annuity at pleafiire,
and find by the laft, the value of thatin
teady moncy, then this proportion holds 3

As the value found, 1s to the Annuity
fapoofed 5 :

So 1s the fum of money to be improved, to
the Annuicy required,

Example.
What Annuity, ro continne 36 years, will
500 L. Purchafe, whereby a man may
gain after the rate of x0 L. per cent 2

_ By the laft Problem Tfind, That 93 I.
14s. will purchafe x21, a year, for 16
years, at O per cent.

Therefore,

TheExtent of the Compalles from 93 1.
75 to 12 1, per annum, fhall reach the fame
from 500, to 64 1. per @mmum, For fuch an
Annuiry, to continue 16 years, will goo .
Purchafe; to gain 101, per annums,y per cent.
OF your Money,

Y 4 Problem VIIg
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Problem VII, -

Or, firft rather ;
Lands or Honfes, [old at any certasn s |
ber of years Purchafe ; to find what 1BF |

value of the whole will be ?

The ufaal way of valuing Land of
Houfes, is by the years Purchale, and Land
Fee-fimple 1s ufually vallued at 20 year®
Purchafe ; Coppy-hold-Land, at 1§ or 16
years Purchafe 5 and good, ftrong,and neW
Houfes, ac 12, 13, or 14 years Purchalt
for Bee-fimple.

But a Leafe of 2 Houfe of 21 years abou
7 years Purchafe; and aLeafc of 31 yeats
about 8 years Purchafe, rather lefs that
more; and a Leafe of 60, or 100, 50F
worth above 8 % years Purchafe,

Again,

The ufual profic :{llowed for Land inFet*
fimple, is notabove ¢ 1. in the 100 per ##°
num, becaufe of the cerrainty thereot 5 10
Coppy-hold Land, full 61, in the xoo pf’
annwm ; for the beft Houfes, 7 and 81 9 |
the 100 Fee-fimple.

But in laying out Money on Leales, ¢ithe®
of Land or Houfes, Men fhall hardly be/*
vers, if they gain not 8, 9, or 10 in the 169

per annwm, for thelr Money ; The Icaf";
2 an
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g demonftration ifhﬂ'eof, you may read
large in Mr. Phillips his Parchafers Pa-
ry, .

Thus the number of years Purchafe a-
8teed on, (which ought to be cleer, from
Quit-rent, and Taxes, andthe like; the
Rent is ufually various, according to the
Place, and time where, and wherein, the
Purchafe fhall happen tobe) then to find
the quantity of the whole Purchafe,

Say,

As 1, to 20,18,15,14,12,10,0r 8, the
number of years Purchafe, for Fee-
fimple, or Coppy-hold Land , or
Houfes Fee-fimple, or Coppy-hold 5
For Leafes of 60, §0, 40,0r 30 years,
Or 21 years 3

So is the yearly Rent tothe whole value,

Exampls.

A Parcel of Land worth 30 /. per annum
Pee‘ﬁmPka valued at 20 years Purchale,
will amount to 200 1,

For,

The Extent from 1, to 20, will reach the
fame way from x0 10200, the whole price
of 20 years Purchale, at 50 L per annum.

A ——

CHAD,
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A CHAP, XIV,
The Ufe of the Line of Numbers
iN
Military Queftions.

Problem 1.
Any Number of Sowldiers being proposnd

! ed, to order them into a Square Battt
I | of Men; that s, mmany in Rank #
I - i1 File.

3 Frﬂd the Square-root of the Number of
I X Souldiers, and that fhall be the Num-=
ber of Men in Rank and File required.

As fuppole it were required to order
1770 Men, in the order abovefaid, yo!
fhall, by che 8*® Probl. of the 6" Chapt.
i ‘ find, that the Square-rootof 1770 is 42
- and 6 over, which here is nor confider=
| able,

Problem 1.
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iy

: Problem 1L,
Any number of Souldiers proponnded, ts
order thems into w double Battel of Men ;

that 4 to [ay, twice @ many in Rank as
File, ‘

Find ‘the Square-root of half the Num-
er of Men, and-that is the Number of
M‘cnr}l; inBile, and the double the Number 1n

2

As for Example, :

If 2603, were fotobe placed, the half
of 2603, Is 1301 ;- whofe Square-root by
the 8¢h of 6th, is 365 the number of Mcn

mnFile ; and 72, thedouble thereof, isthe

number inRank, For if you {hall mulciply
72 by 36, the Produét is 2592, almoft the
number of Men propounded.

] Problem IIL.
Ay Number of Souldiers being ropound-
¢dy to order them into a i‘ﬂd””f’{‘

Battel of Men 3 viz. 4 timesas mar) i
Rank as File.

Find the Square-root of a 4th part of the
Number of Men, and that fhall be the
Number in File s and 4 times fo many the

lumber in Rank, e
: s So
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Sothe 4th part of 2603, is 6505 whole
Square-root Is 25 % | and 4 times 2§18 100,
the Number in Rank,

Problem 1V.

Any Number of Souldieys being given, t0°
gether with their Diftance one froms ano-
ther in Rank and File, to order thew
into & Square Battel of Grownd,

As fappofe Twould order 3000 Men fo,
that being 7 foot afunder in File, and 3 foot

apart in Rank, che Ground whereon they
ftood fhould be Square. ;

Extend the Compaflcs from 7 foot, the di-
ftance in File; to 3 foot, the diftancein
Rank ; then that Extent applied the fame
way from 3000, the Number of Souldiers,
reaches to 1286, whofe greateft Square-

Yootis 35-7 5 that is, 35, the Number of
Men to be placed in File, .

Tlm:;,
If you divide 3000, the whole Number,
by 35-7, the Quotient is 84, the Number
in Rank, to ufe and imploy a Square plac of
ground to ftand in, '
As 7,10 35 fois 3oco,to 1286, whole
Square-rodtis 35-7, Then,
As 25-7,t0 3 5 fois 3000, to 84,
: Problem _V'




L3331

Pro;t)lem V.
“Any Number of Sowldiers propounded, to
erder thems snto Rank and File, accor=

ding to the xakio of any iWe Numbers
given.

This Queftion is all one with the for-
Mer,
For, )

As the Number given for the diftance in
File, is to that for the diftance in
Rank; :

So is the whole Number of Souldiers to
a 4th, whofe Square-root is the Num«
ber of Men in Rank.

Then.

The whole Number divided by the Num-
e InRank, the Quotient 1s the Number to
¢ placed in File,

Example.
Suppofe 3000 Souldiers were tobeor.
dered in Rank and File : As § is to ¥0,07 as
§ is to 9; thacis tofay, thacche Men in
Rank, might be in Proportion to them in
File, as g isto §.
Say thus ;
As'the Extent from §, to 93
Sois 3000, to §400, whofe Square-root
is 73 1, the Number of Men 1n Rank.
s Then,
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Tb‘”q
As 731, 9015 |
Sois 3000, to niedr 415 the Number 1 '

PIIC. y

Probfeu‘f VI,

There are 8100 Men to be ordered into#

" Square Body of Men,  andto bave fo
many Pikes, as to arm the main Squart,
Body rownd about, with 6 Ranks ®
Pikess the Queftion 3, How mal)
Rarks mnft be inthe whole Sqmware B4
tel 2 And, How many Pikes and M
quets ?

Firft, the Square-reot of 8100, is 99
the Number of Men in, and Number ok
Ranks and Files 3 now 1n regard chat thes
muft be 6 Ranks of Pikes round about th¢ |

" Mufquetiers, there will be 12 Ranks Iefs0 |

them, both in Front and Flank, than inth®
whole Body ; therefore. fubftracting of 1%
from 90, reft 78, whofe Square 1s 6084
the number of Mufquetiers; wlyich take? |
from 8100, there remains 2061, thenu® |
ber of Pikes, »

Problem. VI



|
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Problem VII.

To three Numbers givens 10 find & fom;lb
in & doubled Proportion.

q For as much as like Squares, are in
ﬁgll‘ole the Proportion of their anfwerable
q.55 thercfore you muft work by their
Quares, and Square-roots

But by the Line of Numbers, ix this
: MAnners

If a Fathom of Rope, of 6 inches coms
Pals aboyt, weigh 6 pound, 2 ounces, ( or
6-riy " hat fhall 2 Fachom of Rope of
12 inches compals weigh ?

Here Note alwayes, That when the two
I\!Uﬂl’ﬂm’s of like denomination, which are
given, are of Lines, or fides of Squares, or
Diameters of Circles then the Excent of -
the Compaffes upon the Line of Numbers,
from one Line to the other, or from one
fide to the ether fides that Extent turned
twice the fame way fromthe given Area, or
Content,r fhall reach ro the other required =

So here,the Extent of the Compafles from
6 to 12, being turnedy two. times the fame
way from 6-325 , (hall reach to 24-59, for
24 pound and a halfthe weight sequired.

But
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But if the two terms given of one def®”
mination, are of Squares, or Superficies, °
Areas 5 then thehalf diftance, on che Lif° |
of Numbers, between one Area and che &
ther, being tutned the fame way ontht |
Line, fromthe given Line or Side, it
reach to the Side, or Line, required,

For the half-diftance, between 24-§9
and 6-12y, fhall reach from 12 w63 ¢
the contrary, fromé to 12, |

An Example whereof, you have in 1|
4th and gth Problems of the x2th Chapt®'’
Alfo, in the 6th and 7th Problems of ic |
8th Chapter, which treates of Superficis” |
meafure, in meafuring of Land.

Note alfo, That if you have three Lin® |
of Numbers, viz. aGrear, a Mean, and ?
Lefs; after Mr, Windgates way ; then thelt |
Queftions are wroughr wichour doublings
or halving, and very neatly and fpeedily.

oAs thus ;

The Extent on the mean Line , fo®
24-5C, to 6-x2y, theweicht of the tW’ \
Ropes, fhall reach on the great Line, fro® |
12 t0 6 3 or from 6 to 12, the inches in co™ |

afs about of'zach Rope, |
A orge o mm e Problem vilk
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Problem VTIII. _
Totbree Numbers given, to find 4 fourrh
in & tripled Proportion.

For as much as like Solids, arein a tripled
‘roportion to their anfwerable Gde ; the
“ubes of their fides are proportional one to

Wother ; therefore, to work thefe Que-
1ons by the Line of Numbers, do thus ;

‘When the two given terms, of like deno-

Mination in the Queftion, -are of Sides,
“nes, or Diameters 3 then the Excénc of
¢ Comgpafles, on the Line of Numbers,”
Tom one fide to the other, thatis, from the
"de, whofe Cube or Solidity is alfo given,
 the other 5 the fame Extent, turned three
Smes from the given Cube, or Solidiy, fhall

ach to the inquired Cube, or Selidiry:

As for Examples
If a fide of a Cube, being 12 inches,
“ONtain in Sofidity 1728 cube inchesy How
Pany inches is thete in a Cube, whofe fide
3 81nches ? ' The Extent from 12 a8, be-
g turned three times from 1 728, thall

- Yeag

Qo h to gx2, the Solidicy required of the
80¢, whofe fide is 8 inches -every way,

Z Azaing




~E 388]
Again, onthe contrary.

When the two terms of the fame denomi
nation, are Cubes or Solidities, then divide
che fpace on th#Line of Numbers, berween
thetwo Solidities, into three equal parts;an
lay that Exteat the fame way, as the reafont
of the Queftion doth require, eitherincres”
fing ex duminifhing, from the given Side of
Line, and 1t fhall reach to the mouire
Side,'or Line.

Examwple,

It 1728, be the Cube of 12, the Root of
fide 5 whart fhall bethe Root or fide of 864y,
the half of 17285 being half a foor o
Timber 2« The Extent between 1728, an
864, being divided into three parts, an
that third part, Jaid decreafing from 32;
thall reach to 9-525, the fide or root requi-
red of half a foor of Timber, though not
exactly, yct very near,

Again for another Example.

. If an Iron Bullet, of 6 inches Diameter”
weigh 30 pound 3 what fhall a Bullet of
7 inches Diameter weigh ? The Excent from

6107, fhall reach, being turned thee

times, to 47-7,
: Again,
I a Ship, whafc Buxthen is 300 Tun, b
: 75

-
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75 Foot by the Keel ; what fhall that Ship
be, swhofe Keel is. 100 Foor? . The Esteny
between 75 and 100, turned three times
from 300, fhall reach to 713 Tun Bur-
then, iy V
Rl ‘ A.eﬂ'l.ﬂ)

If a Shipeéf 2y Foor and ahalf arthe
beam, be 300 Tun Burthen, whatthall 5
Ship of . 733 Tun burchenbe 2 The third
Partof the diftance becween 300.and 713,
fhall reach from 29.% to 39-35,.its mea-
fure ar che beam.

. Again,

If"2 Ship of 306 Tun be 13 Foot inhold,
}@'h‘:u thall a Ship of 713 Tun be i hold ?
I'ie third part betweéen 300 and 713, fhall
teach from 13 foot, to 17-35, the Feet
1 the Hold of a Ship of 713 Tun. '

I£. you hayedsreble Ling, then youmay
fave the dividing, by taking from the liecle~

e, and meafuting on the great-Line, and
the contrary, s tht nature of the Queftion

Oth require. :
" Laftly,

Know, that by adding of ttwelve Centers
30d Points, the Line may be made to {peak,
Sitwere, and fo made more fic for any
Mats more particular occafions,

%2 A Brief
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A Brief Touch of the #fe of the Los
garithms, or Tables, of the Ari-
fieial Numbers; Sines; and Tan-
gents,

¥ See morein Gunter’s Works.

T may lrappen; thatfome may meet with

this Book, that had rather ufe the Tables

of Logarithmys, fro whence thefe Lines are

framed, than the Lines on the Rule ; or out

of cutioficy 1o prove the truth of their worls

for whofe fakesT have added thefe following
plain Preceprs, wichout Examples.

1, To m}s!c:'plf one Number by another.

Set the Logarichim of the Mulriplicator;
and Multiplicand, right under one anothers
and add them together, and the fum isehe
Logarithm of the Produét,

2. To divide one Number by another,

Set down firft the Logarithm of the Die
vidend, and cthen right under it che Loga~
rithm of the Divifor, and then fubftract
the log, of the Divifor, from ghe log. of the

' 1 Dividends
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Dl‘rldcnd and the remainder is the Log,. of
the chu:n: required.

3+ To find the Square-root of @ Number.,

Half the Logarithm of the Number gi-

en, 1s thc wholeLogarithm of the Squarc-
Toot of it,

4. To find the Cubickzroot of a
Number,

Oue third part of the Logarithm of the
given Number, is the full Logarithm of the
Cubick-root of the given Number, as a
third of 14313637 3 the logarithm of 2715

©-47 71212, the Log. of 3, the Cube-root
of 27, required.

y

5+ Ta work the Raleof Three direlly or
" three Numbers given, to find a 4th by
the Logarithms.

. Set down the Logarichms of the 1, 2, &
3 Numbers, one right over another ; then
dd the logarichms of the fecond and chird
together 3 and from the fum, fubftradt the
logarithms of the firft, and the remainders
18 the logarithms of the 4threquired.

Z3 .+ 6. When
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6. When in common. wArithmutick_the fi-
sond term i divided by the firft, and the
LQetotient multiplied by the third.

Then by Logarithms,

Take the Logarithm of the firft term,
from the Logarithm of the {ccond ;- and add
the difference to the log. of the third, and
the fum is the log, of the 4th,

7. When in common Arithmetick the [e
cond term is divided by the firft, and the
third bythe Quotiént,

Then take the log. of the ficond, from
the log. of the firft term 5 and rake the dif-
ference out of the log. of the third, and the
remainder is the log. of the 4th term re-
quired, ‘

8. Between two extream Numbersy to find

a mean Proportional,
Add the logarithmeof +# o extreant
R CEENHETERE . {urm is the
wquired.

9. To
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9, Towork the Rule of Three inthe Lo-
garithms of Artificial Numbersy Sines
and Tangents.

5. When Radius is the firft terms.

Add the Logarithms of the fecond and
third terms together, and Radius, or a
unite, in the firft place, taken from the
fum, there fhall remain the logarithm
of the 4th term required; according
tq the yth Precept.

2, When Radins # inthe fecond place,
or term,

Then the firft term ( and fecond virtually)
taken from the third, cutting off 2 unice
in the firft place for Radius, is the
4Eh ‘term,

3« When R adins 1 in the third place.

Then fubftraét the logarichm of the fecond
ter, frorp the log, of the firft term,
cutring off 2 unite for Radius, and the
remainder is the 4th term.

4. If Radims be none of the three terms,

Then add the Logarichms of the fecond
and third terms; and from the fum,
Z 4 fub-
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fubftratt the logarichmof che Grlk cormy
and the remainder is the logarithm oF
the 4th term.

5. Or elfe.

Sct down the Arithmetical complement of
the firft term, and the logarichms of the
{econd and third term, and add all ro

gether, and the fam cutting off Radiusy
isthe 4th term,

10, When the Number is not to be
found in the Canon of Logarithms of Num-
bers, Sines, or Tangents; take the pext
neareft, or for more exaétnels ufe che part
proportional. :

11. Though Numbers and Sines, ©of
Numbets and Tangenes are ufed togecher, the
work isall one, as with Sines and T?gcntsa
as to the Precept in working, (i

x2, In ufing the Logarithms, great r¢-
gard is to be had to the Index, or Cha”
racteriftick,to rule in the Number of placesy
the Charalteriftick being one unite lefs
than the Number of places to esprels that
Number 3 thus the Chara&teriftick of
3-5932861, the logarithm of 3920 is 32
being onelefs than the Number of places if
3920, which confifls of 4 figures.
ok SNy UL CHAP,
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CHAP. XV.

Theufe of the Triviguler Qua-
drant, in Geometry, and A-

ftronomy.

Ufe L '
The Radins of a Circle, or Line being gi-
Ven, to find readily, any required Sine,
Tangent, or Secants or Chord, to that
Radim.

Andfirft, todoit by the Quadrantal- By th'Ii

‘ ﬁdt. anguler- .

Quadrants
_ FI:[’:, If your Radius happen -to be e-
qual tothe greater Scale of ( Ali-

tudes or ) Sines, #fluing from the Center, Sin®s:

then the mealure of any decree or mi-
Nujte, from the Center toward the head,
thall be the Sine, the mealuie from the
Center-point 2t 60}0, on the degrees, to
ny degree and minuic regiiied,  fhall be
the




Tangeat.

Secant.

Chord, .

Stnes,
Tangents.
Secants,

Chards.
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the Tangent to the fame Radius; and the
meafure from the Tangent to the Centely
fhall be the Secant, to the fame Radius:
And if you haveanIndes, ora Bead upon
your Thred, and fec the Bead, when the
Thred is drawn ftreight, tothe Center 4¢
6olo on the degrees or Tangents, or @
the Sine of 90 3 then if you lay the Thred
to any Number of degrées  and minuit$
counted from ga, and there keep it 5 chen
the extent from che Sine of 99, to the Bead,
fhall be the Chord of the Angle the Thred
15 laid to, to the Radius of the greater
Seale of Sines, iffuing from the Center.
But if this happen to be too large, then
theother lefler Line of Sings,  iffuing up-
wards from the Center, being about one
third part of the other, hath firft it (el for
Sines; {econdly, the degrees on the loofe-
piece for Tangents, connting from the Cen-
terat 6o thirdly, the meafure from tbe
Tangent , to the Center, for a Secants
fourchly , the Bead and Thred, fof #
Chord, as before; - all at once' to’ one Ra=
dius, clearly and diftin&ly, wichout any
Hiterruption, to 7 § degrees of the Tangent;
or'Sccane,

But if any other Radius begiven, then
they will not be had fo readily altogethory
bucthws in order one aftcr another, Eﬂ

: I
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| gy for the Sim’E by the Triangnler Qua:
d’am, '

2 Take the Radius between your Compal
1. ~Ctone foot in 'gc, with the other lay
kle Thred to the neateft diftance, and there
Cep ¢ 3 then rake the neare{t diftance from
theSine of any Ark or Angle you would
‘e, and that fhall be the Sine of the Ark
0 ngle required to the given Radius.
L in. > But by the Sector-fide work thus,be- 5
| "&near alike, fic the given Radius in the gofors
¥ *arallel-fine of 90 & 90 3 then take outfid.
i I)?lrallt:l-fme, of the Ark or Angle re- g7,
lired, and you have your defire,
2+ Alfoche Sector being fo fet, if you rangenr,
ke our any Parallel Tangent under 45
You have that alfo to the fame Radius, '
2. Alfo,if you would have any Tangent zan.to 75.
Uder 76, a5 the Sestor {tands, take out
- 1he parallel Tangent thercof, and that (hall
the 4th part of the Tangent required to
the fame Radius, and is to be turncd 4
Umes for that greater Radius,
4. Alb, if You want a Secant undcr Seeant.
Odegrees 5 at the fame Radius 'take out
the parallel Secant of the Ark or Angle re-
JUired s and that fhall be the half of the
Scant required 3 for note, the Secant of
*Medegree is more than Radius 3 ‘and why

)




By the
Lines on
the Edge.

Sines.

Tangent,
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I ufe a half, rather chad 2 4¢h part, in 0%
you may well fee. P
By the Autificial Numbers, Sines, a0°
Tangents, this cannot properly be doné?
only thus you may do by them, counti#?
your given Radius ( be 1t great or liede/
10000 parts,youmay by them find our read”
ly how many of them pares will go to ma*®
the Sine, Tangent, or Secane, to any Na®
ber of degrees and minurs, s rhrss
Take the diftance from the Sine of 9%
on the Artificial Sines, to the Sime of a8}
degree and minuit required; and fer t®
fame diftance, the fame way, from 1000 {];c{
Line of Numbers, reading it as a Scale?

- equal parts, and that fhall be che Narur?

Sine of the degree and minuic required.
Or,

If youlay a Squareto the Sinegiven, 07
the Numbers, it cuss the Natural Sine &
quired,

E.‘t'ample.

Right againft che Artificial Sine of 3%
on the Line of Numbers, you find 50002
which is the Natural Number thereof.

But, if you meafure this diftance from

0, in the Line of Lines,, it will give th
Logarithmal Sine thereof, piz. 69897

~And che like for the Tangent alfo, und®
45, in the famic manner. e
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|~ But for the Secants, i‘md, for the TansSeeants o

Misabove 45, you muft coust thus 3 g’:;i’;*‘; :

Mfafurc, as before from 90, to tbe Co- iy
e of the Angle, required, for a Secant;

"4 from 45, to the co-Tangent of 45, for‘

angent 3 This cxtent laid the contrary

Y3y from 1, in the Numbers, thews how

Any Radiufles, and alfo how much above

?dius, you muft have to :Ta:tl-(:'u;} tl_u:
Natural Tangent, or Secant required, n

Umbeys,

Example.

The Secant of 5o degrees, and the Tan-
St of 57 degrees, 16 minuts, being near Artificial-
ke, is's Radius 55565 for the Natural legarithms

Umber thereof: and this diffance mea=

Ured on the Line of Lines, givesRadius
tcaufe above 45, and 1919 3 more for the

rificial Tangent of §7-16, or theSecant
% 5o degrees.

This have Lhinted, in the fisft place,that
shereby you might fee the nature of the

ines, and the making of the Inftrument;

With its great convenience in the Contri-

yance of the Work on both fides, and the

t“mony, and proportion, the Natural way
ath to the Arnificial; alfo hereby you may

Xadily prove the truth of your Inftrument,
Sing an equilatteral Triangle, whether you

Sle che greacer or the lefler Sines3 For che

meafurs




of the

wruth of
- he Inftrita

fent,

." 5

- 00|60 on the loofe-picce = Alfo, the Ra-

: [ 350 4|
The. proof mealure from the Center, where the Tht®|

is faftencd, to the Center-point of Brafs @
the moveable-leg, and loofe-piece at 60 9
the degrees, oughe to be equal to each Li*
of Sinesy and allo to the Tangent of 4
on the Tangent Line ; The meafure fo™ |
the Center to the rectifying-point” on #°
Head, at the meeting of the Lines for, th |
Hour and Azimuth, and the Lines forth
Stucs and Lines, 1s equal to the Tangent? |
twice 30 on that piece,
_ Again, .

The meafiire from the Center; to te
rectifying-point on the end of the Head”
leg, fhall reach from thence to 30 on ‘hrf
l‘oo{e-piEcc 5 and being turned tche,rc:lfhcz

dius, or Tangent of 45, turned twice fro |
©]60 on the loofe-picce, fhall reach to 75
as by comparing the Natura] Numbers 0
gether, will moft exaltly apfiaay s Thou.—":l:
Eerhaps without this hine, if*mighe n0°
avebeeen obferved by an ordinary cye,
Having been fo large, and plain, in ¢
firft #4f¢, 1 thall be, I hope, as plain, thoug
far more brief in all the refty for if yo*
Yook back to Chapt. VI, Probl. 1. Se&. 3
you fhall there fee cthe full explaining of
Latteral and Parallel, and Neareit-diftances

an
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1 how to take them 3 the mark for Latteral
g thys ——:  The mark for Parallel
| M= Neareft-diftance thus N D, &,

Ufe IL. a0
The Sine of ‘any Ark or Angle given, 1o
find the Radiss to it

Take the Sine berween your Compaffes, Quadyant.
Ud ferring one foot of the Compales in
the given Sinc 3 and with the other Point
lay the Thred to the neareft-diftance; and
there keep it then the neareft-diftance
1om the Sine of 90 to the Thred, fhall be
the Radiuis required.
ake the given Sinea Parallel Sine, and Sester.
then take our the Parallel Radius, and you
ave your defire.

The Astificial Sines and Tangents, are not
Propes for thiswork, further chen to give
the Natural Number thereof, as before ;
:herctgre_ I fhall only add the ufe of them
When i is cofivenienc in the fit place.

Ufe TIT,

The Radims, or any known Sine being gi-
ven, to find the quantity of any other
unknowy Sine, tothe [ame Radins.

Take the Radius, orknown Sine given, Quadrs




Sedfor.

2

and make it a Parallel in iihe Sineof go ff
Radius, or in the Sine of the known Anglt
given, and lay the Thred co ND. = Thefs
take the unknown Sine between your Com”
pafles, and carry one Point along the Lin€
of Sines, till the other foot being tursel
abour, will but juft touch the Thred 5 the?
the place where the Compaffes ftayes, {hal

be the Sine of the unknown Angle requit® |

ed, to thar Radius or knownSine.

Make the given Radius a Parallel Radiv’
or the given Sine a = Sine; n the anfwe™”
able Sine thercof : Then, taking the w”
known Sine, carry it parallelly along th*
Line of Sines cull ic flay in like parts, which
pares (hall be the Numerator to the Sine r¢”
quired.

Ule 1V.
The Radins being @iven, by the Sines alone
to find any Tangent or Secant to that
Radiry.

Quadrant: Take the Radius betireen your Compaflcss

and fet one Point in the Sine complement
of the Tangent required, and lay the Thre

tothe ND; then the ND from the Sin€
of the Tangent required, to the Threds
fhall be the Tangent required : And che ND
from 90, to the Thred, fhall be the Secan

requireds ;
Make
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b Make the given Radius a = in the co-Sedor;

:;.1“& of the Tangent required 5 then the=

ohe (of theinquired Arkor Angle ) fhall
Cthe Tangenc required; and — go fhall
©the Secant required to that Radius,

Life V.
“ny Tangent or Sccant being given, to
{ind the an[werable Radins 5 and then
@ny other proportionable Tangent, or
Secanty by Sines only,
¢ Fuft, if it be @ T angent that is given, Q uadr,
;;‘nzlt bcgwrze_n yout Compafles, and fet-
B One foot in the Sine thereof, lay che
!hhr:d to N D, then the = Co-fine thereof
al‘l be Radius
uty if jrbe a Secant, take it between
¥our Compailes, and fer one foot alwayes
:“190, lay the Thred tothe ND, then the
,lltartff diftance from the Co-fine to the
hred (or the = Co.fine ) fhall be the
Radius required.
Take the given Tangent, ‘makeit a — in Sedor
the Sine thereof 5 then the — Co-fine there-
of fhall be Radius. - :

Or, if it be a Secant given, then
Take the given Secantymakeita = in go,
Aa than




Quadr,

Sedtors

Quady.

thenthe = Co ﬁnesthereof, fhall be the
Radius required. : '

Then having gorren Radius, the 4th Ui¢
fhewes how to come by any Tangent, or Se~
cant, by che Sines only.

Ulg VI
T o lay down any Chord, to any Radiws 3
tefs thenthe Sine of 30 degrees.

Take the given Radius, fet one Point 18
the Sineof 30, lay the Thred ro the N‘D
(and for your miore ready fetting it agaifly
note, what degree and minuit the Thre
doth ftay at, on the degrees) and ther¢
keepit. Then the ND from the Sine of
half the Angle you would have, fhall b¢
the Chord of the Angle required.

Take the given Radius, and make ical”
wayesa == in 30, and 30 of Sines; the
== Sine of half the Chord, ' fhall be the
Chord reguired,

Ufe VII.

Tolay down any Chord 10 the Radiss of the |
whole Line of Sines. .

Take the Radius between your Comgﬂf“
fes, and lecting one Pointin o0 of the Snifﬁ;
ng-1 Y x a
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4y the Thred to the NDj, obferving the

Place, there keep it.

Then raking the — Sineof the Angle re-
Quired, withit fec one Point in theLinteto
Which you would draw the Angle, as far
tom the Center a¢ the Radius is 5 then draw
the Convexity of an Ark, and by thar Con-
Yexity, and the Center, draw the Line for
the Angle required.

Example,

. Let AB beaRadiusof any length, un-
€ or egual to the whole Line of Sines :
ake A B berween your Compaffes, and
Stingone Poincin 9o 3 lay the Thred to

D, then take out the == Sine of 38, or
*9Y other Number you pleafe, and fetting
o4¢ Point in B, theend of the Radius from
A the Center, and trace the Ark D' €, by
the Convexity of which Ark, draw the Line
AC for the Angle required.

Take the given Radius A B, miake it a Seftor:
=M 99, and 9o of Sines ;  then take out
= 38, and fecting one foot in B, draw
the Atk DC, and draw AC for the
Angle required.

Or ¢lfe work, thwi ;
Take A B, the given Radius, { having
rawn the Atk BE ) and makeita = in
ANa'a <7 the
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the Co-fing of half che Angle required ; and
lay the Thred ©o N D, (ox det the Seétor):
‘ Tﬁh;, :
Take the = N D, from the right-fine Qi
the Ano'e required, and ‘it fhall be BE;
the Chord required to be found,
Notey That the coutrary work finds
Radius. :
Ufe VIIL
To lay off any Angle by the Line of Tar

Zentsy’ or Secantsy to prove it.

Having drawn the Ground-Line, A B,

at the Point B, raifea Perpendiculer, as the
Line, B C estended aclength, then make
A B, the Radius, a = Tangent 45 and
455 then take out the — Taugent of th¢
Angle required, and layit from B to C i
the Perpendiculer, and draw the Line AC
for the Angle required, .

Alfo, If you take out the Secant of the
Angle, as the Sector ftands, and lay it rwice
inthe Line A E, ic will reach juft co C, the
Point required, '

Alfo Note, That if you want an Anglé
above 45 degrecs, as the Sector ftands, rake
the fame from the {inall -Tangenc that pro-
ceeds to 75, and turn thar Extent 4 gmes
from B, and it fhall give ¢he Poiut require
mche Luie BC, '

1 Ufe IX-
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Ufe IX,
I, lay dawn, or prows aét any Aagleby the
Txn{ga £ g on
Firt; make a
'AB('D, and !
tl:'“‘-'” making A ! S
0-fine (‘lf'.‘la: ‘ § Wit 1ave.—and
3y the Thre angce; t
dle ND from Zhl aine of the An
10 the Thred, ihall be the Tangenr yc-
Quired,

Example,
= Imake A B Radinsa— in g0, the co-
¢ of 40, then the = Sine of 40 fhall be
B

-

If I make AD equal to. A B, the =
€o-Sineof 30, wiz, 603 and then take out
the — Sine of 30, and lay ic frem D to F,
1t {hall be an Ansfe of 65 from A B, or 30
f T be 3
rom D toF,

oA gm. #,

Bur by the Seftor this is move eafie 3
For making A B, or A D, the fide of the
Squarc Radius, lay off the — Tangents of
any Angle under 45 from B roward C,
and the complements thereof above 45 from
> toward C, calling 40, 50 ; & 30,603
d 20, 70 5 10, 80, & =
Aﬂ. 5 ULC }-.




{3581

Ufe X.

To take out readily, any Tangent above 457
by the Tangent to 45 on the Seftor-[ide-

geglor.  Take the given Radius, make it 2 = in che

co-Tangent of the Tangent required 5 che?
the — Tangent of 45, fhall bethe Tangen®
required. .
Example.

1 would havea Tangent to 8o degrecs3
take the given Radius, make it 2 —1n 10
the complement of 803 then the = Tar<
oentof 45, {hall be the Tangent of 8o ¢
quired.

Jut if your Radius be {o big, that yot
cannot enter it, then take the half,. or#
quarter of your Radius, and then =45
will be the half; or the quarter of the Tas”
gentrequired.

Ufe XL |
How to wark_Propartions, in Sines alon??
by the Narural Sivess

There are 4 Varicties in this Work, that

include all Proportions, wiz.
4 hoic y. Whet
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. MWheu the Sine of 90 £ the fﬂ terms,
then the work, 15 thus

Lay the Thred to the fecond t term, count- .
®d on the degrees frox {ead, “towa
t“tlocfc-pme, and © che thi
On the Line of Sines
Vards ; and cai he neartit diftan
from thence to ! : ifance

n‘]eﬂfurcd from ey downwards, on
the Line of Sincs, gives the 4 4th term re-
Quired,

Examples

Take the Lateeral fecond te 11, make it S,
a=Sineof 9o ; then take out the = third
term, and meafuring it from the Ceater, it
sives the 4th term 1'an.1r_d.

When the Sine of 90 15 the third term,
thes wor r’ thiss 5 3
Take the — Sine, of thf f:c*md termm, ¢
ﬁ'cm the Center dentowar ds, and make 1t
a — Sipe in the firft ceym, la "y ing the Thred
to NDy then on thedegrees,the T hred
thall give the 4th term required.

Fag 357
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Example.

As theSineof 30, to 23-31 3

S0 15 the Sine of 90, to Sine of §2-5 06«
Bat by the Seitor, !
Seffor.  Take the — Sine of the fecond, mak®
it a = Sineof the firft term ; then rake 0¥
— 90, and meafure it from the Center, a1¢
it fhall give the 4th term required.Examp/?
as before.

$. Whenthe Radins, or Sine of 90, #4#
the [econd place, work, thusy
Quadr: Take — 9o from a leffer Scale, as the
uppermeft Sine above the Cencer, or the
Line of Right-Afcentions, or the Azimuth”
Scale, or the like 3 and make ira ==in the
Sine of the firft, laying the Thred to N Dy
then the — third term, taken and meafurec
on the fame Scale that 9o was taken froms
fhall give the 4th term required,

; Example.

As — 90, on the Line of Right. A fcent!-
on, 15t0=303 l

Sois=20. ‘r0 43-32, meafured on the
fame Line that 9o was taken from,

or
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Or sift fecondly, work thu ;
As — 30, to=90;
S0 i§ e 20, 0 = 43~12.

BY carrying the Compa[rcs till it fo ftayes,
% thac the foot turned about, wili but jufk
touch the Thred, at the neareft diftance.

Orelfe thus, tfn'rd!)l :

By tranfpofing the terms, when the third is
Yot greater than the firft : thas ;
As the firft, to the third ;
So is the fecond term, to the 4th
Where the Radius being brought to the
third place, it is wrought by the fecond
> ) g
Rule, a5 before.
Bythe Setor.

Take a fmaller ~— Sine of 90, make. it
a=1n 30 3 then the = Sine of 20, taken
and meafured on the {mall Sinc 5 Eives
43-12, as before,

Again,
As — 00, t0— 303
: So18=20, to— 43~12.
Again,
As—- 30, L0=0903
Sois == 20, 10 =43-12:
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Laftly, by tranfpofing,
As — 20, to =303 -
%015 = Radius, £0 —— 43-12 . as 0

Y |
tore, |

4+ When Radius 35 none of the given
terams,

, Quadr. °_ Then when the firft term is greater chan
il the fecond and third, work ths ;

Take the — fecond term, makeit 2= #
in the fift, laying the Thred to the N Dj;
then the neareft diftance, from the ¢hird
term, to the Thred meafured from che
Center downward, give the 4th Sine re-
quired, :

Example.

Asz20,to 123 {ois 18, to 10-50,

By the Ouadrant.

As — 12, t0 = 20;
So 18 = 18,10 10-§0,

When only the fecond term is greater |
than the firft, then tranfpofe the terms, and
work asbefore: Orelfe ufe a double Ra< |
dius, which is on this Inftrument very eafi-
ly done, having feveral Radiuffes. 2
I rs
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Or,

Iaaﬂiy, ufe a Parallel entrance, or anfwer
Tather, “as before, which being carcfully
Wiought, will do very well,

Bythe Settor.

The fame manner of work, is as before by
the Quadrant, and the fetting the Scctor,
5al] one to the laying the Thred, as will be
argely feen in all the following Propofitions,
Wrought both by the Artificial and Natu-
1l Lines, of Numbers, Sines, and Tangeats,
s followeth, ;

Ufe XIL ;

Haviug the day of the Morsz:, or Sun
place given, to find b Declination,

Lay the Thred onthe day of the Month By #he
in the Kalender, and in the Line of de- Quadr.
grees, on the Moving-lea, you have his De- 1":_',;”“’
clinarion, eicher Northw -;-kird’or Si 1::}1\-‘.'1rd, e
according to the aime of the year, counting
from 600, toward the Hrad, for Nosth-
declination 3 or toward theEnd, for South-
détlination.

1 B]




Bythe Ar!;fcml Sines and Tdnm'ﬂzs 0%
the Edge of the Inflrumtnt.

“ Extend the Compafles from the Sine of
90, to the Sine 0?23 degrees 3x minuth
the Suns greateft Declination : The fame Es*
tent applied the fame way, from the Sine 0

the Suns place, or the Suns diftance from the
nest B |¢ianLtl:ll point, fhall caufe the Mo~
ving-point to fall, on the fine of the Suss
declination 5 This being the general way 0

working.

Et’amplr.

The Estent from the fine of 9o, to the
fine of 23-31%, fhall reach from the fine of
30, O IX fh_". 3t min. the Suus declinati
on, 1fl Tasdrm 30 dearees from v Ariel
the nest Fq'mmd'ml pointy and from 60
dearees, the Suns diftance 10 w Gemsing 69
dcgm.s, from v 20 deg. 12 min. the Sun®
declination then.  This being the manner of
working by thefe Lines, by extending tht
Compafles from the firlt to the fecon
germ: I (hall for the reft wave this large
sepetition of excending the Compafles, and
reader it only thus by the words of &he
Cannon-general in all Books 5

As Sine go, toSine23-313
So1sthe Sineof 30, to Sine 1z-31.

Lay
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s Lay the Thred tojzg_ 3“;., on the degrees O:u_m;;. Ge=
“ the Moveable-picce, counted from the #eras:

tad toward the End § then cotne the Suns
Place from the next Equinoétial-point, on

¢ Line of Sines from the Center down-~
Yards, and take the N D from thence rothe
Thred-, then this diftance being meafured

tom the Center downwards, fhall be the
e of the Suns declinarion, required for
that diftance, from the next Equino&tial-
POINE 5 ( by the 15 Rule above[wd).

By the Seiior.

Take —— 23. 31, from the Sines, makeit
=1n the finc of 90 then the — fine of
the Suns diftance from the nexe Equinoétial-
Point, fhall be the — fine of the Suns de-
Slinarion ; Example asbefore (Rule the 15%)-

a

ufe XII1.

The Suns Declination being given, to find Ve
bis true place or diftance from v or =, =
the two Equinottial Points.

Lay the Thred to the Declination count- Quadr®

&d in the degrees from 6o|o, and in the Particu-
ine of the Suus place, is his true place re- baily,

Quired,

: Example.




Example.
When the Suns declination is 12 d¢
grees Northward, the dayes increafing, the”
the Sun will be 31deg. and 23 min, from
v, or 1deg. 23 min, in, his true plac®
required:
rsificiat. DS Sine of 23-31, the Suns greateft dé-
S\ T. ch_nanqn, toSine of go;
SoSineof 12-00, the Suns prefent de-

Y or &y 31-23,

. Which, by confidering the time of the

‘ year, giveshis true place, by looking on the
Months and Line of Suns place on the Qua
dranral.fide,

Ouad. Ge= _ Takethe — Sine of the prefent declin=

nerally. tion, make ita = Sine in the greate(t de
clination, laying the Thred toND; an
on the degrees the Thred fhall give the Sun®
diftance from v, or 5 required. Examplf
as before,

Sestr.  Make — Sine of the giveri Suns decling”
tion, a = §ine in the Suns gteatctt declina”
tion, then — Sine of 9o, meafured from ghe
Center, isthe — Sine of the Suns diffances
from v or =, required ; or count 30 dege
forone fign, and the Center for the next E-

B quin.oéhﬂi'

clination, to Sine of Suns diftance fro* |
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L4Noctial-point, and go for thetwo Tros
Micks of € ancer, and Capricorn. . vp.

ufe XIV.

The Sups place, or Day of the Month,
and greateft Declination given; to find
his Right Afcention from the {ame E-

g Binolbial.

Lay the Thred to the day of the Month, Particula
o place given , and in che Line of the Suns Quadr.
Mght Afeendion, you have his Rignt Afcen-
% in degrees, or hours and minutes, coun-
‘g 4 minurs for every degree,
Example.
On the pth of April, near night, the Sun

b.m”g then entring w5 the Suns Right Afcen-

Hon will be 1 hour 52 min, or 28 degrees
% Right Afcenzion, diftant from v,

As the Sine of 90, tothe Sine comple- drtificials
meat of the Suns greateft declination S. ¢ T.
(orC.S.) of 23-31, counting back-
wards from go, “whichwill be at the
Sine of 66=257))

So is the Tangent of the Suns diftance
from the next Equinotial-point; to
the Tancent of theSuns Right Afcen-
tion from the fame Equinoctial. point,

' ' ' Take




Quad. Ges

nerally.
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Take the — co-fine of the greateft
clination from the Center downwards, D¢
ing th‘t-—-ﬁnc of 66.29", make it 2 =
fine of 9o, laying the Thred to N D5 an
note what degree and minuic it-cuts, for th
1s fized to this Proportion 2 Then take th®
Tangent of the Suus diftance from the nes*
Equino&ial. point, from the Center at 6219
on the deBrees toward the End, and lay *
on'the fines, from the Center downwardss
and note the Point where it ftayeth, for th

N D from thence to the Thred, fhall be th®

Tangent of the Suns Right Alcention ¢
quired, s "

Note, Thatif the Suns diftance from Vs
or ==, be above 45 degrees, then the Tan”
gents on the loofe-piece, are to be ufed it
ftead of  the Tangents on the moveable”
leg,

Or, by Sines only thus

Or; Take —— Sine of the prefent S##
declination, makeira — in the Sine of the
Suns greareft declination, and lay the Thre
to N.Dj then take — Co-fineof the S##
greateft dechination,and make it 2 — 1n CO;
fine of -the Suas prefent declination , 20
lay the Thred to ND, and in che degre®
it cuts the Sums Right Afcention, requi-

red,
}{akﬁ
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Make 2 Co-fine of 23-3%; wizi the Sefar; 4.
®ight Sine of 66-29, a =fineof 9o, then :
E €= Tangent of the Suns diftance from

"y or wey 18 the = Tangent of the Suns

18ht A [cention from the fame Painc of Yy
© Lot asac 30 from g 11528 dc‘grtes, or
*hoyr and §2 minucs from v 5 (neer),

Ufe XV.
Hdb;ng the Suns Right Afcention, and

greaeft Declination, to find the Angle
of the Ecliptick and Meridian,

As Sine 90, to Sine 23-371 3 Art, Sige.
% is the Co-fine of the Suns Right AR
cention, to the Co-fineof the Angle
of the Ecliptick and Meridian.
Lay the Thred 23-31, tounted ofl Quad,
¢ degrees from the Head 3 then count the
o-fine ‘of the Right Afcention, from the
enrer downv:'ﬂrd, or the Sine from 9o
l’lP\i‘ards, and rake the N D from theiice to
the Thred, and meafure it from the Cens
‘r, and is fhall reach to the Co-fineof the
zle réquired,

Pll

1

Example,
The Right Afcention being 30 degrees
*2 hours, the Angle fhall be 69-50,

Bb Make

»
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Selfors Make the —. right fine of 23-31; 2=
fine of 90 5 then the = co-finc of 30, vi*-
—60, fhall make the — fine of 69-§07 |
the Angle of the Ecliptick and Meridian, |

' Ufe XVI.,

Having the Lasitude, andDeclination of
the Sun or Stars, to find the Suns®
Stars Amplitude, at r1fing or Sesting

Pariic. Take the Suns declination, from the pat*

Al Quadr-  ticular Scale of Sines; and lay it from 6,17
the hour or Azimuth-line, and it (hall givé
the Aniplicude from South, as it is figured; |
or from Eaft, or Weft, counting from 903 |
obferving to turn the Compafles the fam¢ |
way from 9o or 6, as the declination ¥
Northward, or Southwards.

Example.

The Suns declination being 10 degre®
Northward, the Suns Amplitude, or Linés
18 106~x2, from cheSouth, or 16-12 fro®
the Eaft-point,

; Asco-fine of the Latitude, to 8. 905 .

Arr.Sines. : s g 2
g €o is 8, of che Suns declination, toS. ot t
the Amplicude,

Quady. “Take the — Sine of the Suns declnd+
geaerally. tion, makeit a = inthe co-fine of the L#” |
A =1 titudes
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titide, and lay the Thred to the neareft Séffor]
diftance, and on the degrees the Thred fhall

ew the true Amplitude required.

Make the — right Sine of the Sunsdes
tlination, a— in co-fine latitude, then =
50, taken and meaiured from the Center,
Sives the Amplitude or Line,

e XVIIL 7
H.wing the [ame Amplitndz, and De=
clinationy to find the Latiude.

AsS. of the Suns Amplitude, to S, the 4/t Sine,
Swes Declination 5
S0is § 90, toCo-fing Latitude,

’ Take the — fine of the Suns declinati- Quadr;
915 fer one Point in the Sine of che Suns 4
Amplirade, Tay the Thred to N'D, and on
te dearees it ftheweth the complement of
*he Latituderequired,

2% Example.
T'he Declination being 20 degrees, and
_ the Amplitude 23-15, the complement of
the Latirude will be 38-28 — counting from
\ the Head, toward. the End,
. _ Make che right Sine of the Swns Declinas Sefia
‘ Uon; 3 —:fine in the Swm Amplitude -
‘ then the — fine of 90, {hall be the — coa
'+ M of the Laritude rejuired, '
Bb 2 Ule XVIIL




Ufe XVIII. 7

Having the Latitude, and Suns Deslind
tion, to find his o Alritude at Eait o
West, commonly called the Vertical-
Circle ; or Azimuth of EaSt or West.

Partic.Q. . Takethe Suns Declination fr_om_thc par-
ticular Line of Sines, fer one Pointin go'on
the Azimuth-line, and lay the Thred to the
N D; andon the degrees it fheweth the
Alritude required 3 counting from 6clo
toward the End.

ige.s, AsS.latitude S.of 903
Atlafe So S. of Swns dcclinarion, to S. Suns
height, at Eaft or Weft,

Gen.Quad. Takethe — fine of the Swws declinati-
on, make ita — in the fine of the latitude,
and lay cthe Thred to N D, and on the de-
grees 1t (hall thew the Suns Alitude, at
Eaft and Weit required,

Example,

Declination 1o. Latitude g1-32 5 the
Alritude is 12 degrees, and §o minuts.

As — 8, of the Swns Declination, 0
= §, of Lantnde;

Sois the ==S$. of 90, to — S. of Ver-

- tical Alticude, '

SeTors

Ufe XIXe
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Ufe XIX.
Hdving the Latitude, and Suns Declinati-

o8, to find the time when the Sun will
be dae Eaft or wefl,

Having gotten the Altitude by the laft Part. Q.-

Rule, take it from the particular Sine 3
then lay the Thred to the Suns declination,
~ounted on the degrees; then fewing one
Point jni the Hour-line, {025 the other rurm-
ed abour,(hall but juft touch the Thred and
the Compafs-point fhall ftay at the hour
alld_ minuit of tilﬂe I'C_IUI:‘C\-L

As Tangene latitude, to Sine g0 : Artificial
S0 is the Tangent of the Suns declination, S- & T.
to Co-fine of the hour.
07'3
As fine 9o, to Tangent Suss declina-
tion §
So is Co-tangent-lacitnde, to Co-fine of
the hour from noon,

Example.

Latirude §1-32, declination 30, the Sus
Will be due Eaft at 6-32, and Welt at
§=28,

Take the — Taneent of che Latitude (on Gen.Quad.
the loofe-piece, counting from 6o toward the
Moveable-leg ; or elfe from 6olo, on the

5b 3 moving-
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moving-leg, or degrees, according asthe
Latitude is above or under 4§ degrees) and
lay it from theCencer downwards, and not€
the Point where it ends. Then take from the
fame Tangent, the Tangent of the Swns dﬂ‘
clination, and fecting one foot in the Point
lafk noted, lay the Thred to ND, then the
= fine of 99, fhall be the — fineof the
hour from 6,

Or by the Sines only work thees ;

Take the — fine of the Surs declinations
make it 2 = in fine of the lacitude 3 lay the
Thred to N D, then take N D from the Co=
fine latitude to the Thred ; then fer on¢
foot in'the Co-fine of the Suns declination,
lay the Thred to ND, and on the degrees
1t gives the hour from noon, as it is figureds
or the hour from 6, counting from the heads
counting 4 minuts for every degree.

Make the fmall Tangent of the Latitude,
if above 45, taken from che Center, 2 =

finc of 903 then the — Tangent of the

Swuns declination; taken from the fame fma
Tangent, and carried Parallelly rill i¢ ftay
in like Sines, fhall be the Sine of the hour
from 6,

Ors

J
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Or, s before, by Sines only.
~ Make — firie Declination, a = fine La-~
titude 5 then take = Co-fine Latitude, and
make jra — Co-fine of the Suus Declinati-
oi; chen take =90, and lay it from the
Center, it gives the Sine of the hour from

ufe XX.

Hawing the Latitude, and Suns Declipa-
siony to find the Afcentional Difference,
or the Swns Rifing and Setting, anid
Obligue Afcention.

Lay the Thred to che Day of the Month, Parric.q.

(or tothe Suns Declination, or truc Place,or
to his Right Afcention ;. for the Thred bé-
inz laid to any onec of them, 1s then allo
laid to all the reft) then in the Azimuth-
line, it cuts the Afcentiomal diffcrence, if
it you count from 9o, or the Suns Rifing, as
you count the morning hours; or his Secting,
counting the afternoon hours.

The Oblique Afcention s found out for oblique-

the fix Northern figns; or Summer half-
year, by fubftrasting the Swns difference of
Afcentions, out of the Swns Righe Afcention.
But for the other \Vxl‘.\_;cr~halfyear, or fix
Southern figns, it is found by adding the

Bb 4 Suns

Afcention,




Arrificial ;
S-&Tan- " To is the Tangent of the Suus declinat
on, to the finc of the Suns Afcention?
difference.

G.Quad,
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Suns difference of Afcentions to his Right
Afcention this fum'in Winter, and the

yemainder as above-faid in Summer, fha

bethe Surs Oblique Afcention yequired.

As Co-tangent, Lat, tofine 9oy

Take the — co-tangent laritude, from
the loofe or maveable-picce, as it is above oF
under 45 degrees, ‘makeit a = in fine 90
lay the Thred to ND, then take the —
Tamgent of the Swns declination from the
fame Tangents, and carry it =il it ftay 12
the parts, cthac the other foot, turned about,
will bur juft touch the Thred, which parts
fhall be the Sine of the Suns Afcentional dit-
ference required.

Or thus, by Sinesonly;

Make the — fine of Declination, a =
Co-fine of theLatitude 5 lay the Thred ©©
N D, then rake the = fine of Latitude,
make it 2 = in Co-fine of the declination,
and Tay the Thred to ND, andon the de”
grees it thall cut the Suns Alfcentional-dif
ference required 5 * which being turned uieo
time,by counting 4 minuts for every degrecs

. .an

-




and added to, or tiken from &, gives the
Suns Rifing in Summer, or Winter.

Make the — Co-tangent Latitude, a == Sc#or.
e of poy then rake — Tangent of the
Suns declination, and carry it = til] j¢

ay in like parts, wiz. the Sine of the Syps
lcentional difference required,
Example otherwifes

As — fine 9o, to = Tangent 38-28 3

So is — Tangent of 23-3x, the Suns
l greareft declination, to the — fine of

the Swns greateft Afcentional dif.
ference, 33 deg. and x2 min,

Ufe. XXI,
The Latstude and Suns Declination gives,
t0 find the Sans Meridsan Altitwde.

When the Latitude and Declination is

th alike, wiz. both North, or both South;
t}}tn fubfratt the Declination out of the La-
titude, or the lefs from the greater, and the
remainder fhall. be the complement of the
Suns Mendian Alricyde, '

Bur when they beunlike, then add them
togecher, and the fam fhall be che comple-
mene of the Mendian Alticude :+ The con-
trary work ferves when the complement of
the Latitude and Declination is given, ‘o
} g the Meriian Akicude] :
, Take
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Lay the Thred to the Declination, cout”
ted on the degrees from 6ofo, the rlght
way, toward the Head for North, and @
ward the End for South declination.

Then,

Take the neareft diftance, from the Cel”
ter-prick at x2, in the Hour-line, to
Thred ; this diftance meafured on the P&
ticular-line of Sines, (hall fhew the S##
Meridian Altitude required.

Ul XXI -
The Latitude, and Hour from the miid”
night Meridian given, to find the Argl
of the Suns Pofition, viz. the Angle 0"
tween the Hour and o Aximuth-lines 1
the Center of the Sun.

Artificial- - AsSine 96, to Co-fine of the Latitude 3
S.& T. _ Sois the Sinc of che Hour from Mid®
night, to the fine of the Angle of P~

fition.
Example.

AsSine go, to Co-fine Latitude 38-285
So is theCo-fine of the Hour from mid”
night, x20, for which you muftu®

60, to 32-34, the Angle of Poficion-
Partic,0.  Take the diftance from the Hour to the
90 Azimuth on the Hour. line, and meafut®

it in the particular fines, and it fhall ﬂlf“‘;
3 ti



tae Angle of Pofition required. This holds
" the Equino&ial.
Take — Co-fine Latitude, make it 2 — Gen.Quad
W fine 9o » then take out the = Co-fine of
Hour from the Meridian, and it fhall
b the . fine of the Swas Pofition.
Make — Co-fine Latitude a = fine 90 3 Sefor.
they — Co-fine of the Hour, thall be —
e of the Suns Pofition.
Note,
The Angle of the Suns Pofition may be
Yatied, and it is generally the Angle made
Mthe Center of the S#, by his Meridian
Ot Hour.circle,being a Circle pafling thorow
the Pole of the World, and the Center of
the Sun 3 and any other principal Circle, as
the Meridian, the Horizon,or any Azimuth,
the Anguler-Point being alwayes the Center
of the Sy

Ufe XXII.
The Sl_‘im‘_ Declination givens to find the
écgwmng and ¢nd o 'ﬁvi-!:‘g.ﬁﬁ,w Day-

break.
Lay the Thred to the Declivation on :\h-i_vm tic, Q.
egrees, but counted the contrary way,wiz,
South-declination roward the Head © and
orth-declination toward the End & then

take 18 degrees from the particular Scale of
:)ILL'CS‘
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Snes for Twi-light,  or 13 degrees for D4}
break, or clear light; Then carry this 4
ftance of 18 for Twi-light, or 13 for D3}~
break, along the Line of Houts on that fid¢
of the Thred nest the End; el the ocief
Foor, turned about, will but juft muchf’f
Thred, then (hall the Point fhew: the tif®
of Twi-light, or Day-break, required.

Example,

The Suns Declinatien being 12 degte®
North, the Twi-light continues, till g hont®
24 minuts ; or itbegins in che morning
38 minuts after 2 ; but the Day-break ¥
grot till 22 minuts after 3 in the morping
or 38 minuts after 8 atmight, and laft 5
fonger.

To work this for any other places where the
Latstude doth vary, do thus;

Find che Hour that anfwers to 18 degrees
of Altitude, in as much Declination ¢
contrary way, and that thall be the time o
Twi-light 5 or at 13 degrees for Day.breaks
according to the Rules in the 26¢h LIS
where the way how is largely handled co the

. 334 Ule, both wayes generally,

! Ufe Xx1Il
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Uk XXIII,

T find for what Latitude your Infirament
is particalarly made for 5

. Take the neareft diffance from the Cen-Parricule
fron the Head-leg, to the Azimuth-line Quadr.
U the moveable-leg; this diffance meafu.

f; on the particular Scale of Sines, fhall

¢ i the Laritude required 3 or the Extent

O S to 90, on the Azimuth-line, fhall
Theyy the complement of the Latitude, be-
8 meafured as before,

Ufe XXIV,
Hx'ving the Meridian Altitude given, to
find the time of Sun Rifing or Sestingy
trie Place, or Declination, '

Take the Suns Meridian Altitude from Particular
the particular Scale, and fetting on Poing jn Qadrant
\ on the Azimuth-line ; lay the Thred to
e N D, and on the Hour-line it fheweth
e rime of Rifing or Setting ; and on the

eBrees, the Declination 3 and che reft in
| ey refpeétive Lines,
Example.
a The Meridian Altitude being 50,the Sun
leth oy 5, and [ets at 7.
o Ufe
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Ufe XXV.

The Latitude and Declination given, *
find the Suns beight at 6,

Particular.  Lay the Thred to the Day of the Montls
Quadrant, or Declination, then take the ND fro?
the Hour-point of 06, and 6 to the Threds
and thar diftance meafured on the partic”
lar Scale of Sines, fhall be the Suns Al
tude at 6 in Summer time, or his deprefio” |

under the Horizon in the Winter time.
: =) - Yi#
Artificial-  Asfincof 9o, to fine of the Suns Dech
S T, | nation 3 )
So is finc Latitude, to fine of che SW*
Algrude at 6.

Gen.Quad.  Count the Suns declination on the d¢°
grees from 90, toward the End, and che™
lay the Thred ; then the leaft diffance fro™
the fineof the Latitude to the Thred, me?”
fured from the Center downwards, {hallb®
the fine of the Suns Alritude at 6.

seftor.  Make the — fine of the Declination #
" = fine of 903 then the — fine of the 1#*
titude, thall be the — fine of the Su?” |
height at 6,
Example.
Latitude g 1-32, Declination 23-31,
heighe at 6, is 18 deg, 33 min,

thé

e
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Life XXVL

Hwir:_g the Latisude, the Suns Declina-
tion and Altitude, to find the Howr of
the Day.

Take the Suns Altitude, from che parti- P articulay
ar Scale of Sines, between the Compafies ; Quadrante
then lay the Thred to the Day of the
onth, or Declination  then cairy the
®mpafies along the Line of Hours, between
"¢ Thyed and the End, till the other Point
O¢ing turned abour) will buc juft touch the
hred, and then che fized Point fhall fhew
the true hour and min. required, in the
ore, or After-noon; #f you bein doube
Which jic is, then another Obfervation pre-
Cucly after, will determine it,
Example. ;
May rorhi; at' 30 degrees of Aldtude,
3 hf_ml' will be 32 minurs after 7 in the
Orning, or 28 minuts after 4 i the After-
Lioon,
This Work being fomewhat more diffi=
cult than the former, ¥1hall pagtit thus;

th

Y. Firft, tofind the Honr the Sun being
in the Equinottial.

Take the — fure of the Suns Altitude, Gen,Quad.
. ; make




Sedfor.
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make it a '-_-:Cc.iin?‘e gf the Latitude ; T2f
the Thred to ND, and on the degrees If
fhall give the Hour from x2, asit s figuréds
counting 1y degrees for an hour, or from
6, counting from the Head at 90,
Example.

Latitnde §x-30, Altitude 20, the hour 15
8 8& 12/ inthe forenoon, or 3-48/ in hie
afternoon,

The [ame by Artificial Sines & Targentss

As Co-fine Latitude, tofine g0
So is the fine of the Suns Alutude, ©
fine of the hour from 6,
Make — 8. @ Aliitude, a =S.in @
Ladtude 5 then takeout =S5, .90, and ¥
thall be the — fine of the hour from 6,

2. The Latstude, Declination, and Alis-

tude given,y to find the Hour at any simet-

Gen.Quad T ft by the 25¢th Ule, find che Suns Al

titude or depreflion at 6 ; then in Summer-
time,; lay this.diftance from : the Centef
downwards ; and in Winter-time, lay 1
upwards from the Center toward the En
of theHead-leg; _and note thac Point for
that day, or degree of Deelination ; for by
taking the diftance from thence to the Suns
Aliicude, on. the General Scale, you have
added,
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added, or fubﬁralt;iesd tshe Alritude at 6, to,
OF from the prefent Alricude. :

(For by taking the diftance from' that
Noted Point, over, or nder the Center, to

€ Suns prefent Altitude ; you have in

immer che difference between the Suns pre-

it Alticude, and his Altitudeat 6. And
N Winter you havethe fums of the prefent
Altitude, and the Altitude ar 6.)

This Operation is plainly hinted at, in
the 4th Chapteryand gth and soth Seétion,
Which being underftood, take the whole

Peration in fhorter rerms, thys 3
Count the Suns Declination from 9o, tos
Yard the end; and thereunto’ lay. the
ed; the neareft diftance from the fine
Of the Lacitude to the Thred, is'the Suns
cight, or depreffion at 6 : In Wineer ufe
¢ fum of , in Summer the difference be-
sveen, the Suns Altitude at 6, and his pre-
tnt Adfitude; wich this diftance between
Yout Compafles; fer one Poingin ¢hie co-fine
of the Latntude; laY the Thred to N D’
then take the N D from 9o, ro the Thred 3
then fer one foot in the Co-fine of the Suns
eclination, and lay the Thred to N D, and
P0.the degrees it _gives the hour required
irom & coun;iﬂg from 90, or _Irom 12, asit
ured,

Ce Examplei
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O o e o ©
..On Adpril 20, at ;”E deg. 20 min, of Al-
ticade, Latitade; §1-32, the hour will be
found tq be juit 2. hours from:6; or jult 8
' B [T '
On the soth of November, at 8 deg. 2
min, high, ir1s juft 3 hoursfrom 6, or:9 4
clock in the forenoon, or 3 atternoon,
Gr. fomewhat differing thyus s
« Takeé the < fivic of the flamjor differenits
of thie Stsprelent Altitude, and Alritudé
at 6, and imake it a = fn 'the cd. fine of
Latinde] dndTay che Thred o the neare
diftance 7 tHeén take otic the == Secanr of
the declifiacion beyond ood; and’ make 3t 2
= [ing ‘of 9a;-and lny'in,g the Thred 10
the rieareft diftance, on’ the 'degrees i¢ fhial
fhiew the Houir from 6 rcquired. e

By 4rrif- ~ Firft, by Ufe 25, find the $izns height at
cial Sines 6y ordepefiion Tn Winters; ‘thel '}"Ihc
O Tarie former2d, find dic fam bF difference B¢

eween the Altitude at '8, “atid the Sunspres,
fent Alitide} « but' if you have "I':lblt’s.‘?’t
Natural Sines 'and Tangenitsy then in Wit
ter, add cheNatural Sines of the two Al0”
tudestogecher; and in Summer, fubftrs
the-lefler Gur of che’ greater, and find'the |
Ark of difterence morg gxattly.

5 i Thers
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Then; -

As the 'Co-fine of the Latimude, ' to the
Secant of the Declinacion (counted be-
yond 50, a3 miich forward 4s from'go
to the ‘Co-fine of the Suns Declina~
tion); ¢ ¢

So isthe Sineof the (gm, or d:ﬁ?rem:.
to the hom from 6, required,

LOF elfe this 3

As the Co-fine of the Latitude, to the
Sing of the fum, ot d:ﬁ}rcnc: :
So1s fine of ‘9o, 102 4th.

T hess
As the Cofifig'of the Suns dcclination,to ; |
thatqth s : ‘
\£ois fine go, rathe hour from Ge

By the Seitor.

v Takethe' s fecane of 'the Sunis dedlina-
viony -makedt @ s in the co-fineot the’ La-
titude 5 then sake oue the == fine of the fums
Ot difference, and turn jc twice from the
Center lateerally, and ic fhallbe che fineof
'Thc hour from 6 » rtquncd. |

' Cic i Exampleg
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Example. ‘

_April 20, the Suns Declination is 1§ d¢-
grees 3 and the Suns Heighe at 6, then 15
1x deg. 42 min. now the Natural fine 0

.11-42; 20278; taken from the Narura
fine of 30deg. 20 min. gogozs the Sun®
prefent Aliitude, the refidue is 30224, e
fineof x7 deg, 35 min. and a half-

Then,

The — Secantof x§made a = fine Of,
38-28, and the Sc&or lo fet, the — fineot
17-35 %, turned latterally twice from the,
Centery  fhall reach to 30, the fine ¢
2 hours from 6, the hours required:

Ule XXVIIL

Having the Latitnde, the Suns Declint”
tion, and ¢Aliitndey go find the Sw¥
Azimurh,

Particular  Take the Déclination from thé particulas
Quadrant- Seile of Sines, for the particular Latitude
the Inftrumenc is made tor. 3 - Then, count
the given Altitude on the degrees from 600
roward  che loofe-piece, and fometimes 0B
the loofe-piece alfo 5 and thereunto lay: the
Thred, then carry the Compades, fo fet, 2°
. long the Azimuth-linie on the right-fide ©
the Thred in Northern-declinations, an
g on
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on the left. fide in Eoutherr!—dcdinations, til
e other foot, turned aboury will but juft
2otch the Thred 5 then the fixed-poin {hall
yatthe Suns true Azimuch required.

Take two or three Examples.

1. Firft, When the Sun is inthe Equi-
Boctial and hath no Declination, then there
Snothing to take berween your Compafies,

ur juft co lay the Thred to the Suns Alui-
Wde, counted from 6o|o on the loofe-piece
Oward the End; then on rthe Azimuth-
e, it cuts the Azimuth fromvehe South re-
Quired.,
Example,

At oo degrees high, the Azimuch is 9o
om South 5 and at 10 degrees high, it is
77-5 5 at 20 high, the Azimuth 15 62-45 3
4t 30 degrees high, itis 43-305 ar 34 de-
8Tees high, it 15 32 degrees of Azimuth from
South 3 and a 38-28 degrees high, v is juit
South,

. 2. Sccondly, at xo degrees of Declina-
tion Northward, and 20 degrees of Alti-
tude, take 1o degrees from cthe particular
Scale, and lay the Thred to the Suns pre-
€at Alritudesas before, and carry the Com-
Pafles on che right-fide of the Thred on the

Zimuth-line, till the other foot, being
furned about, will buc juft touch it then

Ccz {hall
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fhall the Pomnt relt ac 8o degrees, 42 mif
of ‘Azimuth from the South, . :

3. Bur if the Declimation be thefam®
to the Southwards, and the Alirude 2l |
the fame 3 then carry the Compafies on the
Ieft-fide - of the Thred, on' the Azimuth®
line, till the other foot, turned about, W!
but juft touchit, and you fhall find the
Point to flay at4x deg. ¥o0min, the tuc
Azimuth from the South required.

Nite, That any thing, as chick as tht
Rule, lid by the Rule, and the The \
drawn over, it will keep the Thred ﬁead?':
till you get the neareft diftance mo®
eruly.

Firfly by the 13:h tfe, find the Suns Al
titude in the Vertical Circles or Circle.
East and weit, thus ;
General- ' Take the fine of the Suns Declinatiofs
Quadrs -and fer one foot in the fine of Latitude, lay
= the Thred to ND, and inthe degrecs you
fhall have the Altitude ac Eaft and Weft ¢
-quired,
Which Vertical Alcirude in Summe
Northern Declinations, you muft fubftraé
out of the Suns prefent Aldtude s or 2
the lefler: from the greater, to find a d¥’”
“Aerence 3 bug in Winter, -you muft altl;}:fi :

depretionin the Vertical Curcle, tothe &
i pE

v qt‘
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Ertfcut= Altieudeto ger a fum, which muft
S done ona-Lire of Nawural: Suics, -or
O the Ta st of Natural Sings, as be
are, in theHour,: by layingit ovey or un-
erithe Ceuter; and taking from that noted
Poine: to che’ Suns- preleat Alricudeallthac
ay. Then saka che diftance from'the Cens
&r o the Tangent of the Suns prefent Al
Utude on gheJoofe-piece, which 15, the Ses
Cant of the Suns prefent Alutude, and lay
It from the Cemter on the Line: of:Sincs,
and note che plage then pake the diftance
10m 66, on tlie-loofe-piece,to the co-tangent
of the Latitude - ( by counting 10, 20, 30,
&, from 6e,rpward the moveable-leg) be-
Iween jour Compitless chen ferting one
20int on the Secant of the Sups Altitude laft
found, and nored ‘on the Line of Sines; and
With the otlier, lay the Thred to the neareft
flance, and there keep it (by noting W}aar
tgree, day of the month,or Jipur & munur,
Or Azimuch it euts). '

Then take the — diftance on the Sines,
from the fine of the Suas Vertical Alricude,
to his prefent Aldeude, far 2 difference in
3u1n!rwr:, Or;

The diftance from a Doing madebeyond
the Center, (equal to the fine of the Suns
\_fertic:ﬂ dePrelﬁ:an) to the Suns preleat A 1-
Utude, for a fwm in Wincer,

Cc 4 Then
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Then having this — diftance of fum 0%
, difference, for Winter or Summer, betwees
! your Compaffes ; carry one Point paralle_uy
| onthe Line of Sines, till the other, beiné
' torned abour, thall juft couch the Thred 3¢
: the ND; the place where the Point ftayetls
! fhall be the Azimuth from Eaft or Well, #°

: it-is figured from the Center; or fro™
North or South, counting from 9o.

Which work in brief, may be [ufficiently
| worded thus 5
i As — co-tangent of the Laticude, to the
l ={ecant of theSuns prefent Alcicudss
laying the Thred co ND ; :
S0 is the — fine of the fum,or differencts
of the Suns prefenc Alcitude, & Vert*
cal depreffion in Winter, or the dif*
ference between his Vercical and pre-
fenc Altitude in Summery to the =
fine of the Suns Azimuth, at thac Alu-
titude and Declinarion,

H 2 Yet agasn, more fhort.
fl As — C.T.Lat. to—=Sec, ® Alt.

I So — S.__uf [um or difference, to = S«
- © Azimuch, '

{ , Bt
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But wote, That in Latitudes ander 45,
when the complements of the Latitude
are too large, then work_ thus ;

As the — co.fine of the Suns Altitude,

9= Tangent of the Latitude, taken from

the degrees on the moveable-leg, laying the

Theed toND, thenthe — fine of the fum

X differene, carried parallelly, fhall ftay ac
€ Sunis Azimuth required,

If the Tangents are too fmall, on the
t&or-fideis alargers and if the Sinesare

%o great, on the Head-leg there is a lefs.

Find the Vertical Altitude by Ufe 13,

30d the fums or difference of the prefent and 4
ertical Alcitude by the Table, or Line of Si

Natural Sines, as before thewed ; then the 7%
anon or Proportion runs thw ;

As the Co-fine of the Suns Altitude, to
the Tangent of the Latitude;
So is the fine of the fum or difference, to

the fine of the Azimuch, from Eaft op
Weft.

Or,
As Co-tangent Laritude, to Secant of the
Suns Alcitude ;
So is the fine of the fum or difference, to
the fine of the Azimuth,

Make




By the
Sedfor,

Make the~— !Seigxt Lf the Suns Alo-
tude, -a-= Co.tangent: of Latirade; " "cthen
the—— (ine of the fam or difference, ‘fhal
be half the — fine: ofithe Azimuths OF
being turned twice from the Center; /the
whole fine, : d
Or elfe thu 5 HESD

Make the — Tangent of the Tatirudts
a = Co-fine of the Suns Altitude s chén the
— fine of the fum ordiffereice, Thallbe the
—— fine of the Azimuth, meafiired 'onthe
Sine, equal to the Radius of the Tangen® |
ficft caken, ‘

Example.

In Latitude §1-32, Declination North
and Soush 13-15, the Vertical Aldrudeot
Depreffion being 17.01, and the prefent
Altitude 205 the Azimuth fot! Souch-de~
clination will be found tobe 31-45, from
South,, the Depreifion 2t Eaft and W eft'be-
ing x7-01 3 and the fum of the prefent Als
titude and Dcpr-eﬂiou 39-2%.

o i Again,

For Morth-declination, or Summeg/timé,
the diffirence berween the Vertical and pre-
fent A lnicude, is 2-543 and-the Azimuth
from South, will be found o be 86 degrecs
andx§ minuts,
ufe XXVIIL
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, Ufe XXVIII.

Tomake a Scale, whereby to performiall
thefe Propofitions, by the former Rales,
agreeable to the Triangnlor Quadrant,
being added chiefly a5 a Demonitr ariomof
the Infirument , and former Operatiois,

Firft, Draw an Equilattera] Triangle, as
BC, acany largencl-you pleale , by
dl‘ﬂwing fi-ft the Line A B3 then rakethe
xtene A B between your Compaflesy fe
One Point in A, and: with the other draw a
Youch of, an Ark about:C, then removing
the Poine to B, crofs the former Arch in the
oint C3 then the drawing the Lines A G,
and B C, will conftituie the Equilacteral-
riangle, = Then confides 'wherher oneRaw
s of ryour Scale. fhall be double; tripple,
or quadruple one to the other, and accos-
ingly divide the Ling A B1nto 3, 4, o5
Parts,’ as lere it is into,3 parts, to makg.oxe
ouble to the other, ( and for Sea-Inflru-
Mments 1ato § parts is beft to make the Scales
Quadrupleoneto theother ) wheveof A D
Sone 3 Then makeB Hequalto BD, and
A G and GIequalte DA; Alfo, make
D 9o, equal to DF; the nearelt diftance!
from Do A C4 and Doo, equal o DE,|
the ngarcft diftance from D to CB. _r‘xlfo,l

make
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make BE the half of BH, and AF tht '
half of AG. Again, make F 45, cqual 0
ED, and E 45 equal to ED, ac néareft di<
fance, -Further, if youlay the RadiusDF |
once from I, which is 6o, itfhall reach 1@
69-54 near C;  and being repeaced agaify

it thall reach to 75 3 for 1-0000 the Radit’
or Tangent of 45, once added to 1-732
the Tangent of 60, makes 2-732, tht
Tangeént of 69-54 5 but if you add ¥
twice, it makes 3-732, the Tangent of 7§
juft.

Then making D E Radius, deferibe b
Circlego E1, and divide it into 180 equd
degrees 5 Alfo, draw the leffer Circle 9o F
to the Radius D F, then a Rule laid to ¢ht
Center D, and every one of the 180 de-
grees, fhall divide the Tangent Lines A G
and BC, into 180 degrees; and if yo
work right, you will meet with all the for=
mex Pointsy F, G, 43, T, 69-¢4, 60-45)
H,and E, in their true places, as firf} drawnie

Alfo, Perpendiculers let fall from every
degree in the Circle 9o E T to the Line D By
fhall divide the Line of Siues, D 9o, to the
the greater Radius ; and the like Perpendi=
culers from the decrees in the leffer Circles
to the LineD A, fhalldivide the leffer Lin¢ |
of Sines; Alfo, the Extent frem the Centef

D. to the Tangent of any Ark or Angle ;;"
: he
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 the Lise AC, Eoéntihg from F, fhall be
the Sccant to that Arkor Angle, tothe lef-
frRadius 3 and the meafure from the Cen-
e D, tothe Tangent of any Arkor Angle
wthe Line CB: (but counted from E) (hall ;
Sthe Secantto that Ark or Angle, to the
Steater, Radius.
This licrle Znffryment thus made, and a
Thred fafiened ar D, will perform any Pre-
Pofition by. che Rules here inferted, and is
Y3 very ‘making of the Trianguler Qua-
Pant 3, or youmay put thefe Lines on a Rule
*aplain Scale, and ufe them thus:

As for Example, for the Aximuth Al,aﬁ; :
treared.on, A nels

Firft deaw a ftreight Line, as A By re-
Prefenting ‘the Line A B in the Triangnler-
Kadrant 5 then appoint in that Line any
ot for a Center, as C 3 then for this Pro-
Pofition of finding the Azimuth, the Sines
:‘-‘r,td Tangents being on a ftreight Scale;work
s

Eirfl, to find the Suns Alsitude, or De
preffion in ke Versical-Circle.

. Take the Sine of the Latitude, and lay
' from C 10 §1-30 3 then take out the Sine:f
' 0
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of 13214, between your Compaffes, 40
fecting “one Point in the Point ‘§¥30,
iiddein the Line” A B, ahd {Hrike the roud!
pfthe Arch at D, ‘and draw the Line C Dj
alfo, on the Line C'B, ‘lay dowh from-C
fine of 9o out of the Scale, ther the near
diftance from the Point for 9o in'CB, ¥
the Line'€C D * fhal'be the Sine of ' chye Su
Alcicude in the! Vertidal,” in’ Susimier ?f
Nottherqt declination, or his depreffion ¥
Witer; 9 17-01] ‘ :

Then, asbeforé, 'on the Line'of Sinch :
find a fum for Wincet;” ora difference 1
Summet, berween che Vertical and preffﬂf
Alritade ; Now-fiippoling the Alritude <5
the fum is 33-30, "or the difference is 1-59 |
which you muft remember. 1

THicst, rake cheSecant’ of “rg; " ithe §u#¥ |
prefeiit Alcicude frotm thé' Scale,” lay ic frof’{': !
Ctp B~ then take btit"the Co-tangent 0
the Latitide beétween your Compafles, ¢ |
one Politr in ‘B, and“ftike ‘the ‘touch of 4
Ark, as at F, and dfaw the Line CE 3 ¢her
take the fincof 33-30, the fum, if it B¢
Winter, or x-58,1f it be Summer, becwee”
your Compafles ,. ‘catry one Poine in' 0
Line CB, hisher' ot lower; ‘till the oth
fooc, turned aboyt, will but juft rouch & |
Line C'Fy then the meafure from chence &
the Point' C; fhall-be the Sine of - the A:j’ |
‘ mu
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m“thrmmrcd vyz.in Winiter 43-§0 520
I’ Summer' 9 2-30, inm thie South, “becanf
the prefent Almudc 15 lefs than the Vc:ma]
% Eaft and Weft. _ ad

Butwhen the Cotaneent of the Lati-
tude 35 too large for a Para ilel entrance, then
PHEK off firft the Tdnfént of che Lantudc,
MNd rake the Co-fink Pt SunsAldtnde
| ©work in a Parallel way, which will reme-
¥ the inconvenichces; Thus you fee that
| dydtawing three: Finics only " this work is
| Yone ; “yet not{o fooft by far,as by the In-
frument with the Thr ed, whlch reprefents
thofe Lines more u_:mmly and cxutl) 3 after
the farmie was y of Operation.

To ﬁnd the Sans Azimuthin Sambern
Dieclinations.

As”the Co-fitle of the Laritude, tothe By anifis
Sineof the Suns prcfcn:'Alritudc i Sl
r Sois the Sine of theLadtude o 2 4th
fine; which 4th fine is tobeadded
to the Suis Amplltudc for that time,
on a Line of Naturalfincs, and theﬁim
obferved, asa gth.
Theny
As'the Co-fine of the prefent Alditude,

i5£0 t,.c finc of the fmr laft found ;
So
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Sois the fine of 9o, ta the fine of &

Suns Azimuth,from Eaft or Wefts 7
quired.

For the Amplitude, work thus 5

As Co-fine Lat, to S, Suns declingtion 3
So1s8, 9o, to the fine of Amplitude.

Ule XXIX.
Having the Latitude, Suns Altitndts
and Vertical Altstude, to find
the Azimuth,

And firft for Northern:Declinationt:

Firft, find the Vertical Alsitude by the
former Rule, and fitd the differeiice bé-
tween it and the prelent Altitude, by che
Ling of Sines: then take chis difference from
the general Sines berween your Compaficss
and {etting one foot in the Co-fine of the
Ladtude, lay the Thred to the N D, the?
take the ND from the fine of the Lacicud®
tothe Thred 5 having chisdiftance, fet on€
one foot in the Co-fine of the Suns Alt-
tude, and lay theThred o ND, and 0?
the degrees it (hall fhew the Suns true AZ~
muth ac that Altride and Declination 1€~
quired.

Examplt-
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Example.
"The Suns Declination being 7, the Vigs
tical Aldtude 15 8-57 ; the Suns prefent
ldtude being 30, the difference or refidue
i Sines will be 20-x3, and the Sups Azi-
funth found thereby wall be o-127.

o &

The [ame by Artificial Sines and Tan-
gentsy n Summer,

As Co.S.La, toS.of refidue 3

80.i5 S, 90, to aqth {ine.

Then,
AsCe-S, ® Al to'the4th fine ;
80355, ‘9o, to S, of '(® Anmurh, fion
Eaft or Welt.

Secondly, zﬁa--*ﬁern—l}edins:fmr,
work, thws 5

Firft, find che Suns Amplitude. for that
]mauon, thus s Takehe — fline of the
kchﬂmaon nmL ita — in the Co-fine of
hLI.&ElLUJ.E 3 lay the Thred to N D, and
on the (lt”[CC) it gives the Suns Am J..HLJL_
for that Declination, ~ which you muft re-

Then;
Take the — fine of the Suns prefeat
Mtitudé, make it a = ia the Co-fine of
Dd Lakis
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Latitude, lay the Thred to the N D, thed
take the ND fromthe fineof the Latitude
to the Thred, and as the Compaffes fo
ftand, fet one foor in the fine of the Suns
Amplitude firft found, and turn the otht®
feot onward toward 9o then take frol
thence to the Cencer.  Thus have you adde
the Amplirude, and laft found diftance £
gether on Sines, then this added Larteral
diftance, muft be made a Parallel in the Suf®
Co-alutude, and the Thred laid to the
nearcft diftance in the degrees, gives the A=
zimuth required,

Example.

At 15 degrees of Declination, and 19
degrees of Altitade, the Azimuch will b®
found to be 49 degrees 46 minuts from
South, and the Amplitude #4-30 in §1-3%

of Lacitude.

The [ame, work_by Artificial Sines and
Tangentsy in Winters T
Asco-S, of Lat, toS. of ( prefent Alts
So1sS. of Lat. toa 4th; which you mt
add to the Suns Amplicude on Natur
Sines, and keep it as a fwm 3
Then, iy
As co-5, of @) Alt. to S. of the fum;
So is 8. goy to S, Azim, from Eaft 0%

Wedt, -+
ue XX
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Ufe XXX,
" ng'ng the Latitude, theSaus Decling-
tion, his Meridian ard prefent Alsie
tude given, to find the Hodr'

Make the —— Secant of the Latitude, a Gen.Quadi
=in the Co-fine of “the Suns declination,
: 'hying the Theed o N D ( and note the
&) 3 -~ chen take ehe — diftance on'the
| lhes, between the Suns Meridian and pre-
0t Altitude, and lay it from the Center
Yoward 903 thed the ND from that Point
“Osthe Thred {as before laid ) {(hall be the
Yerfed Sine of the Hour, meafured on a
e of verfed Sines, equal in’Radius to
¢ Line of Secants firft taken, as the Sincs
OVe'go are, h
. ‘Make the « Secant Latitude, a=8me py ke
% Co.declination ; then the — diftance Seiors
‘eween the Sups Meridian and prelent Aldi-
‘ude; laid onbeth Leos from the Center
‘ lattﬁfall}": and ' the == diftance beeween,
. Meafyred on verfed Sines, equal to the Se-
Sants, fhall give the hour requireéy* gs the
Brear Line of Sines on the Sector are, by
Wraing the Corhpafles twice, becaufe the
e of Secanes 15'half the Radius of thofe
Sles) asac firft washinted,

Dd 2 Example




a
(3:({[“1;?{1(0011 thé excels above 99
the Cenre ward 9o, and take from
Sll:r $ 1o [[]I 1"(1 a(.d this dt tancs of
take frox e Sani dechnacion fowd d o
Thred ’ 1,1 thence the neare ﬂ'd‘ﬂ $ I‘l
the S'fr::;.j:d that fhall be the V&
Bu: 2Zmuth from noon.
[hc: lllrn the complement® o qa0
the Thr (]]P ND from the ll““dra
o ed, fha!l be the verfed
-llhmh required
ur J f ;
'nn;‘ﬂ in Winter, w hm che J{" . i
' I lemeiits are above go, ané® o
2 ‘ 5 '
ckwards, from the C‘ 4 »j” '
umz!cw— {1t ml“’[
e © diftance from thence @ gt
e Suns declination, che Jeficx l“nll"I
i.l::‘]rtr]: and fee this diftance, |r:|"“ﬂ
1 the Cln[tt (1(1\' n 'l"' hfﬂ )
e 0 wards 3 | v
thall t anice from thence to e 1
But - ”1‘L verfed Sine of the A AnmY i ot
Suns D:" 1'(11 the Latitude is 168 [h g
clinat
e ion, and the fame W% 11“
j,,m : — diftance (nn the Smes/ y0f da
i(\llH.i { the S#ns Altitude, and (»"'I “m‘“
coll d by Addution, “lm' under ¢ uf"
iuiui from the Center tothe dec e
R
1 1y that trom the Center, # 'cl'ﬂ
hewed, g o5 |
Bu /
tif the fwm of the Swns !

the co
mplement of the Latituds;

uﬂ‘llr
¢V
[‘li‘

(b
A

a\rlll[ i l)ﬂ'
"yl
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" 1 4077 ) !
r'r' 'a\ tht‘n, havmg counted forwards trom

*\threr 1o 99, count the eyeefs from 9o
War the C

b e — diftance
me ence, Sans declina.
on, angd lay it from the Center, 46 :
20 the ND from thence 10 the"
all Ave the verfed Sipe of the Suns Ay
Nith o, the fimall Sines beyond the Cencer_

¢ L | € very fame manneyr of Ot

Peration thy, Sefo
ey or the General- thdmnr‘ [{:1'\'{15 als
< ki itory and this way being more
> than the reft, 1 fhal) fay no
Ore o Ity b proceed to ulh'-'l'ﬁ-

rq

A Ule XXXT11.
The Suns Altstude, 1he Latitud,,

eclinarsy), fven, 1o find the
Hoyy,

and

o Addhe (‘-U-lutimdc. Crs—al:imdc, and ATtificial
S diftance From, the Eleyated Pole tOge~S & Tan.
v nd fing the half fwm, and

the d:fference Detween the half fum and the
“0.altitude,

Hlf;r‘ tor a

'Ibtn [.ﬂr;
As Sine 00, tp C(..['nm Laritudc;
80 15 (he Sine of Sung dlﬁ:mcc from the
Pole, 1o a 4th Sine,

Dd 4 Again
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and recken the c:?ce‘l}s abgve 90, from e’
Center toward 90, and take from thenc® &
the Center, and add this diftance of che
Sines to the Sans deelination toward 905%°
take from thence the neareft diftance 0 ‘hi'
Thred, ‘and that fhall be the verfed Sine?
the Suns Azimuth from noon, .

Bur when the complements are uﬂdco
90, thenthe ND from the noted plac® ;w !
the Thred, fha!l be the verfed Sine of ™ |

-Azimuth required,

But in Wincer, when the fum 0
¢omplemetits are above 9o, and are coun®® |
backwards, from the Center, towards 977
take the — diftance from thence to the St 2
of the Suus declination, the lefler from &'
greater, and fet this diftance, or yeli ”;
from the Center downwardsy then o
nearefl diftance from thence to the Thred”
fhall be the verfed Sine of the Azimuth.

Bur when the Laticude is lefs than ohé
Suns Declinarion, and the fame way 5 ¢
take the — diftance (on the Sines) from?t
fum of the Suns Altitude; and Co-Janitt ‘3
found by Addirion, when under 90, #
counted from the Center tothe dccliu_ﬂUOﬂ.’
and lay that from the Center, as befor®
fhewed, J

But if the fums of the Sun:Altitudfaaie
the complement of the Latitude, be 3;3.

1
-

£ e |
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903 then, having counted forwards from
the Cencer to 9o, count the excels from 9o
toward the Center, and take the — diftance
fom thence, to the Sinc of the Sans declina-
ton, and lay it from the Center, as before 3
en the ND from thence to the Thred,
al] give the verfed Sine of the Suns Azi-
Muth on the finall Sines beyond the Ceneer,
The very fame mannex of Operation that Sefforg
“ves for the General- Quadrant, ferves al-
O for the Seflor, and this way being more
Youblefome than the reft, I fhall fay no
More to ir, but proceed to others.

Ul XXXIL
The. Suns Altitude, rhe Latirede, and

Declination givens 30 find the
Hour,

Addthe Co-latitude, Co-altitude, and arsificial
Suns diftance from the Elevared Pole toge- S-& Tan.
ther, fora fume; and find the half fam, and

the difference between the half fums and the
Co.altirude,

Then [ays
As Sine 99, to Co-fine Latitudes
So is the Sine of Sans diftance from the
Pole, to a 4th Sine.

Dd 4 Again
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'Agﬁ:'n,

As the 4¢h Sine, o the Sineof the halk
[ 5

8o is the Sine of the differente, to the
verfed Sine of the Hour, if you have
them on the Ruley if not, to a 7th
Sine, whofe half-ditance on the Sines
towards 9o, givesa Sine, whofe com=
plemenc donbled, and ‘turned nt@®
time, is the Hour from South res
quired,

Example, at 36 deg. 42 min. Alritades
and 23 deg. 3% min. Dclination, L
titude §1-32 Nurih,

§3-38, the Co:altitude; 38-28, the Co#
latitude; and 66-29, added togethery
miakes 158-15 for a fums thenthe halt
fo s 70-07,and the difference berwee®
79-07 and §3-18, is 25-49 for a djfferences

. Then,

The Extent from fine 00, tothe Sine®
28-28, will reach the fame way from the
finc of -66-29; to the fine of 34 47, 1%
a4l Suie,

Agair,

1e Betarit fers
1€ I €L Iroin
1

7975

fed

i |
i

(e

34-47, 10 qiné

hall reach the fame way-from the
i o116
% -
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Ine of 25-49, the difference, to thc Sine
of 43-34, a zth Sine, ngh_t againft which,
°n the verfed Sines, is 60, 2%, 4 hours from
Noon,
Or elfe, ‘
The half-diftance, between Sine 48-324,
ad the Sine of 90, isthe Signof 60 de-
Stees, whofe ‘complement, 2/%. 30 doubled
5 60 degrees,or 4 hours in time, from noon,
Ul XXXIIL s
To find the Suns Azimuthy baving the
fame things giver, Viz, Co-latitude,
Cosalyitude, and Swuns diftance from vhe
Pole, .

. Add, as before, the threc Nunbers toge- Artificialy
ther, and thereby find the [um, and half- 8. & 1.
[mm, and the difference between the half-
Jum,and the Sins diftance from the Eleva-
ted Pole,
N Then fay,
As the fine of 904 to the Co-fincof the
Latitude 5 . ’
So is the Co-fineof the Alticude, toa 4th
finc,

.Adgaz.: iy
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As the Sineof ¢he 4¢h, to the Sine of the
half"-f um

So 1s the Sine of the diffirence, to the
verled Sine of the Suns Azimuch, from
South, (ortoa 7th fine, whofe half-
diftance, toward 9o, gives a fine,whofe
complement doubled, is the Azimuth
from South). -

Example, Lavitude §5-32, Aliitade 41-53s
Declination North 13,

The 3 Numbers, viz. 38-28, 49-7,and
77-0, added together, “makes 16 3-353
whofe half is 81-47 1, and the difference
between the half. fum, and the Syns diftance
fromthe Pole, is 4-47 1.

Then,
Asfine po, to fine 38-28,
Sois fine 48-7, tofine 27-36,
Then,

As fine 27-36, tofine 81-47;

So fine 4-47 %, to( V.S, of 130, the A=
zimych from the North: ) ‘the fine of
X0-15; a 7th fine, whofe half-di-
ftancetoward 9o, is25, whoiecom-
plement 65 doubled, is 130, the Azi-
uth from the North, whofe comple=
mentto 180, vz, §0, is the Azimuth
from South, Having




1 431 §

Having the [ame complements, to find the
Hour, and Azimuth, by the Generala

Quadrant and Settor 5 and firfl for the
Azimuth.

Firft, of the complements of the Lad.
tade, and Suns prefent Altitude, by fub-
ftesttion find the difference.

Secondly, Count this difference on the
Line of Natural Sines from 9o, toward the
Center, as the fmaller figuresare counted.

Thirdly, Take the diftance on the Sines,

rom thence to the — fine of the Suns de-
Clnation, But note, That whenthe Lari-
tude and Declination differ, wiz.one Norch,
and the other South, as it is wich us in
Winter 5 youmuit countthe Suns Decli=
tiation beyond the Center, and call it the
Sunsdiftance from the Elevated Pole, and
take from thence,

 Fourtbly, Make this — diftance,a = in
the Co-fine of the Latitude, laying the
Thred to_N D, or keeping the Sector at
that openming,  Thes,

Fiftly, Takeout the =fine of 90, Axd

Siztly, Make it 2 = fine in the Suns

By the
Goneval-
Quadrant
do Sedor,

Co-altitude, fetting the Seftor, or laying -

the Thred to the (neareft diftance) N D.
Seventhly, Takeout the = fine of go.
Andy
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2 3 And,

Eightly, Meafureittrom the fine of- 90,
towards: (andif nced be: beyond ) the
Center, and it fhall reach to the verfed fine
of the S#ns Azimuch from Norch or South,
when yoit countfrom 903 or from Eaftor
Wefty 1f you: count from ¢he Center, ona
Line of Sines, or middle of the Ling of
verfed Simes;

Notey That if the general Sines dre 00
big, yow have a lefs adjoyning, wherconto
begin and end the Work » as fsmetime the
Hour-Scale,, and fometimes the Line of
Right :Afcentions,

Example.

Inthe Latitude of 51-32, the SsueDe
clination 18-30, the Swss Altitude 48-12,
you thall find the Suns Azimuch to be 130
from the N orth, or §0 from South,

Secornd(ys for the Four, by the [ame data,
ert f’J:r(qJ Levsn,

1. Firlt of the comrlement of the Latis
tude, and the Sure-diftance from the Eleya-
ted Pole, find the a:fference by Subftradcti~
Pl ;
2« Count it on the Line of Sines from 00
' toward
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toward the Center, ( or beginning of the
Sings).

3. Take the — diftance frem chence; to
.t the {ine of the Swus prefent Aldtude,

4. Make this — diftance, a.= in the
C!J-ﬁ:?e of the_L’ati:ude,‘ etting the Seftor,
or laying the Thred rothe N D, and there

“epat, : }
p ’ g ! e

5. Then take outthe — {1
Sl iMnd,

6. Make thata== in the Co:fine of the
*Suns Declination, laying the Thredto. N D.
“\i 7y Then take ousthe — fine of g0 again,

A, .

- 8, Mealitre it fronr 00, toward the Cerfe
ter, “and ic ‘ThallNhew the verled fine of the
Hour from Mifiight, 'or the concrdry from

noons ‘or from &, if you coust from the
 Center of the Sines, or the middfe on verfed
“Sines, Lol THRAE .

neof po;

v
Wi

Example, :
cdatinde 5332 Declination. North
20-14, Aln;ud? 5©-5 5, you {hall find the
Hour ro be 150 from Norih, wiz..10 in the
fore-noon, or 30 degreesfhort of South.

fe ", XXXV,
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Ufe XXXIV.

Having the Latitude, Suns Altitude, and
dsftance from the Elevated Pole, to foid
the Hour, by the Ling of wverfed Sinesy
on the Sellor.

First, By Addition, find the fum of; and
by Subftraction, the difference between che
complement of the Lautude, and the Suns
diftance from the Elevated Pole.

Secondly, Counc this fum and differestt
from the Center, or the verfed Sines on the
Sector, (or the beginning of the Azimuth-
Line, if you ufe that, or any other, which i
not drawn from a Center ) and with Come
pafles take the — diftance between them.

Thirdly, Make this — diftance, a =
verfed Sine of 180,

Eonrthly, Take the — diftance between
theverfed fine of the fwm, and the complé
ment of the Swps Alticude, and carry
parallelly til] it ftay ‘in-like verfed Siness
which fhall be the verfed Sine of clieHout
from chieNorch Meridiai, or mid-night.

Or,

If youtake the — diflance from the
difference to'the Co-altitude, and carry chat
= ullic flay in like fines, ic fhall be the

hour from noon 3 counting the Center Izﬁ
ur I, coun E as
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noon, the middle at 9o, the two- fixed
ind 180 at the ¢nd, for 12 at night.

Ufe XXXV.

Having the Latitude, the Swns Altitude,
and Diftance from the Elevated Pole, to
find b trus Azimmh from South or
North, by Natural verfed Sinese

Firft, OF the Co-altitude, and Co-lati-
Qde, find the [um and diffevence; by Ad*
i Itlon and Subftraction, ,
Secondly, Count the fsm and d‘f‘"”“
from the Center, and take the ——diftance
Stween them with Compaffes on the verfed
ines,
‘ Tbird!-;, Make it a = verfed fine of
180, and fo keep the Se&tor,

Fourthly, Take the —— diftance, bes
tween the fwm, and the Suxs diftance from
the Pole, “( counting chic Center the Eleva~
ted PU.IC, 2nd 90 the Equilm&ial) aﬂd
Carry 1t = ‘6l it flay in like parts, which
thall bethe Azimuth from Soutll)'l.

Or
If yon take the — diftanée from the -
ifference, o the Swns diftance from the
ole, and carry it as before, it fhall ftay ac
the verfed fine of the Azimuth, from the
| $¥erthpart of the Horizon,
s YL Thefe
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i Thefe five. general wayes of-finding the
Hour and Azimuth, are not all ncedful £
be learned by every one, but to delight the
ingenious, and ro hold forth the ufefulne®
of the Inftrument, and to fupply- defects
that at, fome times_ihay happen by Excurt®

Y i

oi_js, and as a four-fold Teftimony, to thew
the harmony in feveral wayes of Operatio?s
the firTt particular way, and’chis laft bY
verfed Sines, being mott eafic . and comprés
henfive of any other,

: Ule. XXXVI.
<. Ta work_the 1aff withour the Line of

. . werfed Sines,

Nore,: That if for.wanc:of reom, th®
verfed Sines be fet but on one Legz, thent®
15,10 belaid jac_the neareft diftapce inftea®
of like parts, after the manncr, of ufing th®
Thred on the, General Onadranss

Alfo, 1£ youhave ic not arall, then the
Azimuth-line for. the_ particular Lacicude3
and if that betoo large, the ligtle Line ©
Sines, bt}‘('jnd the Centgr, wil [uPPl}f this

afect very well ghus; =
o[ Firlt, Turn che Radius, or whole Icngf[‘
of that Ling, of Sines, two times from e
Center downwards, (whichin Sca-Inftri

ments, will moft conveniently feay at 30 %‘:

£
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the large Lineof Sines, or general Scale, as
Was hinted in the 28th Ufe, being juft 4
times as much one as the other). For a Point
Yeprefenting 180 of verfed Sines, to fer the

®mpaflesin, when yon lay the Thred to

D, and to take any verfed fine above 9o
degrees 3 this being premifed, the Operati-
°n is thus ;

Exampls.

Lat. ¢x-32, © Dift. from Pole 89, Gen.Quad,
- © Alt. 25, to find the Hour
The fum of Co-lat. 38-28, and 8o, is
118-28 : :
And the difference is 41-32.

Now in regard the fum is above oo,
count the Center 90, 10 on the finalles
'aes 100, and 20 on the f2me Sines, 110,
MNd 28 deg. 28 min 5 tx8deg. 28 min,
*rn this diftance the other way from the
enter downwards, and note char place, for

_ the Poinc, reprefenting the J#m onthe ver-
¢d fines,
Then,

The — Extent berween this fum, and
the difference 43-32, asthe fmaller Agures
“Xouit, being taken becween your Com-
Afles, fer one Poinit ‘in 180, the Point fir{t
f 40d, and lay the Thred to N D, and there
*Pit (or oblerve where i cuts), then ta-

Ee king
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king the —— diftance between the verfed
finie of the diffenence, -counted as the
fizures are reckoned, and the fine of whe
Suys Altirude 24, as the greater figures ar®
reckoned from che Center toward the End;
and carrying this Extent parallelly alond
the greater Line of fines, till the ather Poin®
will but jult touch the Thred at ND3
Then, Ifay, the meafure from that Point 0
the Center, meafured on the fmall fines; 8
verfed fines, (hall be the verfed fine of
Hour réquired, wiz. 62 from South, of
7 hours §2 minuts from mid-night.

ThisRule, or Ufe, is longer far in word”
ing, than the Operation need be in work”
ing s for if you {hall approveof thisway?
the adding of rwo brafs Center-pins wilk
fhew you the two Points moft ufed ve#Y
readily, and the Thred is fooner laid, tha®
the Legs can be opesed or fhur, and the 10°
{tramene keeps.1ts Trianguler formy a5 3 5
10, during the time of Obferyation,

Ufe XXXVIL 4
Having the Latitsde, *Suns Declinati?")
and Hour, vefind bis eAlsiude. :

This Problem being not of fuch ufe @
the contrary, wiz, having the Alt_irudci_m ‘3
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find the houp, it fhall fuffice to hint onl y twi
®ayes, the moft convenient, And,

Ewft by the Particolar Quadrast.

- Lay the Thred to the Day, or Declination,
then the N D from the Hour to the Thred,
Meafyred in the particular Scale of A fri-
Rudes, (hall fhew the Sans Altitnde re.
Quired,

Secondly, by the ver[ed Sines.

¥. Firft; of the Co-latirude, and Swus
diftance from the Pole, find the (wm aud

ifference,

2. ‘Take the — diftance bervween them
a.“d make it'a —verfed fine of 180 by for-
tiag the Sector, or laying the TFhred o
ND, |

3+ Then take the — verfed fine of

our, ‘and lay j¢ lacterally from che fum,
a.nd it thall give ¢hye complement of the Al
titude required

This work is ghe fame;both by the Sestor,
or General Q}adranc, as 15 fhewgd in Llie
the:36:ch, and s uothing elfe but a back-
Ward working 5 but che Alkicude a- ary
Azimuth, is not o to be done,

Es 2 T
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To dothe [ame by the Natural- Sines.

Firft, having the Latitude, and the Sw»s
Declination, find the Swns Altitude, of
Depreffion at 6 5 and note the Point, eiches
below, or above, or in the Center, as is large-
ly fhewed in Ufe the 26th, where the Al*
ttude isgiven, to find the hour in any La*
titude.

Then, ,

Lay the Thred to the Hour, counted i
the degrees either from 12, or 63

Then,

Take the N D from the Co-fine of tht
Swuns Declination, and make it a = in the
finc of 9o, laying the Thred to the N D
then the N D from the fine complement ol
the Latitude to the Thred, fhall reach from
the noted Point, for the Swas Alticude OF
Depreflionat 6, to the Saws Altivude ¢
quired,

Example, i

Latitude §1-32, Dedination.z;-gly %
8 or 4, wiz, 2 hours from 6 Southwards
the Altitude will be foupd tobe 36-43" .

¥ Fi
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X, For the Altitnde at 6, at any time of
the year, fays

Asthe fineof 903 to fine of the Lati- By Artifi-
tude cmlrbmer
» . " ~
Soisthe fine of the Suns Declination, to & Tang
the fine of the Suns Alutude at 6.

2. Forthe Suns Altieude, at any bowr or
guarter in Aries or Libra, (the Equi-
wottial ), :

As fine 9o, to Co-fine Latirude 3

So is the fine of the Swns diffance from

6in degrees, to fine of the Swns Alci-
tude.

3« For the Suns Altitude ar all other
ours, or timses of the year.

As fine 9o, o Co-tangent Latitude 3
S0 15 fine of the Sy diftance from 6, to

the Tangent of 4 4th Ark, in the
Tangents,

Which 4th Ark beins taken from the
Suns diftance from the Eleyated Pole, then
the refidue isthe §th Arks but for hours
before and after 6, add the 4th Ark, and
X0 Suns diftance from the Pole together, to
Make 2 sth Ark.

Ee g Thes
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Then fays
As the Co-fine of the 4th Ark, to the
fine of the Latitude 3
S0 the Cofitie of the refidue (or fum)
being the seh Ark, to the fisieof the
Suns Altitdde atthar houts L

\ Ufe XXXVIII,

The Latitude, |Suns Azimnrh and. De-
clination given, to find thg Aliidude; "
beight thereof, -« .0 45 i

TEinfl to frd the Syt Altitude at all A<

winths inthe Equinoﬂia!. '7

Ry Artifi. B fine 90, to Co-tangent Latitude;
5. dr T. 50 is the Cofifie Azimuth from South, ©©
the TangeHc of the Sanl Alditade 10 W
Hries, , S
Or, )
As fine 90, to the Co-fine of the Azl
muth from South ; ‘ -
So is Co-tangent Lat,. to the T 3ngcﬂi?t
Tthe Suns Aliitide, at thattAZimuth i
" the Equinoctial, which “you muft g2
1% ther o & Table far every fingle dez

i 64
e Ther:
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Then,
As the fine Lat, tothe fine of the Suns
Declination
S0 is the Co-fine of the Swns Altitude in
Equiuoé‘cial, to the finc of a 4¢h Ask,
. Then, . -3

When the Latitude and Declination are
alike, 25 both North, or South; thenadd
the 4th Ark aad the Altitude (in the Bqua-
tor) .together, and the fum is the Alcicude
Tequired. ‘

But in\Winter-time, when the Latitude
and  Declination is unlike, take the 4th
A‘{k out of the recipmcal Altitude in the E-
Quator, and the refiduc is the Suns, Alci-
tude required, v e

Alfo, 11 all Azimuths from Eaftand Weft

orthwards, in Summer-time” allo, you
muft 1ife Subftraction alfo, and not Adduci-
o3 as the Rule béfore-going fuggelts,

By the Particular Oudidrant , 'work,
thus

. Take the Sun ox $i5s Declination from

the particular Scale,’ and. fetting one Poinc

in the Spps Azimuth, 'on the Azimuth Line,

and with che othex 14y the Thred to the

N D, die'right way, and on'the degreesthie
Thred cytsthe Alutude required.

L Ec 4 By
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By the Geneval Qaadrant.

" As the ~—— Co-tangent Latitude, taken

from the Moving-leg, or Loofe-pieces
to =fine of 90, laying the Thred 0

So 1s the = Co-finc of the Swns Az~
muth from South, to the — Tangent
of the Suxs Alcitude in the Equatory
at that reciprocal Azimuch.

Which Leing remembred, or gathered into 4
Taég;‘c together, then fay;

As the — Co-fine_ of the Suns Altitude
in the Equator, to the — fine of the
Latitude , laying the Thred ‘to the
ND;

So is the = fine of the Suns Declinations
tothe — fin¢ of the 4th Ark,

Which 4th Ark is to be added, or fub-

ftralted, as immediately before is direted,
and.the fum or refidue, fhall be the trug Al-
ticude required. e

Example. '
At 69 degrees of Azimuch from Southy

the Equinoétial Altitude will be found to
be 21-40, for London latitude of §1-32 5
and the 4th Ark in 55 or vy is 28-16,

zﬁﬂ":

b




2X-40, the Suns Alcitude at 60 in v and

28.16, the reciprocal 4th Ark in o5 added,
| oakes 49-¢6, the Swns Altitude at 60 de.
i 8%ees from the South in o.

he fame way of working ferves for the By the
“or, asis ufed for the General Ouadrant, Sedlor,
12y obferving to fet the Seor, infiead of
I"‘Ying the Thred to the neareft diftance, as
the Ingenious will foon perceive.

Ufe XXXIX.

| Hﬂva‘nx the Latitude, Declination, Azie
miuithy and Altitude, to find the Houy.

|\ Asthe__ Co-fine of the Suns Altitude, General-

10 == Co-fine of the Suxs Declina- Q_-“Sdr‘
| tion; : Sc&s?.
| S0 is the — fine of the Suns Azimuth,
| t0 — fine of the Hour.

| Or Giﬁ tb’l‘ H

Firft find the Alritude, at that Az

ZIMUHS byl
- nd chen at that Alsitude, and Declination, Quadyan:,
. the Hour, |

As — Co-fine of Declinatian, to = fine
of the Azimuth;
8o is the — Co-fine Alucude, to = fine
of the Hour.
As




By the |
Artificial
Sines and
Tangents.,

Geneyal-

Quadrs
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As Co-fine Declination, to the Sine of the
Azimuth 3
So is Co-fine Altitude, to Sine of the
Hour. - :

Ufe XL.

Having the Latitude, Declination, Ho# |
and Altitwnde, to find the Azimuth.

As — Coine of Declination, to 7
Co-fine'of the Suns Alticude 5 ;

So is =fincof the Hour, to — fin€?
the Azimuth.

Particular  Firlt, fifid the Alitude at thar Hot™ l
Quadyant- and then the Azimuth at that Alticude, #

betore, y

‘Artificiats ~ AS Co-fiue'of Altitude,“t6 fine of che
S.¢. T -

" Hour 3 ‘

So'is Coxfiné Declination, o fine of the
Azimutlyfrom Sowth; o North; ‘s £
Hour is conntedy. b  to fay, fro”
South, if the Hour xis, between . 6
moriing, and 6 ataighe ;. and fof
the North if the contrary 5 that # /%
fay, between 6 at night, and: 6 ¥t
mornifg; ‘or next 1o midpight-

1 oahinisl :}_1;& XLI-
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Ufe XLL
Hdm'mg the Latitude, and the Suns De=
clinasion, to find the Suns Azimuth
at @, :

As the fine of ‘9o, tothe Co-fine of the Artificial-
Latitude ; S.&T.
Sois the Tahgent of the Suns Declinati=
on, toCo-tangent of the Suns Azimuth
from thie North; at the hour of 6.

Fitft find the Suns height at 6, and then p. oo
n . = . o Eeodd . L
¢ Sums Azimuch at that Aldmde.

tiomak“ the «— Tangent of the Declina- go Quad
Ny a = fifie ‘of 0, laying the Thred to
D, thénthe — Co-fine Laritude fhall be
e — Co-rangent of the S#ns Azimuth
from the Nareh at 6.

Ufe XLIIL.

To fink the Amplituie, aAximuth, Ri-
ﬁ”,_(’,_: S‘”mg_, and Southing of the fixed
Stars, baving the Larirnde, Altsinde,
and Dicliration, or time Uf the year
givens :

Firl forthe Amplitude, Take theStarsParticular
D?cli.mrion, out of the par[icular Scale of Quadrant.
Altitudes, and mealuze it from 9o inthe

h - 77 Aumuth-
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Azimuth-line; and count the fame ways

and the other Point fhall thew the Stars
Amplitude required.
Example. 3

The Declination of the Bulls Eye, beit
15-48 5 if you take x5-48 from the part”
cular Scale, and Jay it from 90 in the AZ*
much-line, it will reach to 26 degree®
counting from 90 towards eicher end, ¢
fame as for the Sunin Ul 16. But jn othe
Latitudes, work as you do for the sus bY
the Rules i1 the 16th Ufe abovefaid,

For a Stars Azimuth.

Thework here is the fame as for the S
thus 3 Takethe Stars Declination from 61
parcicular Scale of Alcitudes, or Sines, D€
tween your Compaffes, and lay the Thre
to the Scars Alritude, ~counted from 60/°
toward the Loofe-picce; then carry the
Compafes, or the right-fide of the Thtf_d!
for Northern-ftars 3 and on the lefc.fide for
Southern-ftars, along the Azimuth-line, i
the other foor, being turned abour, will but
juft touch ‘the Thred ; then the fixed Point
on the Azimuth-line fhall fhew the Stars
Azimuch, from the South, required.

E .wmﬂ_f-
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Example.
The Bulls Eye being 30 degrees high,
qlall have 77 degrees and ro minuts of A-
Hmuth from the South:
If you be in other Latitudes, ufe the ge-
Heral wayes, as for the Swa in all refpeéts,
ha"lng the fame Declination that the Star
ath North or South.

Tofind the Stars Rifing, or Setting.

Count the Stars Declination on the de-
Sfees, as you count the Swus, North, ox
South, and there lay the Thred ; ‘and in the
e of Hours isthe Stars Rifing, or Set-
ng, when the Stars Right Afcention and
cclination are equal.

But at other times, you minst reckon
_ thus
Firfl, find che Suns Right Alcention, by
fe 14, and fet down the complement
thereof to 12 Hours, and the Stars Right-
Afcention, and the hour of Rifing the
hred cuts, and add theminto one fum,
d the {um, if under 32, is the time of his
fing in common hours 3 orif youadd the
*our of Serting thatthe Thred theweth, i
all give his feteing.
nE Examples
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Example, \
If you lay the Thred to x5-48, theD¢" |
clination of the Bulls Eye, in the Houf |
line it cuts 4 hours 36 min, for Rifing 5 @ |
7-24, for his Setting 5 then if you wor*s
for April the 23d; the Suns Righe Alcent” |
H on, then is 2-44 and the complement ther®™
I of to 12, is' 9-16; and the Scars Rights
Il Alcention is 4 hours and 16 minutes; 47
the Hour cut, is 4-36 for Rifing ; aad the
J three Numbers, iz, 9-16, the cornp](’.‘m‘mE
1 of the Swns Right Afcention, and 4-—16’
the Stars Right Alcention; and 4-36, the
“ Hour of Rifing the Thred cus, = beit®
added, makes 18-85 from which, taki®®
12, reft 6-8, the time that the Bulls EF
Rifeth on April 23 5 and if youadd 7:24!
the time of Setting that the thred cuts, the®
comes forth 8-56, viz. one hour and 3%
min. after the Sun,

South, ;

Subftraét the Right Afcention of the S##
from the Right Aflcention of the Scar, ¥ \
creafed by 24, when you cannot dowith®
out, and the remainder,if lefs chan 125 ¥

{
| the time between 12 ac-noon, and 2%
| = nightp |

{
l: . To findthe time of 4 Stars coming to
!
l




1
|
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fght ; bt if thE ;tmaindf:r be more than
2, itisthe tme between mid-night, and
mld-day followiag,

E umplc.

The Lyons- Hears, whofe Right A[’cenu..
s g.go, will come to the South on
War;b 10, at 9-48, the Swns Right Afcen-
tion, being chen only 2 minuts.

By the Line of 24 howrs ([ay, or Jwark,
thus 5
Extend the Compaffes from the Suws
ight Alcention, to the Stars Right Afcen~
non 5 that dxi’cancc laid the fame way from
X2 at the myddle, or at the beginning, fhall

¥each to the time of the Stars coming tQ
South

To find the time of the Stars continsance |,

above the Herizon.

Firfk, find whac the Suns femi- dmrml«
Ak is, h“luo the (ame declinanon, and
thar dUUULCd, 15 the whole time of continu=
nce; Ofyif you fhall add and fubfiract in
%o, or irom the time of the Stars coming 0.
South, . you. fhal} find chetimg of Secung
or Rifing,

Or ¢lfes

By laying the Th ed tothe Srars [

Ration, 1t thewerh the Alurionalar

ecli
Srence
in
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in chis L‘ati:uch 4\3hic]h added in tholt
Stars that have Norch declination, or i
ftracted in Southern to 6 hours, gives th¢
femi-diurnal Ark of the Star above the Ho-
rizon; Example, )

The Bulls Eye’s Afcentional-difference, ¥
one hour and 24 minuts 5 which added ©
6 hours, becaule of Northern declinatio
makes 7-24, for the femi-diurnal-Ark, * |
14" 48/, for the whole time of being abo¥¢
the Horizon, :

Note; That to work this for other Lati"
tudes, the Suns Afcentional-difference is ©
be found for that Latitude you are in, #¢ |
the Operation 15 general for all places.

Tofind a Meridian Line bythe Sun.

On any flat Hariz.anm!—P[ain, fec up 2
ftreight Wyrc in the Center of a Circle 3
or hold up a Thred or Plummet, rill the
fhadow of the Thred cur the Center, afl
any where in the Circumference, whic
two Points youmuft notes then immediaté-
ly take the Suns Altitude,and find the S##*
Azimuth, and count fo man degrees 1
the Circle the right way, as cﬁe Suns AT”
muth comes to, from the Points of the fha=

dow marked in the Circumference , att
" draw that Line for a true. Meridian-lin-

This Work is beft done before xo in the
% = VS mormngs
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"{Drnmg, and after two afternoon 5 or i the
Dighe by two Plumb-lines, fet ;’n a rllghl:-
A€ with the North-Star, at a right fcitua-
U.On.
ufe XLIII.

To find the Hour of the Night by the
Fixed Stars,

Firfk, find che Stars Alvitude; by look_ing
g the Fixed or Moveable-leg, to the
Middle of the Sear, letting the Thred, with
Sweighey Plummer, play evenly by the de-
Brees, berween your Thumb and Fore.
BEr5 to the end you may command che
Th"‘-‘da and “know whether it playeth well

Or no by tecling,

Thex,

_ Take the Altitude found, from the par-
Ucular Scale of Sines, and laying the Thied
‘over the Stars declinagion, which for readi-
nels fake is marked with ¥,2,3,4,5,6,7,8,
e 08 Ui according to the Figures fet
to the 12 Names of the 12 Stars on the
Rulc; and then carrying chie Compailes as
you do in finding the hopy by the' Sux, you
fhall find how much the Star wants, or is
'Elﬂ: the Meridian, whichis eailed the Stars=
*lour . And note, That if the Star be paft
the South, it 1s an afternoon hour 3 1f not

Ff come
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come to the South a' morning hour, which
you muft remember. TR
__Alfo. kuowing the Suns Right Afcehtiofy
{et one Point of che Compafles in [he_ S’
Right Afcention, (counted jin the Lne 00
twie x2,:0r24 hours, on the outwar_d‘lcl;
of the fixed-piece, next to the particw? i
Scale of Sines) and open the other £0 ™
Stars Righe Alcention, noting which %21
you turn the Compafles; for the fame :
tenc, applicd the fame way, from the SB%.
hour laft found, {hall (hew the true hovt &
the night required.
Example. id
Suppofe on the xoth of 'famdr},lihﬂubﬂ
oblerve the Alutude of the Bulls Eye ©© 5
20 degrees 5 if you take 20 degrees,the
titude, from the particular Scale, a_nd 1“::;
the Thred on 15-48, the Stars declinati®’
Northward, and meafure from.the H9
feale the neareft diftance to the Thred, ¥°
thall find the Compafs-pointito ftay at ©° )
on the Eaft-fideof the Meridian 3 (fUPP‘;;e
Alfey The Suns Right Afccntioﬂ:d“:{
day, 15 8 hoursand 12 minnts,
Then, 7 d
The Extent from 8 hours x2 minuts ((;“:
the Line of twice 12 hours) theSuns 18

10 0 d~ ieht Ajct?ﬂ’
Afcention, to 4-16, the Stars Rig i
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Yon, fhall reach the fame way' from 6-49,
¢ Stars hour, to 2-§3, the true hour.

Ul XLIv.
To find the Hour of the Night by the

Mooz

Firfk by an Almanack, or E bemerides,
fing tg’e i\]{oc?ns Ageyand true Pface for the
Prefene time 3 theu; by laying the Threq on
the Moops place, you may have her Righe
; fcentir.m, and alfo the Suns I_{lght Afcen=
fong anq by the Moons Altitude, taken
"°m the particular Scale, and the Thred
Laig oy, the Moons place, you find whac
the Mooy wants, or 18 paft coming to South,
Which is called the Moons hour,

Then, by the Ling of 24 Honrs, fay ;
As the Sung Right Alcention, 1s to the
Moons Right Afcention 5

Sois the Moons hour laft found, to the
truc hour.

Example,
Suppole th‘",. on the 8thy of Fanuary, a+
OUt 40 mun, after 3, there i 2 New Moon;
they note, That the Suns trye place, 1s the
%ons true place; and confequently, their
ghc Afcentions; and the Moons Hour
*09 Altitudeis the fame ywich the Suns,

Ffa Thertfore,
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Therefore;
As 8 hours 04 min. the SunsRight"Af‘
cention, isto 8-04, the Moons Rig 2
Alcention :
So is the Moons hour at any Altitude, i
the Suus true hour.
oA grzfn 3 ' he
Suppofe that on the 1ft Quarter-day,* 11
Moon being gene 9o degrees from the suts
to find her place
Then dothus 3 e
Set one Point in the Moons place T?E'
Change-day, and open the other to the %
ginning or the end of che Line of 24 ho#™
; Then,
The fame Extent applied
way from 6 hours, or 7 dayes and
the Moons Age, thall give 28 deg. § -
v ; towhich you muft add 7 degrecs :uﬂd
30 minuts (the Suus place) betweens *
the fums. (hall be the Moons true place¥
quired, viz. 6-28 degrees in .
Examile. ¢ |
¥f the Moon Cha 11gr;Pon the Sth dayz j}. -
Firft Quarter heing 7 dayesand 2 hal hes '
ter; will be onthe 1gch day laterat uig®
then the difference  becween the Sun 2 ¢
Moons Right Alcention, will be found £ 0
near 6 hours 3 for the Suns Right A?Z*;;M

the contr®t)
a ha t?

g miss
d




7
y‘zf”‘"‘? 15,15 8-3 14;3 en!l the Moons Right
Cention, the fame day, being about 8 de-
8tees and a half in ¥, 15 2 hours and 28
muts; if you take the diftance betweenr
M, on the 24 hours, it is near & hours 2
“’hich is the difference of time between the
00n and the Suns hour.
Again,
For the Full Moon ; on the 22 day, near
ours afternoon, the Moons Age being
4 dayes s if you add 12 hours, or 6
1803 to the Moons place at the Change, you
all fing o 29-0 3. to which if you add
1445, the dayes berween the '1\3\-'5' alsd
ﬁ?e]ﬁf[ j,'Ou‘ fhall find q 13 ‘dc;.}4g I‘l‘x_ij‘.. _ftm'
- woons place 5 the Suns Righe Af.—.rlfl?ﬂ
e 22 dayis g hours, and the Moons the
ime day at 1 afternoon, is p Hoursallo (or
l'at}lm: 12 difference) fo thar the Suns hour
and the Moons js equal 5 only one 1s NJILE‘.,
and the other Sougl,.
A.f“;”!
For E].lf: Laft Quarter 22 £ dayes, or 18
hours added, ang 22 degrees alio rogether,
makes m 22dgg. x1min, for the Moons
Place, by help of which, to fiad the Moons
our by her Aldrude above the Horizon
foung by oblervation.

?
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, Or,
without regarding the Sun or M
Right Afcention, having her true Age, an

Hour,

ooné

Say thus;

As 12 on the Lineof 24 hours, i3¢
Moons Agein the Line of her Age 3
So is the Moons hour, to the true houre

For,

The Extent from r2'in the middle, t© fhi
Moons Age under or over the middle, {?‘“I
reach the fame way, on the fame Line, from
the Moons hour, to the true hour, {

The like work ferves tofind the hout
the night by any Planets, as Satura, Mar»
or Fupiter, which are feen to thine v
brave and bright in Winter evenings 3 atl
having learned their Place by theix diftanc®
from the fixed Stars, or by the Epi':remﬂ'l' ¢
¢hen their Altitude and Place will find ¢ ek
hour from the Meridian, and the comp?”
ring their Right Afcentions with the Surs

0 {,116

gives the true hour, as before, in the Fixe®

Stars.

Ul XLV
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ufe xtv.

T, find the Moons Place axd Declination,
Without the Epbemerides, (ome-
what near. :

Fifﬁ, obferve when the Moon isin the
Mtridian, and 'then find her Alticude, and
¢ the fame from the particular Scale be-
Ween your Compaffes ; then fer one Poine
10 the Howr y2. and lay the Thred o ND,
d on the df':rccs ie {hall fhew the Moons
ediﬂation; and in the Line of the Suns
ace, the Moons PT(*ﬁ?nt Place, counung
°r Progrefs orderly from the laft Change-

2Ys or New Moon, when (he was with
the .Sun.

Otberwife thus ;

Obferve whar Hour the Moon fheweth on
T.;'Y 5“““(1”‘1; atthe fame nftance by dhe
ixed Stars,. or other wayes, find the true

Hour 3
Then,

The Extent from the Moons Hour, to the
the erye | {our, fhall reach the fame way from
¥25t0 the Moons Age, right azainft which
15 her coming to Seuth, at which time you
2y find her true Alncude, and fo come by

¢t Declination,
EFf 4 Tet
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Yet again, for hew Age and Plact, aceo
ding vo Mr, Strect, and My BlundeV!

e

I

Add theEpac, the Month, and Day
Month in one fum, counting the Month®
from March, by calling March the i
Month, Apri/ thefecond, &c, thett fhai :
(um, if under 30, isthe Moons Ages ~~ |
if the fum be above 30, then (ubftract 3%
and the remainder is the Moons Age, WP h
the Month hath 3 dayes 3 burifthe Mon™
hath but 30,0t Iefs than 30 dayes, then fuf -
ftract but 29, and the remainder 15 £
Moons Age.

Or rhm;

Add to the Epné’c for the prefent }'Cﬂrl;
and in Fanuary o, in February 2, 10 bLZ ﬂfﬁ,n
1, in April 2, in May 3, 1In Funt 4 '111
Fuly 5, in Augaft 6, 1n Sepremver 3, ;ﬂ

Détober 8, in Nowvember 10, in Dece®
gxé

103 and thefum, if under 30, or the &
: onti’s

above 30, added tothe day of theM
abating 30, if need be, gives the Moons * €
that day ; but {ubftraéted from 39, leav®
the.day of her Change in chat Monthy ©

from the besinning of that Month.
. 5] 2 E:‘:ﬂrf»’?!"
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Example. July-10. 1668,

The Epatt that year is 26, and the Num-
ber for Fulyis 5, the Excels above 30, is 1;
Which 4dded to any day of the Monthas to
10, gives 11, for the Moons Age, Fuly 30
X668,

Thes for the Moons Place.

Multiply the Moons Age by 4, and - the
Produgt divided by 10, the Quotient giveth
the figns ; and the remainder multiplied by
3> gives the degrees, which you muft add
o the Sups place that day, to find out the

1oons place for that day of her Age,

Example.

On Fuly 10. 1668, the Moons Ageis 1,
hich multiplicd by 4, makes 44 ; and 44
divided by 10, gives . 4 figns in che Quoti-
ent; and 4, the remainder, multiplied by
3/makes 32 degrees more 3 which added to
A dﬁcgm“: the Suns place on the
1cth day of Fuly, makes xx degrees in

Sagittarim, the Moons place che fame day,
prope Vernm.

wl

Or
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Or rather by the Rule thus, onthe Line of
24 bours by particular Scale, baving
the Moons place, to find ber Age by 1he
Line of 24 bours,

The Extent from the Suns true place,
the Moons true place, fhall reach che {am®
way, from o day, to the day of her Age.

Or contrarily, baving the <Moons 114
Age, to find ber true Place,

The Extent from o day old, to the Moo
true Age, {hall reach the fame way from the
Suns true Place to the Moons.

Or, baving the Moons true Place at the
New Moons to find ber Place any
dayof ber Age after.

The Extent from v, to the Moons tru€
Place at the Change, fhall reach the fam®
way, from the day of her true Age, t> hef
true Place, adding as many degrees to €
Number found, as the Moon is dayes old.

Then,

Having her Place, and Age, it is cafie ©©
find the Moons Hour, and then her trt®
Hour; burI fear I fpend herein too mué 3
time on an uncercain fubject, ;

e i . Ufe XLVI-
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Ufe XLVL

be Right Afcention and Declination of
any Star, with the Suns Right Afcen-
tion, and the Hosr of the Night given,
to find the Altitude and Azimuth of
that Stary and thereby to kuow the Star,
if you knew 5t not before,

Set one Point of the Compaffes in the Sears
Righe Afcention, found in the Line of rwice
2 hours; and open the other' to the Suns

ight Alfcention, found in the fame Line;
sen this Exent fhall reach, in the fame

he, from the true hour of the Night, to
the Stars hour from the Meridian 5 then
*¥ing the Thred to the Stars Declination,

€ N'D from the Stars hour, in the Line of
'ours, to the Thred, meafured on the par-
tcular Scale of Alritudes, gives the Stars
Alutude ; then by his Declination and Al-
tirude, you may foon find his Azimuth, by
Ule 27.

And if the Inftrument be neatly fixed
to a Foot, to fet North and South, and turn
o any Azimuth and Alatude, you may
find any Star, at any time convenient and

vifible,
Ule XLVII,
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Ufe XLVIL

The Alvitude and Azimuth of any Star
being given, to find bis Declinations

Lay the Thred to the Alcitude on the dé-
counted from 6o|o toward che €0

Srars Azimutis
the

grees,
then {eting one Point on the
counted in the Azimuth Line, and take
ND from thence tothe Thred; which @
tance meafared from the beginning of

particular Scale of Alticudes, ihall give 2

Declination,

If the Compaffes ftand on the righ:_ﬁde
of the Thred, then the Declination is Norehs
3£ on the left, itis South 3 according as you
work for the Suns Azimuth ina parcian®

Latitude.

ufe XLVIIL
The Altitnde and Declination of any S
with the Right Afcention of the SH”
and the true Hour of the Night givt?
to find the Right Afcention of th#
Star.

[714)

Firfk, by the 43d Uk, find the S
Hoyr, viz. How many hours and minues i
wants of coming to; Or 1S pait dmI_\[cl".(d“
an ; then the Extent of the Compaties \S”

i

1€




the Line of 24 hours on the Head-leg) from

the Stars hour to the srug hour, fhall reach

the fame way from the Suns Right Afcenti-

O, to the Sears Right Afcention, on: the
ine of twice 12, or 24 hours,

Ufe XLIX.

To find when 4%y Fixed Star cometh ta
South, bythe Line of twice 12, or 24
bonrs.

In Ufe 42, Seftion 4, 'you have the way
¥ Subftraction, wich its Cautiops : But by
the Line of twice x2, -or 24 hours, work
| tha ;
Coung the Suns Righe Afcention on that
e, and take the diftance from thence to
the nest 12 backward, wiz. that at v, 2t
th_e beginning of the Line, when the Suns
ight Afcention is under 32 hours 5 or, t0
mf: next 12 in the middle of the Rule at=,
when the Sans Right Afcention 1s above 12
howrs, (which is nothing but a rejecting 12
or more conveniency ).
| Thex,
The {ame Extent laid the {ame way from
the Stars Right Afcention, fhall reach to
the Srars coming to South. |

Or,
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Or’
The Extent from the Sun, to the Stars
Righe Alcention, fhall reach the fame w2y
from 12, to the Stars coming to South,

Example, for the Lyons-Heart,
] Augaft 20,

" The Suns Right Afcention the zoth of
"Augnit, is 10 hours 36 minuts ; the Right
Afcention of the Lions-Heart, 1s 9 houts
and 5o mun,

ﬁfrlfﬂrf,'

The Extent from, 10 hours 3¢ min, ©
the beginning, fhall reach the fame way
from o hours yo min, ( by borrowing %
hours) becaufe che Suns Right Afcention 15
more than the Stars ) to 11 hours x3 mif
of the nextday, @iz, ata quarter paft 113
or, at 11 hours and r3 min, thefame day 3
where you may obferve, that the remainde*
being above 12, if yomadd 24 hours, the
time of Southing is berween mid-night,an
mid-day next following,

Lfe Ls .
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Uk L.
To find what two dayes in the year ave of
equal lengih, andthe Suns Rifing and
Setting.

¥

Lay the Thred on any one day in the
Upper Line of Months, and Dayes, and at
the fame time the Thred cuts in the lower-

ine of Months theday that is anfwerable
% it in length, rifing, fetting, and declina-
Yion, and other requifites.

“Example.

The 14t of April, and the 25 of Auguit,
3¢ dayes of equal length; and the Suns

fing and Setung is the fame on both thofe

ayes ;3 only in the upper-Line, thedayes
3¢ increafing in length, and in the lowe=

ine they are decreafing. o

ufe LI,
T find how many degrees the Sun 1 tn-
der the Horizon at any Howr, the De=
clination and Hony being given,

" Count the Suns Declination on the de=
Btees, the contrary way, wiz. for North De-
Clination, conne from 6¢|o toward the end;
g ¢ount for Southern Do clination roward
the Head, and thereunto lay the Thred 3

then




48 ,
then take the nearcft diﬁalcc from the hou®
given o the Theed ; chis diftance me”
fured in - the particular Scale of Aleicigdes
fhall fhew the Suns Depreffion under the
Horizon at that hour.

Example.
January the sorb ar 8 at Night, bow
many degrees # the Sun under
the Horizox.

¥ On that Day and Hour, ‘the Suns Declt
nation is about 20 degrecs South 3 thenif
lay the Thred to 20 degrees of Declinarto?
North, and take the nearcft diftance from
8 to the Thred, that diftance, 1 fay, med”
fured in the particular Scale, gives 3495
grees aid ‘g min, for the Suns Deprciﬁon w
der the Horizon of . 8 afternoon,
To do this in other Latitudes, you art
to find theSuns Alurude ac 8 in Northes?

Declination, by 1fe 37.

|

$hhaseessrasssssls

CHAP
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CHAP. XVIL

The ufe of the Trianguler 2qa-

drant, in finding of Heights

G ‘and Diftances, acce[fable or
inacce[Jable.

: Life 1.
7o find an Altstude at oxe Station

Ieft, The Trianguler Osadrant being
rettified,and fixed to a Ball and Socket
and three-legzed-ftaff, being neceflary in
thefe Operations to perform E'u:m exactly,
Elpecially for Diftances ; look up to the ob=
JeCt as you would to a Star; and obferve
What degree and minut the Thred cursyand
fer i down: Alfo, obferve the place where
You ftand at the time of Oblervation, and
- the diftance from your Eye to the ground,
‘and che'place on the objeét chacis level with
Yolur eyé alfc ; -4s theplaying of the Thred
#ad Plymmet will plainly (hew.
e Gg Alfo;
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Alfo, you muft have the meafure ﬁ'Om'
the place where you ftood obferving, to the

‘Poine exaéily righ underthe objedt, whof

height you would have in Feer, Yardss
Perch, or what you pleafe, ito Integers, an
Frattions in Decimals, if it may be.

Alfo Note, That in all Right—Auglﬂ‘
Triangles, one Acute Angle is alwayesth®
complement of the other ; {o that obferving
or finding one by Obfervation, . by confc~
quence you have che other, by taking that
from g0.

* Thefe things being premifed, the Opera=
tion followes, by the Artificial Numberss
Sines and Tangents, and alfa by che N
tural.

Note alfo by the way, That in regard th
complement of the Angle obferved is f1¢°
quencly ufed, if your count the degrees the
contrary way, thacisto fay from the HeaGs
you fhall have the complement required 5 #°
hath been oftentimes hinted before.,

Then,

As the fine of the Angle, oppofité. o the
meafired fide, j$ to the meafured fid®s
counted on the Numbers ;

Sois the fine of tHe Angle found, to the

, Aldtude or Heighe required on Num”

bers,
| Figure .

|
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Example at one flation.

StandingatC, Ilookup to B the objelt,
Whofe Heighr is reguired, and I find the
Thred to fall on 4.x degrees and 45 minus ;

ut if you connt.from theHead, icis 48-15,
the complement thereof, as in the Figure
You fee.

. Allb, the meafure from C 10 A, 15 found
te be 218 foor.

Then,
‘Asthe fine of 48-1¢, the Angle at B,
being the complement of the Angle ac
C, isto 2.x8 on the Line of Numbers 3
So.is the fine of the Angle at C, 41-45;
to 19§ the Alitudeof A B the heighe
{)cquired, found on the Linc of Num-
ers.

To which youmuft add the height of
your eye from the ground, in the time of
Obfervation ; or on rifing grounds troma
Mark onthe Building, or any other objcct
that is level with your eyc intime of Ob-
{eryarion. ‘

Gg 2 4 [econd

Fig. 1



Fig. 1.
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‘A [econd Example fanding at D

But 1f T were ftanding at D, 129 foot flﬁd
ahalf from' A, and would find the height
A B, ‘the ‘complement’ of the Angle at Dj
that is to' fay, the Angle at B is 33-30:

Thhis being prepared, then fay

Al the fine of "33-30, the Angleat B, t0

~ the mealured-fide D Ay 129 £ count®
on the Numbers's

So is. §6-30, the fine of the Angleac D
t0 “19¢, theAlttade required, A By

- vand 5 foot more, ~ the ufual height of
the eye from theLevel to the grounds
makes ‘200, ~the whole heighe 16
quired,

To swork this by the Triangnier Quadranty
: fay thus 3 .
As — 129 1 ; taken from any Scale, ¥
to the = fine 'of 33 deg, 36 min. 18y~
ing the Thred to the neareft @i
ftance;
So 1s the = fing of !56 -30, the Angle 3¢
D, tothe — mealure of xp§ on che
Scale you took 129 £ from. The
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The lske manver of werk, % by the Sellor,
s ths, in the foregoing Example.

As 218, taken from the Line of Lines, to
the —fine of 48 deg. x¢ min.

So isthe — fine of 41-45,to0 195 onthe
Line of Lines latcerally,

Apyd yet furthers
Sois the=fincof 9o, 1029 1ythe Line
CB.
Ufe II,
To find an Altitude at two ffations.

But if you cannot come to meafure'to the
foor of the obje&, then you muft obferve
A two places,

As thus for Example.

Firft, as before, find the Angleat D, or
Tather the complemient thereof, viz. 33-30 3
then go furcher backward in a righe Line
with the object and firfk ftation, any com-
petent Number of fees, asfuppofe 88 . to
C; there alfo obferve thie Alritude or Com-
plement, 21z, the Angle A BC, 48-15.

Then,

Find the difference berween 48-35, and
33-30, andIr1s 14-47.

Gg 3 Then,

Fig. L
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Then,

Asthe fine of the difference laft found,
viz, the Angle CBD, 14-45, ©
88 1, ontheLincof Numbers;

So isthe fine of the Angle at C, 41452
to the meafure of the fide DB, 233
on the Ling of Numbers.

Again, for the [econd Operation.

As the fine of 9o, the Angleat A, totht
Hypothenufa D B, 233 5

Sois the fine of §6-30, the Angleac D
to 195, the Altitude required,

The [ame bythe Trianguler Quadrant,
or Settors

As — 88, the mealured diftance CD»
tothe = fine of 1445, CBD ;

So is=fineof 41-4§,to the — meafur®
of 233, the oppofite-fide D B.

eAgain,

As — 233, taken from the Line of
Linesy to = finc of 90 ;

80 is the = finc of §56-30, the Angle at
Il}w.’ to — 195, on theLine of Lints
the heighs required

PR e

‘b
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‘. ufe IL
Anather way to [ave one Operation
from 1
Firft , obferve the complement of the Fig. L,
Angleac D, and alfo the complement ofthe
AnglearC; then count thele two comple-
Ments on the Line of Natural Tangeats, on
the loofe-piece, or moving-leg, and take the
diftance getwecn them, and meafure it on
the fame Tangent-line from the beginning
thereof, and note what Tangent the Com-
pafs-point ftayethat, and count that for the
firft term, in degrees and minuts.
Then,

Asthe Tangent of chis firft term, to the
meafured diftance CD, 88 5, on the
Line of Numbers 3

Sois the Tangentof 4§, to the Altitude
required.

Thus i our Example 5
The diftance meafured is 881, the two
complements 3 3-30, and 48-1§5 5 the di-
flance between them makes the Tangeacof
24-34,10 be ufed as afirflt cerm.
Then,

Asthe Tangent of 24-34, the firft term
laft found, to 882 onthe Numbers 3

So is the Tangent of 45, to 19§, fere,
ox the Numbers, the height required.

Gg 4 "~ DBut
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Bas if the diffance fremDor C, to A, bt
foor of the Obseit, were rigmived,  the#
the manner of Calenlation runs thus ;

As the Tangent of the difference of the
Co-tangents firft found, 24-34, is
the diftancebetween Dand C 881z ;

So is the Co-tangent of the greater Atk
48-x5, to the greater diftance C A
218,

' Or,

So is the Co-tangent of the leffer Ark
33-30, to the leffer diftance D As
120 .

But if the Hypothennfass be required,
then reafon thus 5

As the Tangent of the difference firl
found is 24-34, to the diftance b
tween the ftations Dand C, 882 3

8o is the Sccant of the Angle at B ché
greater, wiz. 48-x¢, counted beyon
90,t0 CB 201,

Or,

So is the Secant of 33-30, the leflef
Anglear B, t0233 the leffer diftance
D B, the Hypothenufz required,

i 7
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Towork.thefe twa laft by the Trianguler
_Q\nmfr:mt.

Firft, prick off the Tangents and Secants
to be ufed parallclly, from the loofe-picce,
o0 the greater general Scale s and note
thofe Poants for your prefencule,

As thus 5
The Tangent of 24-34, taken fromthe
oofe-piece from 6o, counted as oo will
reach to thefineof 10-40, onthe general
Scale,
Secondly,

The Sezant of 33-30, being the meafure
from the Tangent of 33-30, on the loofe-
picce (counting from 60) to the Center, will
reach on the general Scale from the Center,
to 28-50.

Thirdly,

The meafure from the Tangent of 48-x4,
on the loofe-picce, to the Center, being the
Secant of 48-x5, willreach from the Cen-
ter to 32-§, onthe general Scale,

This being prepared, the work_ ss thus 3

As — diftance between the two ftati<
ons, to = Tangent, of che firft texm,
at 10-40 ;

So is == Tangent of 45, to the Alcitade
required.

Again,
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Agdin, for the Diffance.

As — diftance between the two flati*
ons, to the = Tangent of the fir
terms

So is the = Tangent of the greater Anglé®
complement, at 26-36, to the greatt
diftance CA 218, Oy,

,'Sois the = Tangent of the fefler AngleS
complement, a¢ 1§-25, to the [efler
. diftanceD A, 129 %; O,

So isthe = Secant of the greater Angles
complement, at 32-§, to the grcnth
Hypothenufa CB,291. O, .

So'is the = Secantof the lefler Angle®
complement, at 28-50, to the [efler
Hypothenufa DB, 233.

Ufe 1V,

Another way for Alrirudes, by the Lint of
Shadows,either acce[Jable or unacce/[ablés
by one or two flations,

If this way be defired, it may be puto®
this, as well as any other Quadrants.
Thexn the ufe is thus 3 Figure 1L

Suppofe that A B be the heighe of a Trc¢

or other Object to be found 3 gofo far bac
. from

-

i

Al R
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fromg ity as fuppo{E t:s(.?, ull looking up by
the two Pins put for fights, the Thred falls
M 45 degrees on the Quadrant, oronon
the Line of Shadows; then, Ifay, that the
tight A'B, is equal to the diftance C A,
More by the height of your cye from the
Stound,
Bu if you go further back fill to D, «ill
the Thred falls on 2 on theLint of Sha-
Ows s that is to fay, at 26 deg.34 min, the
Altirude will be but half the diftance from
A3 butif you removeto E, the Thred fal-
h“g on 3 on the Shadows, the Alcivude will
¢ bt one third pare of che diftance E A.
_Frem hence you may obferve, that obfer-
Ving at C, and at D, where the Thred falls
o1 1 and on 2, the diftance berween € and
»is equal to the Aliitude; fo likewife at
and at E, and {o by confequenceat 1 5 and
2iand 3%, orany otherequal parts, This
5an excellent cafiec way.
The like will be if you obferve at D and

y looking up to F, where the Altitude
A Bis gwice the diftance A C.

ue V.
Another way, bythe Line of Shadows,

at one flatian,

Meafure any diftance, as feet, yards, fr;;g_ 1
the
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the fike fromany objeéts as fuppofe fro®
A toD were g00.foot, and looking up ¥ |
B, the Thred cuts the ftroke by 2 onth?

Line of Shadows.

Thes by the Line of Numbers, [ay3
As 2, the partscut, isto 1 5 !
So.is 200, the diftance meafured, to 100
the height.
Or,

Suppofe I meafured any other unev®
Number, and the Thred fll berween 00 ©®
the Loofe-piece, -and 1 on the Shado¥¥ |
commonly called contrary Shadow.

The Rule is alwayes thus ;

As the parts cut by the Thred, are to ¥ ;c
So is the meafured diftance, to the heig”
required, being lefs chan the meafur®

diftance,

Bus when the Thred falls between x and 9°
at the Head, called right Shadow 5 ¥ hev |
the Rale goes thus ;

,
As 1, to the parts cue by the Thred 5 |
So is the meafured diftance, to the he1ghts

being alwayes more than the meafure
diftance from the foot of the object, @ |
she fation, 5

[
ufe VI
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x Ufe VI,
Ansther way by, the Long of Shadows]
and the Sun. [bining, :
l When the Sun fhineth, find his Alritude,
dalo as the Thred lics, {ee what divifion
"the Line of Shadows is cut by the Thred,
10d then {traightway meafure the fhadows
oth on the ground ; and if the Sun be
ider 4 5 degrees highy the fhadow 1s lon-
| 8% than the length of thatobject, which
| {Wfeth che fhadow 3 bt if the Sun be a<
| 1% 45 degrees high, then the objeét is
t?“%‘tr than the fhadow 3 and the Operati=
N i thus by the Line of Numbers, only
lth g pair of Compafles,
The Height of the Sun -being wne
_ ar 45, [ay5
As the parts cue by the Thred on the Sha<
f_iows, IS0 135
S01is the Shadbw meafured, o the height
required.
| The Hyight of the Sun being a
[ beve 45, [43
&5 1, to-the!parts:cut by the Thred on the
Lincof: Shadows$
is the nicafure of the fthadow, to the
heighe in'the farge parts,

Ul VII,
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Ufe VIL/

To find an inacceffuble iAkitude, by tBE |
Quadrat and Shadows, atberwife.

Oblerve the Altitude atboth flations, ““.d
count the obferved Altitudes ar both fta® |
ons, on the Quadrat or Shadows, accordif |
as it happens to be either aboveor undes 49 |
degrees 5 and take the leffer out of * @
greater, noting the remainder for che #°°
termy and the Divifor to divide the .;1
ftance between the ftations, increafed “f'“.s
- Cyphers, if need be; and  the Quotient *
| the Anfwerrequired.

But by the Line of Numbers, work th 3

The Extent from the difference to 1, ﬂ:fll‘l
reach the fame way from the meafured
ftance; to the heighe required.

Example, Figuge II, e
Let ABCDE reprefent the Object:?" :
three Stations 3 let the Line AC reprele?
the Altitude; the Point B one ftations 5
foot from A ; ‘D another ftation, 30° t‘;u‘-
from A, o sotrom B ; and E another #14°
tion, 73 foot from D, or 173 foot from ﬁ;
all which meafures you need not know e
fore, but only BD, and DE; Alf&nf,,;
7]
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Angle at B, 63-27, and his complement;
unting the other way, being the Angleat
26 degyees 33 minussy the Angle at D
45, and his complemenit {o alfo 3 the Angle
R E 30, and his complement - 60, Now
Mind the Operation by eicher of thele, Firft
2y the Thred on 26-33, and in the Qua-
Qrat it cuts o '3 lay the Thred on 455 and
11 the Shadows, or Qzadrat, it cuts 100, or
Y3 or, if youlay the Thred to 60, thenin
e fhadows it cuts 173,
. The differince berween 173, and 109,

15 73.
Ther,

As 3, the difference in Tangents be-
tween the two obfervations, is to the
diftance in feet, 733

8o is Radius:x00, or the fide of the Qua-
drat, to 100, the hight required.

Ag“"‘,r for the two neareft Obfervationts
whofe difference of Tangents, % 50-

As 50, the difference in Tangents, to §O
foot the meafared diffance ;
So is 100, the fide of the Quadrat, to
100 theheight, A
A Again,




"AgainLafily by the obfervasions s B & By
tbe difference of Tangents being 123,

As 123, the difference  in Tangents, © \
123, the mealured diftance
So is 100, the Radius or fide of che
Quadrat, to 100, the height requirt™”
Ty . 2
In the firfl Figure, the Angles at the “’g
being 33-30, and 48-15 3 and chem®

fured diftance 88 foot and.a half, . the di**
ference in Tangents will be 45-8. |
Thenr,

As 458, to 100, the fide of the Q¥

drar;,

So is 88 1, zhe meafuied diftance ¥

194, the Altitude required..

This way ‘is general for'any Stauo
though both of right thadow, or both °
contrary, or mist of right and contxafy?
and done by theLine of Numbers, of
Muldplication and Divifion. , el

Alfo Note, That you may find this dif
ference in Tangents or Secafits, by the Na-
tural Tangents, or Natural Secancs ori th
Settor, and the Scale of equal parts belons®

ing to them, !
Thi

|
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Thu H

Take the difftince’ berween the comple~
blement of the two obfervations, on the
greacer or lefler Line. of Tangents,: (asis
moft convenienc ) and meafure this diftance |
1n the Line of Lines, or equal pares equal to
that Radius; and that fhall be che diffe-
Yencein Tangents required. Thelike for the
Secants:

Alfay By the Artificial Numbers, Sines,
ingd Tangents, you may come by this diffe-
Yenécs in Tangents, -or Secantsy very well
thyy s

Juft tight againft the Tangent of'the Co-
altityde, counced onthe Line of Tangents,
Wthe Line of Nambers, 1s one Number ;
nd againft the Tangent of the compliement
of thelother Angley is the other Number' 3
Only with this Caution, That if the Tangent

eabove 45, then take the diftance trom 45
to the Tangent, agit is counted backward,
wich - Compafles; and fet the fame the in-
creafing way fromi 1, on che Numbers, to
the arher Number réquired 3 then'the lefler
taken from the greater, leaves the difference
1n Tangents that was requived, Inthefams
Manner, the Sines counted from 90, and

“laid the contrar j way from x increafing,will

givethe difference in Secants, to nicafure che
A€ and Hypothenulapy N unbc'r.ﬁ ouly.
Hh U VI
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Ufe - VIII,

Another prestyway by Scale and Compafy
without Arizhmnick, from T. S.

On any plain Boards end, or Trenchefs
draw a right Angle, and in the mceting”
Point, and on one Lines-end, knock tw?
Pins, or {mall Nails, as near as you can 8f*
vight 5 then onthe Pin that ftands inth®
right Angle, hanga Thred and Plummet 5
then lift up the Board, with theright Angl¢
toward the Objeét, whofe height you would
have, till the two Pins and the Object at®
brought to a ftreight Line, the Plumme*
playingeven and truly.

Then draw the Line, that the Thred
maketh, onthe Board ; »

Then meafure from your ftanding, to Ib{f
foot of the Objest, and take the numb¢*
of feet, or yards from any Scale, and lay
from theright Angleon tge other Line, 3“d
raife a Perpendiculer from thence to- the

- Plumb-line made by the Thred, and tha®

fhall beche Altitude required, beingmed
jured on the fame Scale,

Example. '

Let ABGD reprefent the Boards ends

tr Trencher, and on that, lee AB be onf

flreight Ling, and A G gnother Perpendic

;llrﬁ.? |
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Sler to it 3 inthe Point A, krock in on¢
Pin; andin B, or anywhere toward the
tnd, anothery On the PinacA, hang 2
hired and Plummet 3 and ftanding at I,
8Ny convenient ftation, look up by the two
Pinsar B and A, rill they bourn in a right
ine with the Point H, the objeét whole
teight is to be meafured ; then che Plummet
Playing well and even, make a Point juft
therein, and draw the Line AD, asithe
hred (hewed. .
Then,having meafured the diftance from G
the foor of the Object; to I che {tation, take
It from ang ficft Scale, and lay it from A to
5 then on the Poine G, raife a Perpendi-
Culer vo A G, till it interfect che Plumb-line
AD. then, I fay, the diftance €D, mea-
Ured on the fame Scale youtook A C from,
fhal] e equal to-the Alsitude GH, which
Was required,

Ufe IX.
The fame work st two flations:

But if you cannot come to meafure from

L, the firft ftation to G 3 then meafure from
toK 3 and having obferved at I, and
drawn che Plumb-line ADj take the mea-
fure berween I and K, the two ftations;from
Sny fit Scale of cqual:parts, and lay it on the
Hh 2 Ling

Fiz. Vs
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Line AC,' fram A toC, wiz. 79 pares;

and inthe Point C, knock another Pin, a0
hang the Thred and Plummet chereon; a0

;oblerve carefully where this laft Plumb-lin¢
doth crofs che other, 'as fuppofe at 'y the? |

fromE, lec fall a Perpendiculer o the Lis®
A C; ‘which Line /AC fhall be the height
G H:requireds: (orthus, the ‘neareft di*
dtance from E to AC 1s the height ¢

.quired )! @iz, 120 of the fame pares the

1K is 793 Note the Figure; and behol
that, AC F'E, the fnall Frgure on the Boa®
1 like and proportional o A'Ay GH, che
greater Fignre., ¢
 Orher wayes therebe, as by aBowl ©
-Water, or ‘aGlals, ar a Plafh of Wate"
or.a Squarcs . bue-thefe fec down, are'®
_conventent and ready as any whatfoeve! 7

(. Asin the next Figure you may fee the w9y

by the Glafs, and Square,

As thu g
Let C reprefent a Glafs, a Bowl, or plafh
of Water, whereiathe Eye, at A, feest”
~picture or veflection of the Objeét E.

Then, by the Line of Numbers

As CB,.the meafure from your foot *
the Glafs, isto A B, the height fro™
your eye, to the ground at your foof éo
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80 15 the meafure from Cto D, tothe
height DB,  See Figure VI,

Again, to find a diflarnce bythe Square,
that i not ozﬂ:r-laxg.
Let - rsprefcnz the upper-corner of a
Quare; hung on a ftaff at F; chenthe
e paye of the Square directed to E, and
e other to, A,

The Proportion will boldy bythe Line of
Nymbers.
As FA x1-37, 0F C 50;
80is ¥ C g0, to FE 220.
That 1s,
52‘0 many times as you find ‘AF in FC3
S0 many times is FC in FE, and the
like.
: Z‘Vm? That you muft conceive AFEta
£ the Ground, or Bafe-line in this Opera-
on by the Square; Cbeing the top of an

Ipright Sraff, s foot long, called 50 for
ght ¢ o 50 fox
Taftion fa}-»;c., ¢ ¥ e

Uk X.
To find 4 Diftance not approachable by the
Trianguler Quadrant.
Let A reprefent the place of ftanding, FisliL
A0d A C be the-diftance required,
Hb 3 Firft,
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Firft, T planc m; Triangnler Quadtith
fer upon a three legged Staft and Bail focke?
right over the place A 3 and then bring &
Index with two fights in it, Jaid or faften®

tothe Center of the Triangnler Quadratt
tight over the Lines of Sines, and Line

cutting 90 ar the Head 5 the Index "nfl
fights fo placed, hold it there, and bring #
aud the Inftrument together, till you fec* ¥
mark atC, through the two fights, by help
of the Ball-focket, and then therc keep¥?
then remove the Index only to o-6a on 't

loofe-piece, which makes a right Angle ;37
fet upa mark in that Line; at any conven’”
cot diftance 5 as fuppofc ac B, 102 0ok
from A ; then femove the Inftrument 0077
and laying the Index on the Center, #°
©-60 on the loofe-piece, direét che fight® e
A, the firlt ftation, by help of a mark 1ett'
there on purpofe 3 Then remove the fight®
tifl you fee tﬂc mark ar C, and note exaltly
on what degree the Index fallech, as here i
6o, counting from o|6o on the loofe-piee?

b

or on 30, counting fromthe Head, wht
she Angles ac B, and at C,

7ot
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Then by the Artificial Numsbers, Sines
and Tangent s on the edge, (ay;

As the fine of 30, the Augle atC, to
102, the meafured diftance counted
on the Numbers;

So i the fine of 6o, the Angleat B, ro
117, 0n the Numbers, the diftance re-
quired.

So alfo is 90, the Angleat A, t0 206,the
diftance fromB o C,

Or, by the Lines and Sines onthe Qua-
drant-fide, as it liesy thus

As the — meafure of 102, raken from
any Scale, as the Line of Lines doub.-
ling, to the —fine of 30, laying the
Indes, or a Thred, to the neareft di-
ftance;

So is the — fine of 60, to r17, meafured
lateerally on the fame Line of Lines,

And,
Sojs the = fine of 9o, to 206, the di-
{tance from B to C.

So alfo, 1f youobferve at B, and at D
Only; you muftbe fure to fer yourInftru-
Menc 3t one ftation, at the fame fcituation,

Hh 4 as
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as at the other, asa looking back from ii“j
tion to ftation will do ity and the fame wal
of work will ferve.
For,

Asthe Sine of 20, .t0 110

So is the Sine of 40, ta 206.
And,

« - Sois. the Sine of 120, to the Line pe

278, &,

Life .. X1,
17 find @ Breadth and a Diffance at 4%y

two Stations.

Let A B be two marks, as two corners “f
a Houfe or Wall; and let che breadth bi
tween them be demanded, and their diﬂaﬂr";
from C and D, the two {tations 3 . Firff ,E
up two marks at the tyvo flations, thes f“:
ting up  the Inftrumencat C, fer the fld:l_
cial Line on the Rule ro D, the other mar™’
then direct che fights exaétly to B, and tcl
A; obferve the Anoles DCB 45, 3"
D CA r13-0, as in the Figare, '

Secondly, Remove the Inftrument to _D'
the orher ftation, «and fecehe ﬁ(‘luCiﬂ_l‘I‘_']ﬂe
of the Quadrant (4=, the Line of L1n€

- and‘Sines) diveétly o C 3 then fixic theres

and reinove the Index and fights t© A, il“d
3 s Sk

to By tozer the Apgles CD A 427305818

3 {2 b = n C Dﬁ




1 473 1

CD B1cg-e3 Then obferve, that the 3
Angles, of every Triangle, being equal to
18 degrees's ~having got the Angles at
C 113, and the Angle at D 42-30, by
“onfequence, as you take 155, the fum of
the Anglesar, Cand D, out of x80, then
there remains 24-30; the Angleat A,

So alfo, Taking 109 and 45 from 180,
%fts 26, the Angleat B3 thenalfo, taking
45, the Angle BCD, out of 1135 the
Angle D C A, refts 68 degrees; the Angle
SCA, inlike manner, taking 42-30 from
g, the Angles at D, refts 66-30, the
Angle ADBj3 and let the diftance mea-

red, berween the ewo ftations, be 100,

Yz, CD. Thefe things thus prepared by
the Artificial Numbers, Sines and Tangents
o4 the edge,

Say,

As the Sineof 24-30, the AngleatA,
to 100, on the Numbers, - the mea-
fured fide CD

Sois the Sine of the Angle at D 42-30,
o 164, on the Numbers, the fide
CA,

S0 15 the Sineof 113, the Angle ACD,
to 222, onthe Numbers, thediftance
trom Cto By .

Alfo

i
1

e
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Alfo, for the other Triangle, at the o-
ther Statign D.

As the Side of 26, the Angle C B D)
to 100, ofi the Numbers, the mes
fured diftaiice CD 5 °

80 s the Sire of 4§, to 161, on the Lin¢
of Numbers, the diftance from D t0
B;

So is the Sirie of 109, the Angle C DB

€0 216, on the Numbers, the diftanc®

fromD to A.

Then, baving the Sides DB 161, anh
AD222, aid ADB the wArngle i
cliuded 66-30 , to find the o Anglt?
DAB, o ABD, ufe this Propor-

tion,

As the fum of the two fides given, is ©

‘ the difference between the two fides >
‘ So is the Tangent of half the fum of the
1 ewo Angles fought, to che Tangeh®

of half their difference.

Example, d

222, and 161, make 383 for a fum 5 2"
2671, taken from 232, reft 63 for a A

rEnge. .
rmee: _Agd}ﬂ)
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Again, :
_ 66-30, taken from 180, reft 113-30,
for a fum of the Angles fought, whofe half
36-45, isthie third Number in the propor-
ton.

As 383, the fum of the two known fides,
is to 061, the difference on the Num-
bers ;

So is the Tangent of §6-45, the half-
fuem of the two Angles fought, to the
Tangent of half the difference 13-403
which half-difference, 13-40, added
to §6-45, makes 7o-2¢, the greater
Angle required at B, viz. A BD.

Thes alfo,
¥ you take 13-40,from §6-45, the hali-
#m of the Angles inquired, reft 43-05, the
Angle B AB; the like may you do with
the other Triangle A B C, being ncedlefs
M our Propofition.

Thus having found the Arngles, and one
1de, the Sines of the Angles, as proportional

to their oppofite fides.
As the Sine of 44-33, the Angle ABC,
15 tothe fide A C 146, onthe Num-

bCI‘S C

S0
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So is the Sine of 68, the Anglear, 0
217, thediftance berween the marks

required.
. or’
As Sine 43-05, the Angle at A, €@
161

Sois Sine of 66-30, the Angle at Ds
to 217, the diftance between the marks
required.

Alfo note,

Thatif this manner of Calculation bE
tedious or difficult, thenon a Slate, or the®
of Paper, you may doit by protraction, by
the Line ‘of Lines and Chords, or ha
Sines, very near the matter with care ;

Thus: Draw CD the Station-Line, ©F
meafured-diftance 3 and make A D x00
from any fit Scale. Then, on C and D
draw a Circle; and on thare Circle lay©
from C and D the Ansles, found by oblers
vation, and draw thofe Lines, and wher®
they crofs one anoher, asat A and B, dra®
the Line A B : thofe Lings and Angles mcd=
furcd on thefame Scales and Chords, fha
e the Sides,breadth,and diftances requiged s
as you fce in the Figure.

' e XII.

\Aunother way for a long Diflavce.

Fig. VI, » Let C be your flanding placeto fer your

Inftru-
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luf"criimenc, and [et4E be the mark afar off,
Whole diftance from you C'would know =
rft, move in a right Line between Cand B
t0 A, any number of Yards er. Perches, as
Uppofe g0 Perch; and fer a mark at Aj
hen moyeina Perpendictler-Line to CE,
om A ro Bany diftance,and there ferup a
Mark ac B, /as fuppole 66 Perchesfrom A,
. Then come back again to. €, and remove
N a Perpendiculer-Line to CE,. till you fee
the mark fer up ac B, and the enquired poine
A the diftance E ina Right-Line ; and note
thar placg at- D, gewting the exalt diftance
Hereof from C, fuppofle 76.
. Then fubftraét the meafured diftance AB
fom the meafured diftance C D, and note
the difference 10. Then, by the Line of
Umbers, or by the Rule of Three, fay,

AS'tlleDiﬁcxence between A Band BC, 10,
150 the diftance between A& C 501
O is the meafured diftance CD 76, tothe
diftance CE 3 80.
= Or,
So 1sthe meafured diftance A B 66, tothe
ltance AE 330, the diftance required.

Note, That you muft be carcful andex=
a& 1N meafuring the Diftances A C, AB, &
D, and the Anfier will be the more exs
ad accordingly. _Ul'r.-:

ES
B0
/1 2 tox
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Life XIII,

To find an Altitude of a Houft or Towers
by knowing part of st.

Ifyou divide the infide-edge of the Lool¢”
peice into inches, or any equal parts, fuch #°
the neareft diftance from the Rectifying”
Poinc to that infide-edge may be 1000
and for this ufe two fmall fliding fights m3y
be convenient: Then the ufe is thus for any
Angle under 30 degrees ;

Fix the Inftrument to the Ball-focket a_ﬂd
Staff; and curn it toward the Objeét,caufit®
the Plummer to play on 30 degrees ; for
then the Loole-piece is perpendiculer, The!
one pin or fight fet in the Reétifying-Poin®s
flip on a fight along the inner-edge of H°
Loofespiece, till you fee the Object at the
aipper part of the Alutude, and anothe?
fight at the lower part of the Alituc®
known; and obferve the precife diftance m
parts berween the two fights, on the Loote-
pieces Or, the feveral parts cuc by the /&
dex at each Obfervation

Tbm,

As the diftance between the two fights, ¥
to the diftance between the remorclt g™
from the middle of the Loofe-piect;

80 is the height of the known past, to che
' whol®
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whole height rc[quircd :a'mbove:the level of
the eye. ;
Exampls,

Let CI réprefent the Altitude of a Pyra=
id on the Tower of a Steeple 30 foor high,
*d,flanding at B, T would know the height
% 1 A from the level of the eyeupward,

Fix the Triangsler OQuadrasnt on the Staff
And Ball. focket,with che Head-Center at B,
Vith the Plummet playing on 3 dagrees,
d the Loofe-piece perpendiculer : Then
Rl'P two fights on the Eoofe_piecc, one ina
i8ht-Line ¢ C, theother to I3 andnote
trhe Parts between, and the parts the furtheft
i8ht cuts, from the middle firoak on the
D&-pi&e,fmm whence the partsare num-
rred’ which in our Example Jec be 500, the
ﬁgh‘ of H, and the fight at G to/cut 3593

"0 the diftance berween the fights will be
: 43> and the remoteft from the middle of
A‘:_ ofe-piece to be 500 5 and the known
foéi“‘ldt’, being part of the whole, to be 30

A Thex, by the Line of Numbers, [ay,

S 143, the diftance berwixe che fights at
H o soo the remoteft fight from the

level or middle, wiz. FH:
©18 30 foot, part of the Altitude known,
I, to rog, the whole Alturude un-

sMown, A C,

Or,




- 8o 18, 75, the height of  the lower patts

Fig. VIIL.
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' Or,
As 357, the parts cut at G, to, §00 che
parts cur at H, therémoteft fighe : _ 5
10§ thc whole nwshh A€, :
] (}r £l
As 1435 thediffance berveen the fightsy ©
1.C the part of the height known 30°
So.is 357, the partscut berween F andu
to 75 theheight AT unknown, e

Life XIV.
Having the Hesghts to find a Diffance:

Let CA be the Altitudegiven, and AD
the diftance required.  Then I ﬁ'mdm’s"
C, obferve the Angle C A By by fecring eh
Cnd of the Head- lcw to miy:eye, and ¢
Head-end dow nwa1ds and fer down; as e
Thread cuts, numbrmg both wayes, for ohe
Angle at C and ac B his complement.

Tbm fa}',

As the Angle at B, 30 deg. 40 mintee
counted on the Sings, to' 10§ the heigh
of the Tower :

So is §9 deg. 20 min, the Angle at C of
the Smes, to 176 the diftance rcgm“
on the Numbers,

Alfa note by the way,

That if you rake an Alctude at £v 0, fia
: £i s




431 ]
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tlong, g fuppofc at Eand at B 5 if the Angle

Soferved o B, be found to be the half of the
fgicac E 5 a5 here in Figure VIII, the
Ngle a¢ E, being 61-20, and the Angle at

, Ih30‘4.0, the juft half chereof s then, I fay,
| <Hatrhe diftance berween thetwo ﬂanons,
H qual to the Hypochenufa E C, at the fn ft
Mon, oz, EB is egual to E C3 which
“ng obferved, fay 3
AS the fine of 9o,to 120,0n the Numbers.

0 15 61-20 on the Sines, to 10§, the

height required on che Numbers,

A further proof bereof, take in this
foﬂawing F:"gurc 1X,

Let ABbea breadth of a Wall, or Fort,
"0t to be approached unto; then by the
' degrees on the in-fide of the loofe-piece, to
D that breadth one way,isthus 3 Puttwo
" 1nto the two holes i the Head and
Y o ne-leg, (or fet the fights chere in large
“ﬁr“mﬁlES); then move nearer or. further
*om the objects, ¢l your eye; fisedacthe
| Tufying Poinc, can but, juft fee the marks
| .30d B by the two Pins in each Leg, which
Wil only be at the mark C, at an Angle of
S degrees; for (0 the Rule is madg to that
fgle: then the Infbrument being il fixed
& G, look backward in a right Linc{rom
e middle of the loofe-picce, snd #ectify-
81 ing
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ing Poirittoward D, purting up a mark el
ther'in, or over, or beyond the Point D5 2"
alfobe'fure to leavea mark at C, the firt
place of obfervation 5 Then remove the fights
€0 1§ degrees, the half'of 30, countifg Hos
the middlejand go back in a right Line from
C, toward D, till you can juft fee the mar }
by the two fights fet at 15 degrees cach Waj2
for then, I fay, that the meafure betwee?
thetwo ftations, Cand D, fhall be exaltlyl
equal both to A Bjthe breadth required 8"
alfoto' C B, or C A, the Hypothenufa® i
then, having the fides CB, and C D, 3%
the AnglesB CE, and CBE, and BD C&
it is eafie to find all the other Sides 2"
Angles, by the Rules before rehearled, by
the Lines of Artificial Nmmbers and Sin€*’
For,
As the Sine of 1y degrees, the Angle at
E, viz. BD C, 'to 108 on the Num™
ers 5
Soalfo is the Anglé at B, viz. DBC ¥
to 108 on the Sines and Numbers:
So lfo is the Sine of 150, the Angle 3;
C,viz.DCB; to BD 2084 04

‘Numbers. . 4
' Note alfo, Thatif the Angles of 6o 3“-5
30 be inconvenient, then you may make

of 52 and 26, 0r 48 and 24, or 40 and 2:3
or any other, and the half thereof 5 2

thet
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then the meafured diftance, and the Hypo-
thenufa B C, at the neareft fation, will - al-
wayes be equal ; but not equal o the breadth
at any other Angle, except 30 and 60, 35
i the Figure. But having the Angles, and
thofe Sides, you may {oon find all the others
by the A ruificial Numbers, Sines and Tan-
geats, by the former direltions.

The End of the Firft Part.
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