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v v TotheReader.
- Courteoms Reader, . S ‘

gatmy Hou haftin this Treatife, the Delcription
. and Ufes of three feveral Quadrants,pre-
W fented to thy Viewand Acceptance s and
B here I am togive thee an account of their
N ‘Occafion and Original, |
LS Being in conference withmy loving
friend M. Thomas Harvie, he told me,that he had often
drawn a Quadrant upon Paper paftboard, ¢, derived

by himfelf, and never done by any man before, as to His~
knowledge, from the Stercographick Proje&ion, which
fora paricular Laritude, would give the Hour in ‘the
equal Limb, and would al(o perform the Azimuthvery
well s and but that it was {o particular, was very defirous
to have one made in Brafs for his own ufe by an Inftru-
ment Maker ¢ whereto replying, that with the accefs of
fome other Lines to be ufed with Compafles, it might be
rendred general for finding both the Hour and the Azi-
muth in the equal Limb: He thercupon intimated his de-
fires to. M. Suttow, promifing within a fortnight after
their conference, to draw up full direions for the mi-
\  kingthereof. But M, Sutton having very good pradife
. and experiencein drawing Projeions, {peedily found
out the drawing of that Projeétion, either in 2 Quadrant
- oraSemicircle,” without the affiftance of the promifed
.. dircctions, and accordingly, hath drawn the fhape off it
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Tothe Reader:
for all' Latitudes, and alfo found how the Horizontal
Proje&ion mightbe inverted and contrived into a Qua-
drant without any confufion, by reafon of 2 reverted tail,
and let me further. add, that he hath taken much pains
in calculating Tables for the accurate making of thefe
and other Inftruments, intheir conftruction more diffi-
cult then any that ever were before s and the faid M.Swut-
semconceiving that it would be:an advancement to their
Trade in general, befides (atisfactory to the defires of the
fudious in the Mathematiques,to have the ufes of a good
Quadrant publifhed, prevaned: with me, In regatd M,
Harvey was not at leifure (though willing his Quadrant
thould be made publique) towritetiwo or three fheets of
the ufe of it, which I intended to have ‘given. Mi Sutton
(who very well underftood the ufleas well as the making)
to be publifhed in his own name; W hereto he being'un-
willing, and finding that thercin marly of the ufesof one
Quadrant, much le(s of more could not be comprized, at
his earneft requeft, I wrote what is here digefted, fuccifive
¢ horss Antelucanis, having little leifure for that purpofe,
and all this performed before the Inftruments-were cut,
wherefore the defcription given of them; may not: {0
nearly agree with the Inftsuments, asif they had been
firft made, nor poffibly fome of the examples about .
finding the hour of the night by the Starss which exam-
ples were fitted from Tablesof prefent right Afcenfion,
whereas the Quadrant isfitted to ferve the better for the
future, the difference notwith@tanding will be but fmall.
And thus hoping thou wilt cover my fatlings with the
mantle of love, and kindly accept of my endcavours,
tending to the publique advancement and increafe of
knowledge, I ftill remain a Wellwiller defirous thereof;
| TR pOF, Fobn Collins,
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How the Projections on both the Qua-
drants may be Demonftrated.

TD [atésfie the inquifitive Reader herein, 1 [hall only in
 this Edition quote [uch Latine Authors and Propofiti-
ons as will evinceshe truth tb:rgpf, the pfrfprmJncc méerfﬂf
in Englifb, w hereafter intended by my loving friead M.
Thomas Harvic, in an elaborate Treatife, conce/ning all the
Projections, with their Demonftration and Application, whe
s accomplifhed with fingular knowledge in that kind, as in
general sn the Mathematiques,

Now the Demonfiration of thefe twe Projeitions v as
mnch included in the Demonflration of the Stereographick
Projection, whichby Aguiloniusin his 6 Book is lergely ix=
fifted upon; #s apeculiar queftion in Trigonometry, is inclu-
ded in ageneral Cafe, and both the Projections on thefe Qua-
drants being derived from the grounds ¢of the [aid general
Projection,are necel|arily invelved in one and the [ame De-

mﬂ;/?mtiau,

.. . Stofler in his Aftrolabe [uppofeth the eye in the South
Pole Stereographically prejecting upem the Plain of the €qua-
tor thefe Circles between the North Pole Horien and Tro-
prick of Capricorn, weglecting that part under the Hori-

Kom:
But the Projection onthe Quadrant, confidered as it may
be derived from his Aftrolabe, [uppoferh the eye in the [ame

- Pufition, and makes ufe of one ha'f of the Projeftion of the

' other part of the Circles intercepted between the Heris on and

Trepick of Capricorn, namely, of that [pace betwees the
Trepick below our HoriZ on,only cbsngm{grw names of Can-

~ cer for Capricornin their ufe; and sfing the doarelled pg.
a els
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rallels to the HoriZon, inftead of the Parallels of Altitudés
[ithat.she Azimutss of the Badrant made by this inverfion,
are o ather then the ASimaths of Stoflers Projedtion con-
tinued below the Tropick of Capricorn. where he breaks.
them off , ani the rule he preferibes 1o draw the parallel of
184 of Depreffion for the Twylight [erves todram that,and
allthe o:her parallels of Altitude 2n this Quadrant,.

I Like manner the Horizontal Projection [wppefeth the eye
in the Nadir projecting upon the Plain of the Horizon.

That pars of the Sphereintercepted berween the two Tro-
picks , neglecting that part thereof uuder the Horizon, |

But the Projection om the other great Quadrant confidered
as derivediherefrom, fﬂpgﬂfcrb the eyethere projecting that
part of the Sphere which % there neglecied with the like:
change of denomination 5. and the Parallels of Declination
are no other then the comtinuance of the [aid Parallels of the
Horizon'al Projection ronnd torhe Midnight Meridiany and:
the Hour circles the continuance of vhe [aid hours,only the
Index of altitwdes is fitted to the Depreffed Paraliels of she-
Horizon, in [tead of the Parallels of Altitude.

Now 41 45 evident, either from the Sphere or Analemma, .
that that pa:t of cither ?‘ thefe Projeitions which falls wndex
the Horizon, will [upply the ufe of that which hapned absve,,
admitting only a change of denomination s for in the
Horizontal Projection, that Parallel of Declination which:
was called the Winter Tropick being no other then the [ame
Circle continued about, now in its ufe and denominationbe-
comes the Summer Tropicks and the reafon s, becanfe what
ever Altitude the Sun hath in anySign upon any Hour or.
Azimuth reckoned from the Noon Meridtany he hath the
like Depreffion on the like Honr and Azimuth in the oppefite
Signe counted from the Midpight meridian, .

Th




- Theterms of Noop and Midnight Meridian ave afterwards
ufedin yelation to fome gencral Propertions : By.the Hour in
general is meant the Angle betmveen the Meridian of the Sun
or Stars, andthe Meridian of the place: By the

ek . Honr count-
ed from Noop Meridian, ¥ mceant the fad Angle counted

from thai part of the Meridian of the plice which falls above
the Blevated Pole, continyed towards the DeprefSed pole »

and by the Midnight Meridian, the oppofite theresn under the
 Elevared Pale, continued as before.
- Bythe Azimwih counted from the Midnight Meridias, é
meant an A ﬂgk at the Zenith bet ween the Siuns Vertical or
Azimuthal circle, andthe Meridiax of the place, meafured
. by the Horizon, counted from the Interfeition of she Hors-
Ronwith the Meridian under the Elevaied Poles and by the
Aimwth counted from the Naon Meridian, & meint the
Complement of the (aid Angle 10 a Semtcircle, counted from
she oppofice Interfection of the Harizon wish the fermer Mea
yidian continued above the Elevated, and towsrds the De-
pre(fed Pole, according io m&f;b'acwprim.r, the general Pro-
porsions are fitted ffr finding it eithey wayin both Hemie
foberes, wishont amy reftriction to Norshor Seuth.




A more immediate acconnt of thefe

Projettions.

lehcrtu we have accommodated our Difcourfe, to
thew how thefe Projeétions are derived from Stefiers
A ftrolabe,and from the Horizontal Projection, of which
neither Stefler (asto my knowledge) for I have only fcen
his 8 Book) nor the learned M. 04ghtred, giveno pecu-
liar Demonftration, as being particular examples of a.
eneral cafe, largely (as fuch) infited on; and this we
ave done for the accommodation of Inftrument makers,
to whom this Derivation may fcem moft fuitables
whereas fuch a deduét-on is not at all neecflary tothe
Demonttration of the Projeétions fo derived, |
For in the Projeétion der.ved from the Inverfion of
Siofler, let the eye be fuppofed to be placed in the North
Pole, proje&ing uponthe Plain of the Equinoctial,fuch
Circles in the Sphere, as are defcribed in the Quadrant
between the two Tropicks, a quarter of which Proje&i-
on will be the fame withthat on the Quadrant, namely,
one of thofe quarters between the South part of the Me-
ridian and hour of fix, which will leaveout all the out-
ward part ofthe Almicanters between it and the Tropick
of Cancer, and in ftead thereof, there is takenin fuch a
Jike part of the deprefled Parallels to the Horizon be-
tween the (ame Hour of fix, and Tropick of Capricorn,
which is the reverted tail s for the Parallels of Depreffion
have the fame refpe& tothe Tropick of Capricera, that
the Parallels of Altitude have to the Tropick of Cancer,
and will work the fame in effz&.
In like manner, the Eyeinthe other Projeétion mty
¢




be {uppofed in the Zenith, Stercographically Proje@ing
upon the Plain of the Horizon, that part only of the
fpace between the Tropicks, which falls without the Pro-
jeion of the Horizontal Circle, fave only the reverted
tail, whichis the Proje&ion of fo much of the Parallels
of South Declination, as is infercepted between the
prime Vertical Circle and the Horizon, and istaken in
to ferve in ftead of that part of the Parallels of North
Declination, which will fall withoutthe Quadrant,

- Inany of thefe Pofitions of the Eye, all Circles paf-
fing through the fame, will be proje&@sd in right lines by
91 Prop. 6 Book of Aguilenins, {uch are the Azimuths
on the Horizontal Quadrant, and the Hours onthe other -
Quadranr, reprefented by the thred lying over any Ark
- inthe Limb, foalfo in this latter Quadrant is the Paral-

llf:i of Altitude equal to the Latitude of the place, a right

Inc, i - :

Al Circles parallel to the Horizon and Equinodial,
will be projeéted in concentrick Circles by 94 Prop. 6.
Agutlonizs, {uch are the Parallels of Altitude inthe Ho-
rizontal Quadrant, and the Parallels of Declination in
the other Quadrants, reprefented by the Bead, when it
is reétified to the Index of Altitudes inthe one, andto
the Ecliptick in the other, carried in a circular trace from
one fide of the Quadrantto the other. :

* All other Circles in the Sphere, what{oever and how-
foever feituated, being projeéted.according to the fup-

ofed pofition of the Plain and Eye, will be reprefented

y Excentrick Circles.by 96 Prop. 6, Aguilenins, and
the boursinthe Horizontal Projeétion will (if they be
produced)mect with the projected Pole points, o alfo the
Azimuchs in the'other Proje&ion, whichby the like pa-
rity




rity of Reafon may be denominated The Equinsitial Pro«
Jection, will (being produced) meet with the, projected
points of the Zenith and Nadirs and how in particular
to project and divide any Circle however fcituated in the -
Sphe-e,is abundantly (hewn in the 62 Book of the afore-
faid Author, and amplified with many examples,though
nonc of them agreeing with the particular Draughts of
thefe«Quadranrs, yet f putin pradifle according to the
propoled Scituation of the Eye, will be found te agree
with the prefcribed Dircétions for the making of thefe
Quadrants, Seeallo Claviwes his Baok of the Aftrolabe.:
Guide Whaldws his Theorick of che general Planilpheres,

and M. oughtrecs 24 Scheme B in hislate Trigonometry
in Engli(h.

eAn A4 . Plén.dia.c to the De éription éf the
£ Small derézt.

( Ince the Printing of the fheet B, we have thoughs fis
\_#0vary alissle frem the Defeription there given of the
Small Quadrant. '
The Dyalling Scale of Hours defcribed in page 9, near the
beginning, which I fay in Page 191 may be omsitted, is accor-
dingly left out, and infleadof it, aline of Verfed Simes of
§O° put omy the ufes whereof are handled i the great Equi.
noltial Duadrant, :
Alfo there is swo Sgales added toshe fmall Quadrant more
shen was defcribed 5 namely, the Sealeof E ntrance;the [ame '
that was placed ypon the Horizantal Ruadrant, witha Sine
of 514 3% pws ljﬂﬂgb the whale Limb ferving to gi';ft :3:
- Alsit




Altitude at fix, which the thyed will inter([ect, if it be luig
over the Deckinationin the Limb; but enough of the #fes of
thefe Scales is [aid in the HoriZ omtal LQuadrant, |
Laftly, Thefethat like it beft, inflead of baving on the

Small Quadrant one loofe fitred Scale for the Houry and apn-

other forthe < zimuth, may havethe Hour-Scale only divia

dedintotwoparss, ferving 10 give the Houy and Azimuth
Sorthe Sunsand all the Stars tn the Hemifpbere, the one pars
Jor South Declinations, the other for North Deslinations, in

smitasion of the Diagonal Scale,

An Advertifement,

A LL manner of Mathematical Inftruments, either

for Sea or Land, arc exadly made in Wood or
Brafs, by Henry Sutton, in Thredneedis. ftreet, near Chri--
fopbers Church, or by William Susten in Uppes Shadwel;.
sltlebeyond the Church, — T
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Oftbe Lines on the forefide of the

QUADRANT.

VL@ N theright edge from the Centeris placed a Line of
®ag €qual parts, of g inchesin length,divided into 100 -
e qual parts.
: On the left edge a Line of Tangents, continued to
two Radii, or to 639 26m the Radius whereof is
' 2 1 inches,

Thefe two Lines make a right Angle in the Center, and between
them include the Proje®ion, which is no other then a fourth part
of Stoflers particular Affrolabeinverted.

Next above this Proje@ion, towards the Center, is put onin the

nadrant of a Circle, the Suns declinations.

And above that in four other Quadrants of Circles, the days of the
Moneth, refpe@ing the four feafons of the year,

Underneath the Proje®ion, towards the Liwbe is pnt on, in one
half of a Quadrant, one of the fides of the Geometrical Quadrat,
and in the other half the Line of fhadows.

All which is bounded in by the equal Limbe.

There ftands morcover onthe very edges of the Quadrant, two
Dyalling Scales, which do not proceed from the Center ; thar on the
B righe




2 The Delcription of the Quadrant.

right edge is called the Line of Latitudes ; and that on the left edge
theScale of Hours (equalinlength to the Sines ) ‘which'is no other
then a double Tangent, or two Lines of Tangents to 45¢ each fet to-
gether in the middle, and fo might, ifthere were need, be continued,
ad infinitum. |

T he Conftrution andmaking of [uch of thefe Lines asarve not
commonly defcribed in orher T reatifes.

To infcribe the Line of Declinations, there will be given the Sons
declination to find his right Afcenfion, which is the Ark of the Limb,
that by help of a Ruler, moving on the Center of the Quadrant, and
laid over the fame, will in-fcribe the Declination propofed:

The (anon to find the Suns vight Afcenfion from the mearest Equs-
noltial point, cerrefpondent ro the Declination propofed, 4

oA the Radius :
T o the Cotangent of the Suns greateft Declination :
Sothe T angent of the Declination given s

T'o the Sine of the Suns righe Afcenfion.

The four Quadrants for the days of the moneth are likewife to be
graduated from the Limb, by help of a Table of the Suns right Afcen-
fions, made for each day'in the year.

The Geometrical Quadrat is infcribed in half the Quadrant of a
Circle, by finding in the Table of natural Tangents, what Arches
anfwer to every equal Divifion of the Radius, and fo to bz graduated
from the Limb ; fo 300 fought in the Tangents gives the Ark of
169 42m of the Limb againft which 3 of the Quadrat is to be gradu-
ated.

The Line of fhaddows is no other then the continuance of the Qua-
drat beyond the Radius, and o the making after the fame manner ;
thus having the length of the (hadow affigned, annex the Cipbers of
the Radius thereto, and feck in he natural Tangents, what Arkcor-
refponds thereto ; thus the fhadow being afligned thrice as long as
the Gnomon, I feek 3000in the natural Tangents,the Atk arf{wering
thereto, is 71d 34’ which being counted from the left edge of the
Quadrant, rowards the right in the Limb, the Line of i’naduwsfmay

rom




The Defcripiton'sf the Quadrant. .
from thence be graduated ; the Complement of this Ark isthe Suns
Altitude,anfweriog to that length of the right fhadow,being 184 26,

The Canon to make she Line of Lagitudes, will be

As theR adins

“tothe Cherd of 90d

fo the Tangents of each refpeEtive degree of the Line of Latitndes,
T othe Tangents of obter Arks:

The natural Sines of whichArks are the numbers that from a Dia-
gonal Scale of equal ‘parts (hall graduate the Divifions of the Line
of Latitudes to any Radius. :

To draw the Projeltion,

Thofe Lines that crofseach other, are Arches of Circles, whofe
Centers fallintwo ftreight Lines.

Of the Parabels of Altitnde,

All thofe Arks whofe Afpe® denotes them to be drawn from the
right edge of the Quadrant towards the left, are called Paralels of Al-
titade, and their Centers fall in the right edge of the Quadrant,conti-
nued both beyond the Center and Limb fo far as is needful.

T°0 find the Interfections of the Paralelsof Altitude, With the Mevi-
dian, that is , Points therein limiting the Semi-diameters of the
PR Paralells. ' _
Aflume any Point in the right edge of the Quadrant, (which is
called che Meridian Line) near the Limbe to be the Tropick of (ascer;
the diftance of this Point from the Center of the Quadrant, moft re-
prefent the Tangent of 564 46’ which is half the Suns greateft De-
clination more then the Radius; the diftance of the Equator from
the Center,fhall'be equal to the Radis of this Tangent. For the find-
ing the Interfe&ijons of the other Paralells of Altitude,it will be beft to
make a Line of Semi-tangents to the fame Radivs, that is t0 number
each degree of this Tangentwith the double Ark , and fo every half
degree will become a whole one: Qut ofthis Line of Semi-tangents
B2 prick




4 The Defcription of the Quadrant,

priek off froch the Center of the. Quadraat 664 39’ the Complement
of: the Suns greateft Declination, which will find che Interfe&ion of
the Tropick of Capricors withthe Meridian.

Now to fit the Proje&ion to any particular Latitude : Out of the
faid Line of Semi-tangents from the Center of the Quadrant, prick
off the Latitude of the place, and it will finda pointin the Meridian
Line , where the Horizon, or Paralell of oed of Alticudewill inter-
fe& .the Meridian ; this Point is called the Horizontal Point , and
ferves for finding the Centers of all the Paralells.

To the Latitude of the place add each degree of Altitude fucceffives
ly till you have included the greateft Meridian Altitude; thefe com-
pound Arks are fuch as being prickt fromthe Center ofthe Quadrant
out of the Line of Semi-tangents will find points in the Meridian Line,
limiting the Semi-diameters of the paralells of Alticude.

Above the Horizon, and between the Circle that bounds the Pro-
je@ion falls a portion thereof called the Reverted Tail, which othet-
wife would ific had not been there reverted , have excurred the limits
of a Quadrant. X

- To find the Interfe@ions for thofe Paralells of Altitude, fubftra&
fucceffively each degree out of the Latitude of theplace, and the re-
maining Arks prick from the Cenrer out of the Line of Semi-tangents:
"Ehe ufe of this Tail being to find the hour and Azimuth before or af-
ter 6 in the Summer time only, it nced be continued no further above
the Horizon then the Atk of jthe Suns greateft A'titude at 6, which at
London 15184 12",

T'o finde the Centers of the Paralells of Altignde.

Thefe are to be difcovered by help of a Line of natural Tangents,.
not nusbred with, the dooble Arks, whofe Radius:muft be equal to
the diftance of the Equator from the Center of the Quadrant, or
which is all oneto god of the Line of Semi.tangents : Outof this
Line of Tangents 'prick off beyond the Center of the Quadrant the
Complement of the Latitude, the diftance between the Peint thereby
found, and the Horizontal Point is the Semi-diameter wherewith the
Horizon is to be drawn.

To find the Centersof the veft of the Paralells,

To the Complement of the Latitudeadd each degree of Aitit:_:d&
uc-

T/ /—mm—sD/sTmT—]T——————————




The Deﬁrrfp.rr‘ﬂﬂ of the Quadrant, ¥

fucceffively till you have included the greateft Meridian Altitudes; The
Tangents of thefe Arks prick beyond the Center, the diftance from
the Points fo difcovered to the Horizontal Point,are the Semi-diame-
ters of the Paralells of Altitude ; the extreamities of which Semi-
diameters being limited in the Meridian Line ; thefe extents thence
pri&, finds their Centers.

Some of thefe Compound Arks will exceed go degrees,as generally
whete any Meridian Altitude is greater then the Latitude. In this
cafe fubftra& thofe Arkes from 180d and prick the Tangents of the
remaining Arks from the Center of the Quadrant on the Meridian
Line continued beyond the Limbe, and then as before the diftances
between thofe Points and the Horizontal Point, are the Semi-diames
ters of thofe Paralells, whofe Extremities are limited in the Meridian

Line.
To find the Centers of the Paralells of the reverred T ail,

- From the Complement of the Latitude fubftract each degree of Al-
titudein order, till you have included the greateft Alkitude of 6. the
Tangent of the remaining Arks prick from the Center of the Qua-
drant, and you will find fuch Points the diftances between which and
the Horizontal Point are the Semi-diameters of thofe Paralells.

To findthe Centers and Semi-diameters of the Azimuths:

All thofe Portions of Arks which iffue from the top of the Proje&i-
on towards the Limb are called Azimuths, the Centers of them all fall
upon that Paralell of Altitude which is equal to the Latitude of the
place whereto theProjecion is fitted, which will always bea ftreight
Tangent Line,

Out of the former Line of Tangents, whofe Radius is equal to the
diftance of the Equator from the Center of the Quadrant, prick
down the Latitude of the place on the Meridian Line, and thereto
perpendicularly ere® the Line for finding the Centers of the Azi-
muths,which muft be continued through and beyond the Proje&tion.

Out of the faid Line of Tangents and beyond the Center prick down
the Tangent of half the Complement of the Latitude at London 194,
14m and it will difcover a Point which is called the Zenith Point, be-
canfein it all the Azimuths do meet ; The diftance berween this Point

and the Point where the Center Line of the Azimuths interf@&ts;l the
YAEIl-
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Meridian, make the Radios of a Tangent, out of which Tangent prick
down each degree fucceffively, both within and beyond the Proje&i-
ononthe Line of Centers, and you have the Centers for all the Azi-
muths ; where note, that the Centers of all Azimuths which exceed
god will fall withinthe Proje&ion, and of all others without, the di-
ftances of thefe refpeive Points from the Zenith Point, arethe Se-
mi-diameters of the Azimuths, with which extents let them be refpe.
&ively drawn.

To draw the Summer and Winter Ecliptick and to divide them.

The Summer Ecliptick is drawn from the Point of the Equator
in the lefc edge of the Quadrant to the Tropick of (ascer, and the
Winter thence to the Tropick of Capricors out of a Line of Tangents
to the Radius equal to the diftance of the Equator, from the Center
prick down the Tangent of 23¢ 31’ the Suns greateft declination
from the Center of the Quadrant on the Meridian Line towards the
Limbe,and you fhall difcover the Center of the SummerEcliptick with
the fame extent, being the Semi-diameter thereof, fet; one foot down
at the Tropick of Capricors, and the other will fall beyond the Cen-
ter of the Quadrant on the jright edge, and difcovers the Center for
drawing the Winter Ecliptick ;to divide them ufe this Canon.

eAs the R adins _

taTangent of the Suns diftance from the neaveft Equinoltial Point ¢
So the Cofine of the Snns greateft Declinarion :

T o the Tangent of the Suns right eA]cenfion,

which muft be counted in the Limbe, and fromit the Suns true place
graduated on both the Eclipricks.

To draw the two Horizons, and to divide them.

Oneof the Horizons isthe Paralel of ced of Altitude, which be-
ing interfe&ed by the Azimuth Circles, is thereby divided into the
degrees of the Suns Amplitude ; this is the upper Horizon, and the
drawing hereof was (hewed already.

The other Horizon iis but thisinverted, and the Divifions transfer=
red from that, the Center of it is found by pricking the Tangent Ef
the
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the Complement of che Latitude on the Meridian Line from the Cen-
ter of the Quadrant, thediftance of the Equator being Radius. '

But it may be alfo done from the Limbe by the Proportion fol-
lowing.

As Radiss ,

to Tangent of the Latitude ;

Sao the T angent of the Suns greatcft Declin tion,

to the fine of the greateft Afcenfional difference

(which converted into Time, gives the time of the Suns rifing or fet-
ting before or after 6) by which Atk of the Limbe the Horizen s li-
mitted ; Then to divide 1t fay '

As the Radsns,

20 the Tangent of the affigned e Amplitnde :

So ts the Sine of the Latitude

To the Tangent of the Afcenfional difference agreeing vhereto,

which counted inthe Limb, from it the Amplitudes may be divided
on both the Horizons; and note, if thefe Amplitudes be not co-
incident with thofe the Azimuths have defigned, then are the faid

Azimuths drawn falfe.

T o inforibe the Stars on the Projeltion.

Such only, and no other as fall between the two Tropicks, may be
there put on.

Set one foot of the Compafles in the Center of the Quadrant, and
extend cthe other to that place of either of the Eclipticks, as corre-
fponds to the given declination of the Star, and therewith {weep an
occult Ark :* I fay then that a Thread from the Center of the Qua-
drant laid over the Limbto the Stars right Aflcenfion where it inter-
fe@&s the former occult Ark is the place where the propofed Star muft

be graduated.
Of the Almanack.

Thereisalfo graved na Re&angular Square, or Oblong, a perne-
tual Almanack, which may ftard either on the forcfide or back of ihe
Quadrant,as room fhali beft permit,

4
l'..':
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The Defeription of the Quadrant.

On the Back fide of the Quadrant there i,

i 1. On the right edge a Line of Signs iffuing from the Center, the
i Radius whereof is in length § inches.
4 2. On theleft edge a Line of Chords iffuing from the Center.
i 3. Onthe edges of the Quadrant there are alfo two Scales for the
il more ready finding the Hour and Azimuths in one Latitade; the
: Hour Scale is no other then 624 of a Line of Sines, whofe Radius is
{ made equal to half the Secant of the Latitude being fitted for Loy-
~ dons) to the common Radius of the Sines ; the pricke Line of Declina-
| tion annexed toit, and alfo continued beyond the other end ofit, to
the Suns greateft Declination is] alfo a portion of a Line of Sines, the
Radius whereof is equal to the Sine of the Latitude taken out of the
other part of the Scale, or which is all one the Sine of the Suns great-
eft declination is made equal to the Sine of the greateft Altitude ac the
hour of 6 taken out of the other part of the Scale, which at Zondon
is18d 12m
4. The Azimuth Scaleis alfo 624 of a Line of Sines, whofe Radi=
us is made eqoal to half the Tangent of the Latitude to the common
Radius of the Sines, the Line of the Declination annexed to it, and
continued beyond it : To the Suns greateft Declination is alfe a por-
tion of a Line of Sines of fuch a length whereof the Sine of the Lati-
tude is equal to the Radius of the Sines of the other part of this fitted
Scale ; or which is all one, the length of the Suns greateft Declina-
tion is made equal to the Suns greaseft Vertical Altitude, which in this
Latitude is 3«::3 39’ of the other Sine or Line of Altitudes.

1 The Limbe is numbred both With degrees and time, from the right edge
towards the left.

Between the Limbe and the Cester ave put onin Civeles | theScales
Jollowing.

1, A Line of Verfed Sines to 180 degrees.

2. A Line of Secants to 60d the graduations whereof begin againft
304 of the Limbe, to apply which Vacancy, and for other good
ufes, thereis puton aLine of go Sines, ending where the former
praduations begin ; thisis called the leffer Sines.

3. A Line of Tangents graduatedco 634 26 &
4.
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- . ALine of Verfed Sines to 60d through the whole Limbe, cal-
fed the Verfed Sines quadrupled, becaufe the Radius hereof is qua=
druple to the Radius of the former Verfed Sines.

5. A Line of double Tangents, or Scale of hours, being the fame
Dyalling Scale as was defcribed on the forefide.

6. A Tangent of 454 or three hours through the whole Limbe
for Dyalling, which mayalfo be numbred by the Ark doubled to
ferve for a Proje&ion Tangent, a/ias a Semi- tangent.

7. In another Quadrant of a Circle may be infcribed a portion of

a Verfed Sine to eighr times the Radius encreafed, of that of 180d
called the Occupled Verfed Sine, and atthe end of this from the
other edge, another portion of a Verfed Sine to 12 times the Radi-
us encreafed may be put on.
8. Laitly, above all thefe is the Scale of Hours or No&urnal
with Stars names ‘graved withinit towards the Center ; thisis di-
vided into 12 equal hours and their parts, and the Stars are put on
from their, right Alcenfions, only with their declination figured
- againft them.

oAl the Lines put on in Quadrants of Circles muf} be inferibed from
the Limbe by help of Tables, carcfully made for thas purpofe ; asn
snftance fball be given bow the Line of Ver[ed Sines to 1804 was ine
[eribed, and after the fame manner thar was pus on, maff all the
rest:

Imagine a Line of Verfed Sinesto 18ed to ftand upon the left
edge of a Quadrant from the Center with the whole length thereof
upon the Center (weep the Archof a Circle, and then fuppofe
Lines drawn through each graduation or degree thereof continued
parralel to the right edge till they interfe& the Arch formerly fwept
which (hall be divided in fuch manner as the Line of Verfed Sines on
this Quadrant is done.

But to do this by Calcnlation, A Table of natural Verfed Sines
muft firft be made, which for all Arksunder god are found by fub-
ftracting the Sine Complement from the Radius, fo the Sine of 20a
is 34202 which fubftratted from the Radius refts 65798, which is
the Verfed Sine of 70d :

And for all Arks above 904 -are got by adding the Sine of the

S Arks
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Arks excefls above 90d unto the Radias : thus the Verfed Sine of
11cd is found by adding the Sine of 20d to the Radius, which will
make 134203 for the Verfed Sine of the Said Ark.

This Table, or the like of another kind, being thus prepared, the
proportion for infcribing of it will helds -

Asthe length of the Lin: fuppsfed to be pofited on the left edge,
Is to the R adius,

S0 is any part of that length

T o the Sine of an Arch,

which fought in the Tables, gives the Arch of the Limbe againft
which the degree of the Line propofed muft be graduated,

Butin regard the Verfed Sine of 180d isequalto the double of
the Radius ; the Table for infcribing it will be eafily made by halfe
ing the Verfed Sine prepofed, and feeking that half in the Table
of natural Sines fo the halfof the Verfed Sine of 70%is 32899 which
fought in the Table of natural Sines, gives 194 13" fire of the Limb
againft which the Verfed Sine aforefaid is to be gradvated, and fo
the half of the Verfed Sine of 1104 is 67101 which anfwers to
424 9’ of the fines or Limb.

So likewife the Table for puttiug on the leffer Sines was made by
halfeing the natural Sines, and then feeking what Arks correfpond-
ed thereto in the natural Sines aforefaid; thofe that think thefe Lines
to many may very well want the Verled Sines fo oft repeated ; And
they chat will admit of a Radius of 6 or 7 inches, may have the Line
of Lines Superficies and Solids, put on in the Limb on the forefide,
and the Segments Quadrature, Equated Bodies, Mettalls, and in-
fcribed Bodies, or other Lines at pleafure put on upon the backfide,
as hath been already done upou fome (dadrants,

Now to the Ufe.

THE




The Ufes of the

PROJECTION.

“Of the e A lmanack,

BE&:re the Proje@ion can be ufed, the day of the Moneth, the
Suns place or Declination muft beknown ; but thefe are com-
monly given by the knowledge thereof: Now this Almanack will
as much help to the obtaining hereof, as any other common Alma-
nack.

Tt confifts of a ReQangular Oblong, or long Square divided in-
to 7 Colums in the breadeh, to reprefent 7 days of the week account-
ing the Lords day ficft ; and length ways into 9 Columas, the two
uppermoft reprefent the months of the year, accounting Marchthe
firfk, the five middlemoft the refpective days of each Moath, and the
two undermoft fome certain leap years, pofited in fuch Columns, as
that thereby may be knewn by Infpection, what day of the Week

the firfk of March happened vpon in the faid Leap years; the contri-
Ca vance
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vance hereof owns its original from my Worthy Friend Mc, Michael
Darie, for the dueplacing of the Months.over the Columuos of days,
take the following Rule in his own words.

Fir/t having March affign'd to lead the round,
The reft o’ th Months are eaf’ly after found ;

If that you take the complement in days

7035 of a plac’d Month always,

Asnd count it fromits place With due Progreffion

It [bews you Where the nexs Manth takes poffeffion.

Thus placing the Month of March firft, then if I would place
April, or the fecond Month, Aarch having 31 days, the Comple-
ment thereof to 35 is 4 then counting four Columns from the place
of March, it falls upon the 5 Column, where the figure 2 is placed -
for the 2' Moneth, then April being placed ; if I would place Aay
I take 30, the number of days in Apri/, from 35 there refts 5, and
counting 5 Columns from the place of April where it ends, which
isinthe 3¢ Colomn, the figure 3 is placed for the 3¢ Moneth or
Moneth of May. Thenext thing to beknown is on what day of
the Week the firft day of March falleth upon, whichis continually
to be remembred in ufing the Almanack. ' :

This for fome Leap years to come, may be known by countingin
what Column the {aid Leap yearis graved, thusin Ammo 1660, the
firlt of March falls upon a Thurfday , becaufe6o is graved in the §
Column, that being the fiftday of the Week: Buc for a general
Rule take it in thefe words.

To the number two add the year of our Lord, and a fourth part
thereof , negle&ing the odd remainder , when there is any; the
Amount divide by 7 the remainder, when the Divifion is finifhed,,
fhews the number of Dire@ion, or day of the week, on which the
firft day of AMarch falleth, accounting the Lords day the firft; but
if nothing remain, itfallsona Saturday. '

Example
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2
Example for the year 1657
The even fourth thereof 414
296 quotieat.
7) 2073 (
I remaining. .

By this Rule there will be found to remain one for the year of
our Lord 1657 whence it follows thatthe firft day of March fell
on the firft day of the Week, a/i#, theLords day in that year; fo
in eA4nmo 1658, thereremains 2 for Munday : in 1659, refts 3 for
Tuefday ; in1660refts 5 for Thurfday ; fo that hence it may be ob-
ferved, chat every 4 years the firlt of Aareh proceeds 5 days: Up-
on which fuppofition the former Rule is built ; fay then

As4tos,oras 1to 1% fo is the year of the Lord propoun-
ded, to the number of days, the firft of Aarch hath proceeded in
allthat Tra®, caufed by the odd day in each year, and the Accefs
of the days for the Leap years ; this number divided by 7, the re-
mainder thews the fra&ionate part of a Week above whole ones,
which the faid day hath preceeded,which wil not agree with the day
of the Week the firft of AZarchfalls upon, according to common
tradition, unlefs the number two be added thereto, which argues
that the firft of C¥arch, as wenow account the days of the week
fell upon Mnnday; or the fecond day of the week in the year of our
Lords Nativity : This is only for Illuftration of the former Rule,
being to fhew that the adding of the even fourth part of the year of
our Lord therete, works the proportion of 4 to 5.

The Ufe of this Almanack is to know for ever on what day of the
W eek any day of the Month falls upon.

Remembring on what day of the Week the ficlt day of <M arch
fellupon inthe year propounded (which doth then begin in the ufe
of this Almanack, and not fooner or later, asupon New-years day,

or Quarter day) all the figures reprefenting the days of the Month, *

do alfo reprefent the fame day of the week in the refpe@ive Months
ander which they ftand ; andthe converfe, the Moneth being af

figned.
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figned, all the figures that fand as days under ity inform you whae
days of che faid Month the Week day (hall be the fame,as it was upon
the firlt day of Aarch, and then by a due Progrefiton it will be ea-
fieto find upon what day of the Moneth any day of the week fall-
eth, as well as by a common Almanack, without the trouble of al-
ways one, and fometimes two Dominical Letters quite {hunned in
this Almanack, by beginning the year the firlt of C/areh, and fo
the odd day for Leap year is introduced between the end of the old,
and the beginning of the new-year.

Exﬁmpkt

In Anno 1657. looking for the figare 10 in the Column for
Moaths, for the Month of December ; underitI find 6, 13, 20, 27,
now the ficlt of Aarch being the Lords day, I conclude alfo thac
thefe refp:&ive days in December, were likewife on the Lords day ;
and from hence colleX, that Chriffma day, which is always the 3§
of that Month, happened or a Friday.

Vfes of the Projection.

']‘ His Proje@ion is no ether thena fourth part of Sroflers parti
cular Aftrolabe, fitted for the Latitude of Lend:n inverted, that
is, the Summer Tropick and Altitudes, . turned downwards to-
wards the Limb,whereasin his Aftrolabe they were placed upwards,
towards the Center; thusche Quadrant thereof made, is rendred
moft ufeful and accurate when there is moft occalion for it ; before
the proje&ion can be ufed, the Bead muft be re@ified, and becaufe
the Thread and Bead may ftretch, there may be two Beads, the one
fet to fome Circle concentrick to the Limb, to keep the other ata
certainty in ftretching, and che other to be rectified for ufes

To
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To reclifie the Bead.

Ay the Thread over the day of the Month in its proper Cincle,

and if the feafon wherein the Quadrant iste be ufed, beinthe

Winter halfyear, fet the Bead by removing itto the Winter Eclip-

tick ; batin Summer let it be fec to the lower or Summer Ecliptick,
and then it is firted for ufe,

One Caution in reQifying the Bead isto be given; and that is
in Summer time if it be reqoired to find the hour and Azimuth of
the Sun by the Projeion, before the hour of 6 in the morning, or
afterit in cthe evening, or which is all one,when the Sun hath le(s Al-
titude then he hath at 6 of the clock ; then muft the Bead be re&ifi-
ed to the Winter Ecliprick, and the Parralels above the Horizon in
the Reverted Tail, are thofe whichwill come in vfe.

To find what e Alritude the Sun fhall bave ar 6 of 1he elock in
the Summer half year.

This will be eafily performed by bringing the Bead that is re&i
fied to the Summer Ecliprick to the leftc edge of the Quadrant, and-
there among the Paralels of Alitude it (hewswhat Alticude the Sun
fhall have at 6 of the clock : It alfo among the Azimu:hs fhews
what Azimuth the Sun fhall have ar the hour of 6, Example, So
when theSun bath 17 degrees of North Declination, as about the
27 of April, his Akitude at the hour of 6 will be found to be 13¢
34™ and his Azimnth from the Meridian 79 14™ whence I may
conclude if his obferved Altitnde be lefs uponthe fame day, and the
Hour and Azimuth fought, the Bead muft be fet to the Winter
Ecliptick, and the Operation performed in the reverted Tail.

Here it may be noted alfo that the exa&telt way of re&ifying the
Bead, will be either from a Table of the Suns Declination , faying
the Thread over the fame in the gradnated:Circle, or from his true
place, laying it over the famein the proper Ecliptick, or from his
right Alcenfion counted in the Limb. 3

r
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Or Laftly from his Mecidian Altitude on the right edge of the

Quadrant, for thefe do mntually give each other the Bzad, being
re@ified to the refpe&ive Ecliptick as before. for Example. |

Tofind the Suns Declination.

The Thread laid over the day of the Moneth , interfects it upon
that Circle whereon it is graduated, which in the Summer half year
¢ to be accounted on this fide the Equinottial, North, and in the
Winter-halfyear, South ; fo laying the Thread over the 27th. day
of April, itinterfe&s the Circle of Declination at 17 degrees, and
fo much was the Suns Declination.

To find the Suns true place.

The Thread lying as before, fhews it on the refpective Ecliptick,
Sothe Thread lying over the 17 of April, will cut the Summer
Ecliptick , in 17% 7™ of Tauras; or in 12* §3™ of Leo, which
agrees to the 26 day of 7uly, or thereabouts , the Thread interfect-
ing both thefe days atonce; and the oppofite pointsof the Eclip-
tick hereto, are 1747™ in Scorpio, about the 20 of O&tober ; and
12¢ 537 of Aguarins, about the 22 of Fanmary, all fhewed at once
by the Threads pofition.

To find the Suns right Afcenfion.

Lay the Thread over theday of the Month as before, anditin=
terfes itin the equal Limb; whence taking itin degrees and mi=
nutes of the Equator, whilft the Sunis departing from the Equator
towards the Tropicks , it muft be counted as the graduations of the
Limb, from the lefc edge towards theright; but when the Sunis
returning from the right edge towards the left; the right Afcenfi-
on thus found, muft be eftimated according to the feafon of the

year.

Joune 11 t0 Sepe. 13 90

From Sep. 13 to Dee. Il%hgvﬁﬂ 13@%‘!‘%;?:5 added
De¢, 11 to Mar.10 270 J d

| : ut
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Bt in finding the Hour of the night by the Qoadrane, we need
no more then 12 hours of Afcenfion, for either Sun or Star, and
the Limb is accordingly numbred from the left edge towards the
right, from 1to6in af{maller figure, and thence back again to
12, and the other figures are the Complements of thefeto 12, fo
that when che Suo is departing from the Equator towards the Tro-
picks ; his right Afcenfion is always lels then 6 hours,and the Com-
plement of it more; but when heis returning from the Tropicks
tewards the Equator, itisalways more then 6 hours, and the Com-
plement of it lefs ; the odd minutes are to be taken from the Limb,
where each degree being divided into 4 parts, each part fignifiesa
Minute of time, and to know whether the Sun doth depart from, or
return towards the Equator, is veryvifible, by the progrefs and
regrels of the days of the month, as they are denominated on the
Quadrant.

Example.

So the Thread laid over 17¢ of Declination, which will be

27 April yThe Sunsy 441 37™ 2" 58
about 26 Fuly rightAf (135 23 ) In o 2
the 20 Oflober ( cenfion (224 37 Htime 2 58
22 fanuary ) willbe 3154 23 (v g

E wt bere the larter 12 hosirs are emisteds
Such Propofitions as require the ufe of the Bead, are,

To findthe Suns Amplitude, or Coaft of rifing and fetting from
the true Eaft or weft,

Bring the Bead, being re&ified to either of the Eclipricks, it mat-
ters not which, to either of the Horizons, and the Thread will in-
terfe@ the Amplitude fought, npon both alike : Example; The
Suns Declination being 17 North, or South, the Suns Amplitude,
will be found to be 282 .

The Amplitude before found for the Summer half year, is to be

D ac-
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accounted feorm Ealt or Weft Northwards ; and in: the Winter hal?
year from thence Southwards,

To find the vime of the Suns vifing o [etring,

The Thread lying in thefame Pofition, asin the. former. Propo-
fition, interfe&s theAfcenfional difference inthe, Limb, which may-
there be counted either in degrees or Time.

E xample.

So the Bead lying upon the Horizon, being reifiedto 17 of
Declination,the Thread interfects the Limb at 22¢ 387, which is 1t
30™ of time, and fo it (hews the time of Suns rifling in Summer.,
or fecting in Winter, to be at half an hour paft 4 ; and hisrifing in
Winter, and fetting in Summer, to be ac ha'fan hour paft 7.

To find the length of the Day or Nizht.

The time of theSuns rifiag and fe:ting are oneof them ; the
Complement of the other to 32 hours; fo that one. of them being
known, the other will be found by Subftraction:; the time of Suns
fetting is equal to half the length of the day ; and this doubled gives
the whole length of the day; in referenceto theSuns abode above
the Horizon, the time of fetting converted into degrees,is al(o called
the Semi-diurnal Ark ; the time of Sua rifing (fo converted is called
the Semi-no&urnal Ark ) doubled gives the whole length of the
Night ; fouponthe 27'" day of ».4pri/, the Sun baving 17" of De-
clination, the length of the day is 15 hours, andthe length of the
night 9 hours. '

T'o find the Suns Alsitnde on all Hours; or at any time propofed,

In Summer time, if the hour propofed be before 6 in the morn.-
ing, oraftecitinthe evemug, l2y the Thread to the hour in the
Limb, the Bead being firft re@ifizd to the Winter Eclipticks and
amongft the Paralels of Altitude above the pper Horizon, it (hews
the Alticude fought.

Ex-




Thelife s of the Projection.

Example.

Soithe Sun having 16* of declination Northwards, as about the 24"
of April, laying the Thread over the Declination, I fet the Bead to
the Winter Ecliptick, and if it were required to find what Alticude
the Sun fhall haveat 36 minutes paft 6 in the afternoon, lay the
Thread over the fame in the Limb, and the B:ad among the Parra-
lels of Alticude will fall upon 74,

At all other timesthe Operacion is alike; the Bead being re&i-
fied co thar EC[iptick tat is proper to thefeafon of the year : Lay
the Thread over the propofed hour inthe Limb, and the Bead a-
mongh the Parralels of Altitude, fheweth the Altitude fought.

Example.

So if it were required the fame day to find what Altitude theSun
(hould have ac 19™ paft 2 inthe afternoon ; Lay the Thread in the
Limb over the time given, and the Bead among the Parralels of Al-
titude will fall upon 45 for the Alcitude foughe.

To finde the Surs Altiende on all Azimaths,

IN the Sommer halfyear, if the Azimuth propounded be more
Northward then the Azimuth of the Sun (hall have at the hour
of 6 ; The Bead muft be reified to the Winter Ecliptick, and
brought to the Azimuch propofed above the upper Horizon, and
there among the Parralels of Alcitude, it theweth che Altitude
fought.

Soabout the 24" of April, when the Suns Declination is 16¢ his
Azimuch at 6 of the clock will be found to be 76! §4™ from the
South; Then ifit were required to find the Suns Altitude npon an
Azimuth more remote, asupon 107¢ froem the South, laying the
Thread over the Declination, I fet the Bead to the Winter Eclip-
tick ; and afterwards carrying it to the Azimuth propofed among
the Parralels of Alticude above the upper Horizon, it falleth upon
7*for the Suns Altitude fought.

In all ocher Cafes bring the Bead redified to the Ecliptick pro-

B - Pr
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per to the feafon of the 'year, to the Azimuth pranfcd; and
among the Parralels of Altitude it fheweth the Altitude ought ; So
far the fame day, I fet the Bead to the Summer Ecliptick , and if
it were required to know what Alticude the Sun fhall have when his
Az'muth is 50d 48’ from the Meridian carry the Bead to the faid

Azimuth, and 2mong the Parralels of Altitude it will fall upon 48d
for the Altitude foughe.

Z'he Homr of the night Propofed to find the Swns Deprefsion um-

der the Hoyszon.

[Magine the Sun to have as much Declination on the other fide the

Equinoctial, ashe hath onthe fide propofed ; aud this Cafe will
be co-incident with the former of finding the Suns Altitude for any
time propofed ; the reafon whereof is becaufe the Sun is always fo
much below the Horizon at any hour of the night, as his oppofite

Poiot in the Ecliptick is above the Horizon at the like hour of the
Day.

Such Propofitions as depend upon the knowledge of the Suns o Alti-

titude, are to find the Hour of the Dayy and the eAzimuth ( or
true Coaft ) of the Sun. -

L]

He Suns Altitude is taken by holding the Quadrant fteady,and
Tlming the Sun Beams to pafs through both the Sights at once,
and the Thread hanging at libercy (hews it inthe equal Limb,
if this be thought unfteady, the Quadrant may reft upon fome
Concave Difh or Pot , into which the Plummet may have room to

Plagi but for greate Quadrants there are commenly Pediftalls
made.

The




The Ufe of the Projection.

The Altitude ﬁtppoﬁd to find the Hour
of the Day, and the AZimuth of the
Sun in Winter.

E&ifie the Bead to the Winter Ecliptick , and carry it along
amongft che Parralels of Alritude till it cut or interfe® that
Parralel of Altitude on which the Sun was obferved, and the Thread
in the Limb fheweth the hour of the Day , and the Bead amongft
the Azimuths theweth the Azimuth of che Sun.

Example.

So about the 18 of Ofober, when the Suns Declinationis 134 20
South if bis obferved Altitude were 18d the true time of the day
would be found to be either 36 minutes after 9 or 24 minutes paft
2 and his Azimuch would be 37 degrees from the South.

To finde the Hour of the Day, and the Azimuth
of ‘she Sun at any time in the Summer
half year,

IT was before intimatad, Thatifthe queftion were put when the
Sun hath lefs Alticude then he hath at the hour of 6 of the clock,
that then the Operation muft be performed amongy thof= Parralels
above the upper Horizon, in the reverted Tail, the Bead hegg

FEl=




22 TheUfes of the Projettion,

rectified to the Winter Ecliptick ; and that it might be known
what Altitude the Sun (hall have at 6 of the clock, by bringing the
Bead rectified to the Summer Ecliptick , to the left edge of the
Quadrant.

So admitting the Sun to have 16 of North Declination, which
will be about the 24 .~ pri/, I might finde his Altitade at 6 of the
Clock by bringing the Bead reified to the SummerEcliptick to the
lef edge of the Quadrant ;. tobe 12¢ 28™ whence I.conclude,if his
Altitude be lefs, the Bead muft be re&ified ro the Winter Ecliptick,
and be brought to thofe Parralels above the upper Horizon ; aad it

may be noted, that the Suns Altitude at 6 is always lefs then his de-
clination.

E xample.

Admit the 24™ of April aforefaid the Suns obferved Altitude
were 7 laying the Thread over the Suns Declination, or the day of
the month ; I re&ifie the Bead to the Winter Ecliprick, and bring
itto the faid Parralel of Altitude above the upper Horizon; and
the Thread interfe®s the Limbat 9¢ 3™ fhewing the hour of the
day to be 24 minuces paft 5in the morning, or 36' paft 6inthe
evening, and che Bead amongft the Azimuths thews the Azimuth
or Coaft of the Sun to be 1074 from the South,

Anosher Example-

But admitting the Sun to have more Altitade then he hath at the
hour of 6, the Operation notwithftanding differs not from the for-
mer, but only 1n re@ifying the Bead, which muft'be fet to the Sum= -
mer Ecliptick, and then carri¢d to the Parralel of the Suns obferved
Altitude, and the Thread wiil inter(c& the Limb at the true time of
the day,and the Bead amongft thie Azimuths fheweth the true Coaft
of the Sun.

So upon the 24" of April aforefaid , the Suns obferved Altitude
being 45°% I bring the Bead re@ficd to the Summer Ecliprick, to
the faid Parralel of Alcirude. and che Thread interi:f&s,l:be Limb at
55¢ 15™ (hewing the hour to begither 41™ paft oin the morning,
or 19™ paft 2 inthe ofternoon ; ‘to be known which by the m:i:;
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fing or decreafing of the Altirude, and the Bead amongft the Azi-

muths fhews the Azimuth or true Coaft of the Sun to be §0%41'from
the South =

Anotber E xample.

Admit when the San hath 19% 13 of North Declination wh'ch
will be abeut the 6th of Aday, his oblerved Alritude were 56d the
Beed being fet to the Summer Ecliptick, and brought. to that Par-
ralel of Alritude amongft the Azimuchs (hews the Suns true Coaft
to be 23d from the South, Eaftwards in the forenoon, and Weft-
wards in the afternoon, andthe Thread inthe Limb fheweth the
true time of the day to be either'7’ paft 11'in the forenoon, or §8™
paft 13,

The Depre(sionof the Sun [uppofedto findthe true time of
the wight with us, or the hour of the day to our Antipo-
dess Asalfothe true Coaft of the Sun upon that De-
prefsion.

His Propofition may be of ufe to know when the Twilight bea

gins or ends , which is always held to be when the Sun-hath

184 of Depreflion under che Horizon, to perform this, Imagine as -

much Declination on the contrary fide the Equino&ial , as the De-

clination given, and find the time of the Day, asif the Suns Alci-
tude were 184 :

Sowhen the Suns Declination'is 164 North , asabout the 241h
of April,laying the Thread over it I re&ifie the Bead to the Winter
Ecliptick , and bringing it to the Pacralel of 184 the Thread in the

imb (bew the Twilight to begin at 54 paft 1 in the morning and
ends at 6' paft 1o at night,and theAzimuth of the Sunto be 284 58"
which in this Cafe is to be accounted from the North.

But if the Suns greateft Deprefiion at night be lefs then 18d as
that it may beinany Latitude where the Meridian Alticude at any
time in Winter or the oppofite Signe islefs then 18d there is no
- dark night which in our Latitude of London will be from the 12th of
May to the 11% of 7aly.

9%




The Wfe of the Projeltion,

Of the Stars graduated on the
PROFECT ION,

S‘Ll::h Stars as are between the two Tropicks only, aretherein.
feribed , and foch haue many things common in their Motion
with the Sun when he hath the like Declination , ‘as the fame Ame
plitnde, Semidiurnal, Arke, Meridian, Alcitude, Afcentional diffe-
rence, ¢ic, '

Thefe Stars have Letters fet to them to direc to the Ciccle of Af-
cenfions on the back of the Quadrant, where the quantity of their
right Afcenfion, isexprefled from one of the Equino&ial points;
thofe that have more Afcenfion then 12 hours irom the point of
eAries, are known by the Chara&er plus * et to them ; many
more Stars might be there inferted, bucif they have more then 23¢
31" of Declination , the Propofitions to be wrought concerning

them are to be performed with Compafles, by the general Lines on
the Quadrant.

Tofindthetrme timeof the Day or Night when'any Star
commeth te the Meridian,

In the performing of this Propofition we muft make ufe of the
Suns whole rightAfcenfion in time,which how that might be known
hath been already treated of , as alfo'of the Stars whole righe Al-
cenfion, which may be had from the Circle of Alfcenfions.on the
back of the Quadrant if 12 hours beddded to the right Afcenfion
of a Star taken thence that hacha Letter Characer affixed co it -

Subftra& the Suns whole right Afcenfion from the Stars whole
right Afcenfion, encreafed by24 hours when Subftraction cannot
be made without it, the remainder is lefs then 12 fhews the timg of
the afternoon or night when the Star will be upoathe Meridin ;
but if there remain more then 12, rejed 12 out of it and the refidue
{hews the time of the next morning when that Star will be upon the
Meridian. Ez.




. TheWfes of the Projection.

Example.

The 23 of December the Suns whole right Afcenfionis 18 hours
§3" which fubRracted from 4 ho:16’ theright Afcenfion of the Bulls
eye encreafed by 2.4 there remains 9" 23" for che time of that Stars
comming to the Meridian, and being [ubftrated from 6 ho: 30 the
right Afcenfion of the great Dogg, there refts 11 ho: 37’ forthe
time of that Srars coming to the Meridian at night,

This Propofition is of good ufe to Sea-men , who have occafion
to obferve the Latitude by che Meridian Altitude of a Star, that they
may know when will be a fit time for obfervation.

In finding the time of the Night by the Stars , we ufe but 12 ho:
of right Afcenfion, nor no more in:finding the time of their rifing
or fetting, fo that when it is found whether it be morning or even-
ing is left te judgement, and may be known by comparing it with
the former Propofition, ifthere be need fo to do.

T find the Declination of any of s befe Stars.

This is engraven or annexed to the Stars names, yet it may be found

_on the Proje&ion, by reifying a Bead ro the propofed Star,and
bringing the Thread and Bead o that Ecliptick it wil interfett;and in
the fame Pofition the Thread will intere& the faid Stars declination
in the Quadrant of Declinations ; if the Bead meet with the Sum-
mer Ecliptick the Declination is North , if jwith the Winter South.

To find the Amplitnde and aAfcenfional difference of any of
the Stars om the Projelt on.

Ring the Bead reQified to the Star to eicher of the Horizons,
the Thread being kepe in its due Extent, and where it in-
terfects the fame it thews that S:ars Amplicude which varies not,and
1s Northward if chz Scar thave North declination, otherwife South.
wards, the Thread likewile intecfeing the Limb, iheweth'the Stars
Alcenfional difference.

E Exvam pf 3

L




26 The U fes of the Projection.
Example.

So the Bead being re@ified to the Bills eye, and brovght to tht;
tower Harizon , (hews the Ampliruds of that Star to be 25¢ 54
Northwards becaufe the Szar hach North D‘:rhn_au_nn; And the
Theead lyech over 20" 49" of the Limb which is this Stars Afcenfio-
ral difference, which in Time is 71 ho23™ The Thread in the Limb
lyeth over 4 ho 37™ from midnighe for the Stars bour of rfing,
and over 7 ho 23" from the Meridian for. the Stars hour of fetting
always in this Lacicude which with the Amplitude varies nor, except
with a very fmall allowance in maoy years. -

T find a Stars Diurnal e Ark ., orthe Time ef its continis=
ance above the Horizon. .

Torth SO add
When the Star Fath Nor: Declination  gubftra&.
Someh
the Afcenfional difference ofthe Star before found in
to 8 Sum ? _
Time -6 hours, the is balf the
from Refidue time.

Of that Stars continuance above the Hoiizon, which doubled,
fhews the whole time, the Complement whereof to 24 ho is the
time of that Stars dorance under the Horizon.

Example.

Sothe Afcerfional difference of the Baulls e being in time 1 ho:
23 "added 1o 6 hours, and the Sum doubled makes- 14 hours 46™
for the Stars Diornal Ark or abode above the Horizon, the refidue
whereof from 24 is 9 ho: 14™ for the time of its durance under the
Horizon. iyt _

To find the srue time of the Dayor wight ., When the Star
rifeth or fetteth, :

] He Stars hour of rifing or fetting found as before,being no other
but the Afcenfional difference of the Star added to, or [uhﬂra&&
3
@
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ed from 6 hours 3 which the Thread (heweth inche Limb the Bead
being retified to a Star, and brought to that Horizon it will inter-
{e@; is not the true time of the night; but by help thereof thac
mav be come by ; this we have denominated to be the Stars hour,
and is no other but the Stars horary diftance from the Meridian ic
was laft upon ;

[faStarhave N " Declination the Stars hour of rifing

South
muft be reckon. before 6 andchetime of  afrer 7 6
ed to be afrer § - its fetting befm:_%

Now the time of the Stars rifing or fetting found by this and the
former Propofitions muft be turned into common time by chis Rule.
To the Comp'ement of the Suns Afcenfion add the Stars Afcenfion,
and the Stars hour from the Meridian it was latt upon,the Amount if
lefs then 12 fhews the the time of Stars rifing or fetting accordingly ;
but if it be more then 12 reje® 12 as oft as may be,and the remaind-
fheweth it.

So upon the 23° of December for the vime of the Bulls eyz rifing.
The Complement of the Suns Afcenfion found - m

by the forefide of the Quadrantis———§ 5 7
And the faid Stars Afcenfion on the backfide is=—+ 1 6
The Stars hour of rifing is e e S I

14 hoors,

From which 12 reje@ed refts 2 hours for the time of that Stars ri-
fing, which Tconclude ro be at 3 in the afternoon, becauofe that Stac
was found to come to the Meridian ac 23 " paft 9 at nighe , the like
Operation moft be ufed to get the time of that Stars fetting, which
will be found to be at 4 ho 46 * pakin the morning. i

n

Complemem © Afcenfion T
Stars Afcenfion— 4 16
Stars hear of [esting pecc S AR

- 16 h.46"

E 2 e




1 he 1 [es of the Prejection.

Yo find what Altitude and Azimuth a Star thar bath North
Declination [ball have when it i3 6 hours of T.me from
I;Jf Lﬂ’fﬁ’ri‘dﬂﬂ#-

E@&ifiethe Bead to the Star, and bring the Bead and Thread

to the left edge of the Quadrant, aud there among the Parra-
lels of Altitude and Azimuths it theweth what Altitode and Azimuch
the Star fhall have.

Example,

So the Bead being fet to the Bulls eye and brought to the left edge
of the Quadrant it will be found to have 12 17’ Altitude, and 80! 3°
Azimuth from the South,when it is 6 heurs of time from the Meridi=+
an, which Propofition is afterwards ufed to know to which Eclip-
tick in fome Cafes to re@ific the Bead as hath likewife been intima-
ted before.

T he Azimuthof a Star propoed, To find whar rime of the Night
the Star fball be supon thar Azimuth, and what Algitude
it [ball then bave.

C)uppoﬁng the Azimuth propofed to be nearer the South Meridi-
v.b an then that Azimuth the Star fhal have when it is 6 hours from
the Meridian : Brirg the Bead re@ified to the Star, to the propofed
Azimuth, and among the Parralels of Alutude it (hews that Stars
Altitude, and the Thread in the Limb fhews that Stars hour tobe
turned into common time to attain the true time foughe. :

Example.

If the queftion were What Altitude the Balls eye (hall have when
his Azimuch is 624 48" from Souh, this being Jefs Azimuth then he
hath at 6 hours from the Meridiany the re@ified Bead being broughe
to the Azimuth fhewerh among the Parralels,the Altitude to be 394
and the Stars hour fhewn by the Thread in the Limb is either 8 ho:
56" or 3 ho: 4' from the Meridian ; then if upon the2 3 of Decem-

’ bey
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ber you wonld know at what rime the Star (hall bave chis Altitude

on this Azimuth, Change theStars hour into common time by the
former Rule.

Decemb. 33 Complemem of & Afcenfion fibe shio’
Stars Aicenfion 4 16 >4 16

18 19112 27

And you will find itto be at 19’ paft 6 in the evening, orat27™
paft midnight.

For Stars of Sonth Declination being they have no Alitude as
bovethe Horizon at 6 ho: diftance from the Meridian, the opera.
tion will be the fame; void of Caution.

But for Stars of North Declination when the propofed Azimuth
is more remote from the Sourh Meridian then the Azimuth of that
Star 6 ho from the Meridian, another Bead muft be re@ fied to che
Wiater Ecliptick, and carriedro the Azimuth propofed above the
upper Horizon, where amongft the Pirralels it thews the Alricude

fought ; and the Thread inthe Limb (hewcth the Stars hour to be
converted into common time,

Example.

The Azimuth of the Balls eye being 107 53 from South,which
is more then the' Azimuth of 6 hours, the other Bead fet tothe
Winter Ecliptick, and carried to that Azimuch in the Tail , fhews
the Altitude to be 6% and the Stars hourto be s ho: 18' Or 6 ho:
32" which ‘converted into common time, asu on the 234 0f De

¢ember , will be either 41" paft 2 inthe afternoon, or sm paft 4 in
the morning foflowing. | SRER R p
“"Dreembér 23 ' ‘Complément Suns Afcenfion g 75 v
" Stars Afcenfior- 4 16(4 16
Stars hour - §: 186 " ap

Rejecting 12 the Total is=—- 2 410c4 5

The
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The Haonr of the night propofed to find Whar Alvitide and e 4z
muth any of the Starson the Proj-Clion that are absve
the Horizon fall have at that time.

F Icft turn common time into the Stars hour, the Ruleto doitis,
1 Tothe Complement of the Stars Afcenfion add the Suns Af-
cenfion, and the time of the night propofed , the Aggregate if lefs
then 12 is the Stars hour ; if more rejed 12 as oft as may be, and
the remainder is the Stars hour fought. So the 23 of December,
at 8 2 Clock 59 minutes paftat night what fhall be the Horarie di-
farce of the great Dogg from the Meridian

Complement of great Doggs b :

Afcenfior } 5

30
Suns Afcenfion 6 53

Time of the night 8 50

The Sum is, 12 rejeCted 9 22

Then for Stars of South Declination, reifie the Bead to the
Star propofed, and lay the Thread over the Scars hour in the Limb,
and the Bead amongft the Parralels and Azimuchs, fhews the Altis
cude and Azimuth of the Star fought, Example, Sothe Bead be-
* ing reQified to the great Dogg, and the Thread laid over ¢ ho 22’
in the Limb, the Bead will {hew the Altitude of that Star at that
time of the night to be 144 and its Azimuth 39' from the South. '

The Operationis the fame for Stars of North Declination when
the Stars hour found as beforeis not more remote from the South
Meridian then 6 hours on either fide.

But if it be more then 6 ho diftance from the Meridian as before
6 after itsrifing, or after it before its fetting , then asbefore fo
gefted , one Bead muft be re@ified to the Star , and broughtto d?;
Summer Ecliptick, where the Thread being duly extended, another
muft be fet to the Winter Ecliptick, and afterwacds the Thread laid
over the Stars hour in the Limb, this latter Bead will fhew the Stars
Azimuch and Parralel of Altitude in the reverted Tail above the up-
per Horizon.

E xample. 3!

So upon the 23 of December, 1 would know what Azimuth and
Alticude the Buliseye fhall haveat 4a Clock 5§ minutes paft the
morning following. Time
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Time propoled 4h 5
Complement of Bulls eyey 7 44
Afcerfion Rrder
Suns Afce: fion 23 of De-C 6 53
cember +
12 rejeted refts ————- Bh 42

Proceed then and lay the Thread aver 42" paft 6 and the Bead a-
mosg the other Paralels in the Tail (hewech the StarsAlritude to be
6 9and its Az'muth from the Meridian 1094 53"

Thefe two Propofitions havea good tendencyin them to difcover
fuch Stars as are apon the Proje&ion if you know them not, but
fuppofing them known the Propofition of chicfcft ufe is

By having the Altitwde of @ Star given so find out the true Time
of the night, and the « A zimuth ot bat Star.

If the Stars obferved Altitude be lefs then its Altitode 2t 6 ho :
diftance from the Meridian; Bring the Bzad, re&ified to the Star,
te the Summer Ecliptick and fet another Bead to the Winter E-
cliptick , Then carry it to the Parralell of Altitude above che upper
Horizonin the Reverted taileand there it will (hew the Azimuth of
that Star ; and the thread in the Limbe (hews the houre.

- - So if the obferved Altitude of the Bu/ls eye were 6% its Azimuth
would be found tobe 107¢ §3' from the South,and its hour 42° paft
6 from the Meridian the true time would be found to be § minutes
paft 4 in the morning the 24 of December,

hot 1ol
Complement of @ Afcenfion
the 23 of December 5 7
Stars hour - UL b
- Stars Afcenfion - A 16
4 5

Bue
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But for Stars that have South declination or north , when their
Alticude is more then their Altitude being 6 hours from the Meri-
dian, this crouble of rectifying two Beads is fhbunned ; in this Cafe
only bring the Bead that is rectified to the Star tothe Parralelof
Altitude, and there among the Azimuths it will fhew the Stars Azi-
muth, and the Thread in the Limb interfects the Stars hour foughe.

E xample,
December 11 Bulls eye Altitnde 39! Azimoth from the South
62! 48 Hours fromthe Meridian———8"  §6°
Complement of @ Afcenfion——6 00
Afcenfionof Bullseye—————4 16

The true time of the night was 12" paft 7 of the Clock 7 13
Anozher Example. |
The great Daggs obferved Altitude being 14", his' Azimuth from
the South would be 39° :
And the Stars hour _ﬁ'nm} h ' m

the Meridiar o a3
Stars Afcenfior,—- e Puhbge 7o
If this Obfervation were upon the 31 of December, thep
Complement of che Sunsgq. 30
Afcenfion would be=——
ol - Friof )

And the true tifre of che night 23 minttes paft eight of the
G0 e BRSNS I

Eor vatieties fake thereis alfo added to the Book a Draught of
the Proje@ion for the Latitudé of the Barbades ; in the ufe where-
of the Reader may obfervethat' évety ddy when the Sun comes to
(he Meridian between the Zenith 29d che Elevated Pole, be will
upon divers Azimuths in the forénoon® (45 alfo inche afternoon )

have two feveral Alditades, and fo be twise before noon, and n:;r_ice
after
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afternoon, at feveral times of the day, upon one and the fame/Azi-
muth, viz. only upon fuch as lye betweea the Suns Coaft of rifing
and fetting, and his remoteft Agimuth from the Meridian, wbich
canfeth the going forward and backward of the fhaddow ; but of
this more hereafter, when I come to treat of Calculating the Suns
Alticude on all Azimuths ; It may alfo be obferved that the Sun for
the moft partin thofe Laritudes hath no Vertical Alticude or D:-
preffion,and fo,comes not to the Eaft or Weft.

Moreover there is added a Draughtjof this Proje&ion for the
Latitude of Gr:enlard , inthe ufe whereof it may be obferved that
the Sun, agood part of the Summer half year comes not to the
Horizon, and fo neither rifeth nor (ets.

And that no convenient Way that this Proje&ion can be made
fhould be omitted, there is alfo one drawnina semi-Circle for our
own Latitude . which in the ufe will be more facile then a Qua-
drant, there being no trouble before or after fix in the
Summer time , with re&ifying another Bead to perform the Ope-
ration in the reverted Taile, neither doth the Drawing hereof oc-
cupy near the Breadth, asina Quadraot, and fi> befides the eafein
the ule is more exa& in the performance,there being no other Rule
required for re&ifying the Bead . but to lay the Thread over the
day of the Month, and to fetche Bead to that Ecliptick the Thread
interfe&s.

A Semi-Circle is an Infirument commonly ufed in Surveigh, and
then it requires a large Center-hole ; however this Proje&ion may
be drawn ona Semi-Circlefor Surveigh, but when ufed athome
there muft a moveable round Bit of brafs be contrived to fop up
that great Center-hole , in which muft be a fmall Center-hole for a
Thread and Plummet to be fatned , as for a Quadrant and fome
have been fo fitted .

The Reader will meet with variety of Lines and farniture in this
Book to be put in theLimb,or on other parts of the Semicircle,as he
beftliketh. The Projeion for the Barbades & Greenland,are drawn
by the fame Rules delivered inthe Defcription of the Qaadrant,and
{o alfo is the Summer part of this Semi-Circle, and the Winter part

by the fame Rules that were given for deawing the Reverted Taile.

F of
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Of the Q vadrant of o~ [cinfions,

T he tarning ofthe Stars hour into the Suns hour and the the con=
vere may be alfo dene by Compaffes upon the Quadrant of Af-
cen{ions on the back fide,

To turn the Srars EHonr into commontimey call d the Suns kowr.
He Arithmeical Rule formerly given is nothing but an abridg-
ment ofthe Rule delivered by Mr. Gaarer, and others, and the

work to be done by Compafles, differeth fomewhat from it,though
it produce the fame Conclufion which ts 2
To get the difference between the Afcerfion of the Son and the
S:ar by fubftra@irg the Iefs from the greater s this remainder is to
be added to thie Stars hour, when the Star is before , or hath more
Afcenfion then the Sun, but otherwile to be fubftra@ed from ir;
and the Sum or remainder is the true time fough. _
To do this with Compafles, take the difiance between the Star
and the Suns Afcenfion,and fet the Suns foot to the obferved hour
orthe Star from: the Meridian it was laft upon, letting the other
foot fall the fame way it frood Before, and it fheweth the time
fought, if it doth not fall off t' ¢ Quadrant, . '
1fit doth , the work will beto finde how much itdoth excur,
and thi: may be done by bringing it to the end beyond which it
falleth, letting the other foot fall inwardfthe diftance then between
the place where it now falleth,and where i ftood before, which was
at the Stars hour, is equal to the faid excorfion, whichbeing taken,
ard'meafured on the other end of the Scale, (hewsthe time fought:

| his trouble may be prevented in all Cafes, by baving 12 hours
more repeated afcer thefirft 12, 0or6 hours more may ferve turn
ifthe whole 18 hours be alfo double numbred, and Stars names be-
ing fec to the Addtional bours, poflibly the Suns Afcenfion and
Star do not both fall:in the fame 12 hours;, yet potwithftanding
(he ditance is to be takenin the fame 12 hours between the quanti-
ty of the Suns Afcenfion andthe Stars, and to proceed therewith
as before , and the Compaffes will never excur; in the numbring of
thefe hours , afcer 12 are numbred they are to begin again, and are
sumbred as before, and not with 13, 14, ¢&¢.

And this trouble may be fhunned when there is but 13 hours by

2—.
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afTaming any hour to be theStars hour,with fuch condition that the
other feot may fall upon the Line;and the faid affumed hour repre-
fenting the Stars hour; count from it the time duly in order, till
you fail upon the other foot of the-Compafles, and you will obtain
the true time fought.

T'o trrm commion time , or the Suns bour into the Stars howr.

Tl—ﬁs is the Converfe of the former , take the diftance between
the Star and the quantity of the Suns A‘cenfion, and fet the
Sear foot to the Sans hour , letting the other fail the fame way it
ftood before, and it fhews the time fovght.

Of the Quadrat and $raddows.

Both thefe as was fhewed in theDefcription of the Quadrant,are
no other then a Table of natural Tangents to the Arks of the Limb
and may fupply the ufe of foch a Cannon, though not with fomuch
exa@nels, all the pare of the'Quadrate are'to be eftimated lefs then
the Radius, till yon come againft 45 ' of the Limb, whereis fet the
fisure of 1, and afterwards amongft the fhadows is o be account-
ed more then the Radius , and fo whare the Tangent isin length

2 p ) 631 267"
3 (_Radiias 71 34 _
4 ( againft 225 58 é of the Limb.
5 .) 28 42

are fet the figores 2, 3, 4,5, and becaufe they are of good ufe to be
repeated on the other fide of the Radius in the Quadrat , there
they are not figured, buthave only full points fet to them , falling
againkt the like Arks of the Limb from the right edge towards the
left;as they did in the fhadows from the left edge towards theright.

T'o find & highs as ene Obfervation.




36 The Ufe of the Quadrat and § baddaws,

LEI: A B reprefent a Tower, whofe Altitude you would take,
£

Q

o fo far back from it that looking through the fights of the
1adrant, the Thread may hang upon 45 degrees of the Limb, or
upon 1, or the firlt prick of the Quadrat , and the diftance from
| the foot of the Tower will be equal to the heighe of the Tower a-
73l bove the eyes which accordipgly mealure, and thereto fadd the
i3 1; height of the eye above the ground, and you will have the Altitude
1 ofthé Tower. -

So if I fhould ftand at D and find the Thread ro hang over45®
of the Limb, I might conclude the diitance between my Station and
the Tower to be cqual to the height of the Tower above my eye,
and theace meafuriog it find to be 96 yards, fomuch would be the
height of thie Tower above theeye. \

1# 1 remove farther in til the Thread hang upon the

fecond
third ( point of the Quadrat, then willthe Altitude of

E?Emh the Tower above the level ofche eye be
ifch

ewice T as much as the diftance from the Tower
thrice (S’ is to the Station.

four .
five }nmes_

So removing to € ; 1 findthe Threadto hang upon the fecond
soint of the Qnadrat , and: meafuring the diftance of that Station
from the Tower, I find it to be 48 yards, whence I may conclude
the Tower istwice ashigh above my eye, and that would be 96

yards.
$o if I fhould remove fo mugh back that the Thread fhould hang

upon 2y ofthe fhad- 7as E the diftance
3% dows } at F berwesh: '
4 7]
s.) &c. j DT
i - twice?
the Stagiop-and the fogt-ofthe - th _
Toweswould be pii .Y m .}Iimr.s

as much as the height bf the Tower above the eye,and confgqueutl_);_
i
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if 1 (hould meafure the diftance berween D and E where it bung
-upon 1 and 2 of the Shaddows, or between E and F, where it hung
upon 2 and 3 of the fhaddows, & I (honld find it to be equal to
the Altitude ; but other ways of doing it when inaccellible will
afterwards follow.

A Second way at one Station.

Wlth any dimenfion whatfosver of a competent length, mea-
fure off from the foot of the Objet, whether Toweror
Tree, juft 10 0r 100, &e. of the (aid Dimenfions, asfuppofe from
B to K, I meafure of an hundred yards; there look through the
fights of the Quadrant to ithe Top of the Objeét at A, aod what
parts the Theead hangs upon In the Quadrac or Shadows , fhews
she Alkitude of the Obje& inthe faid meafured parts, and fo atthe
faid Station at K the Thread willbang upon 96 parts, fhewingthe
Altitude A Bto be96 yards above the Level of the eye, and foif
any other parts were meafured off, they are to be multiplyed by
the Tangent of the Altitude, or parts cut by the Thread, rejecting
the Ciphers of che Radius, asin thenext Propofition.

> oA

|
.i,j
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A third way by a S1ation at Random.

Ake any Station at Random asat L, and looking through the

fights obferve upon what parts of the Quadrat or Shadows the
Thread falls upon , .and then meafure the diftance between the Sta-
tion and the foot of the obje&, and the Proportion will bold.

eA's the R adins

T the Tangest of the Altitude , or to the parts cut in the Quadrat
or fhadows,

So 65 the diffance besween the Station and the Object

T the height of the Objeil above the eye.

So fanding st L, the Thread hung upos 30° 58" aof the Limb,
as alfo upon 600 of the Quadcat, the Tangent of the faid Ark, and
the meatured diftance L B-was 160 yards , now then to work the
former Proportion, multiply the diftance by the parts of the Qua-
drat, and from the right handjof the product cuc off three places,
and you have the Altitude fought. '

_ 160
6Q0

96, 000 _ _

In this Work the Radius or Tangentof 45° is affumed to be
100Q,

To meafure part of an Altitude , as fuppofe from agwindow in &

Tower to the top of the Tower , may be inferred from 'what hath

been already faid; firk get the cop of the Tower by fome of the
: former
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former ways, and then the height of the window which fubftract
from the former Alticude and che remainder is the defired diftance
between the window and the top of the Tower.

The former Proportion may alfo be inverted for finding of &
diftance by the beighr,or apprehending the Tower to lye flat on
the ground , and fo the height to be changed into a diltance and
the diftance into a lieight, the fame Rules will ferve only the height
of a Tower being meafured , and from the top lookirg to the Ob-
jec through the fights of the Quadrant, what Angle the Thread
hangs upon is to be accounted from the right edge of the Quadrant
rowards the left; buc in taking out the Tangent of this Ark , after
I have obferved it,the Thread muft be laid over the like Ark of the
Quadrant from the left edge towards the right, and from tbe * Jua-
drac or Shad{ows che Tangent taken our by the Interfe&on ofthe
Thread, and (o to meafure part of a diftance muft be done by get-

ting the diftances of both places ficft , and then fabfira& the leffoc
from the greater.

To find the Altitude of any Perpendicular , by the
kﬁg:ﬁ of its ]badaw. -

T Hiswill_be like the firkt Propofition , with the Quadrant take
i the Altitude of ﬂ::iu: Sun, if info doing the Thread hang over
the 1

adifh |

3: pricks in the Quadrat, the length of the

p
equal to
double

Shaddow is tfripli: B 1y

our],. the height of the Obja
five }timts Tree, or Perpendicular

-

whatever it be ; Butif it hang in the fhaddows

g b W b e

the
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equal to
the highth of the obje®is  double
triple the length of the

five §cimes
Shaddow which may happen where the Sun hath much Alricude,

asin fmall Latitudes, and (o the length of the Shadow being forthe
with meafured, che height of che Gnomon may be ealily attained.

If she Threadin cbferving the Altitude bang on any odd parts of the
Luadrant or Shadows, the Proportion will hold as before.

As the Radiwus

To the length of the Shadow,

Sothe Tangent of the Suns eAleirude, o the pares cut by the Thread
Tothe hesghs of the Gnomion to be wronghe as im the third Propefitson ;
if the length of che Gnomon, and the length of its (hadow were gi-
ven ; without a Quadrant we might obtain the Suns Altitude, for

As she length of the Gromon

Is tothe Radins "
8o s the Length of its Shadow '
T o the Tangens of the Complement of the Swns Alyitwde. ™

And the height of the Sun , and the length of the Gnomon af-
figned ; We may find the length of . the Shadow by inverting the .
Proportion aforefaid.

As the R adins

T o the lengih of the Gwomon

8o the Corangent of the Suns Altstnde
Tovhe Lengeh of vhe 8hudow.

Tofind an innaccelSible Height at two Statiens.
: £

Afﬁ:mgaSminn any where , as at G, and there obfervethe '
Altitude of the Obje& A B which admit to be 70%Now it E
we
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well obferved by Mr. Phillips , that if you remove fo far back as
that the Obje& may appear but half fo high , asfiappofs ac I ic ap-
-pears to have but 359 of Alcitude that then the diftance between

Py \ |L IEU_IH

thefe two Stations G and I, isequal to the Jength of the Hipotenu
Sall, or fcaling Ladder A G ; and this muft needs be fo, becaufe
the Acute Angle A G B being the Complement of the Obtufe An-
gle ac G is equal to the Sum of the othertwo Acute Angles G A [
and G I A,which Sum is likewife Complement of the Obrufe Angle
at G to 180, butthele Angles by Suppofition being ¢qual each to
other will fubrend equal Sides; Admic then I meafure che diftance

G I,'and find it to be 102 yards and a tenth,/the Proportion to get
the Alkitude will hold

As the Radisns
Tothe [aid meafured diff ance
So 4 the Sine of the e Angle at the neaveft Statisn
\ Tothe eAltitnde of the Object.

T o work this with the Pen, Out of the Line of Sines take the Sine
of 70¢ with Compalles , and meafure it on the equal parts, where
admit it reach to 94 parts,

. Then multiply the faidnumber by the diffance 102, 1 and the
Produd will be 95, 974 from which cutting off three figures to the
cight hand the refiduc being '95, 974, is the Altiende {ought feré,
but fhould be 96 caufed by omicting . fome fra@ionate parts inthe
diftance which we would not tronble the Reader withall.

G Ane-

|
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Avnather more gemeral way by ary to Starions taken at:
randomics |

“ A& Dmit the fift S'ationto be as before at G where the obfer=

ved Aldirnde of the Obje& was 70° and from thence at plea.
{ure 1. renvove toH;, where obferving again Ifind'the Obje& to-
appear at 48’207 of Aftitude, and the meafured diftance beeween'
& and H'to be :oyards , a general Proportion to come by the Al=:
ritude in this cafe will hold?

A the diffevence of the (orangentsof the Arkicut as eisler Stas
tion.

T3 to the Difbasnce bervveen the two Stations,

Snis the Radius |

T o the Alritudi o the Objell or Tower.

To ‘ave the fubfraing of the two Atks from’ 9o to get their”
Gomplements , Imight have accounted them when they were ab.-
férved from the right edge of the Qgadrant towards the left , and:
have foud them to have been 20t and 41° 31™ ; to work this Pro<
portion lay the Thread over thefe two Arks in the Limb from the
jéfe edge towards the right, and cake out their Tangents ouc of the,
Quadrat and Shadows, then fubftra& the lefs fronrthe greater,the
remainder is the fitft’ tearm of the Proportion, being the Divifor:
i the Rule of three to be wrovghe by annexing the Ciphers of the:
R adius to the Diftance;or as Multiplicationin Decimalls ; and thenr

stividing by the fisk tearm che Quotient fhews the Altitude foughtr
413
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5. Tofindthe Hipotenn[al.
Given both the Sides.

arl} one of the given S ides. To the other given S sde s
Sois the Radins, To the Tangent of toc Angle oppofite to the othey [ide,
Then take the Complement of the Augic found. for the.
other Angle..

ﬁm; " Asthe Sine of the Argle eppofire to one of the given Ergig 5 o
Sides !

It to the given Sides s
So-¢y the Radins, Tothe Hipotennfah

6.. To find an Angle.
Given the Hipoteaufal, and-one of the Sides..

oA s1he Hipotennfal; I's to the given Side =
S4ir the Radins, Tothe Siwe of the Angle oppofice to the given fidé s
The Complement of.the:angle found, is the othier Angle.

i To find an Angle.
Given both the Sides..

oAdf ane of 1Bé given fides, To the other given Side :
S }Ir ’ihl R adins  Toshe Tangens of the angle oppefité to this other-
TilmCGmpltmm of the-anglé fourd is the other' Angle.

Becaofe the Sum of the Squaresof theLeggs of a right angled”
Triangle is equal to the Square of the Hipoten~” * 'y 47 1 Esclid.

Waﬂ theadand =™~ i ormed.

Iﬁ;

.
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2. Cafe, 770findaSideor Legg.

Given the Hipotenufal, and other Legg-

To do it by Logarithmes, Add the Logarithm of the Sum of che
Hipotenufa and Legg, tothe Logarithm of theirdifference , the
half Sum is the Logarithm of the Side fought. - ' :

Which in natural Numbers is to extra& che Square root of the Pro-
dud of the Sum and difference of the two Numbers given, namely,

the Hipocenufal and Legg, which faid root is cqual to thefide
fought.

5. Cafe, when barh the Sides ave given to findthe '
Hipotennfal.

To doit by Logarithmes, Subftra& the Logarithm of the fefler
fide from the doubled Logarithm of the greater , and to the abfo-
lute number anfwering to the remaining- Logarithm. add the lefer
fide the half fum of the Logarichmes of the Sam thus compofed ,
and of the leffer fidej, is the Logarithmof the Hypotenufa foughe ,

Which work was devifed , that the Propoficion might be perfor-
med in Logarichmes ; The fame Operation by natural numbers ,
would be to Divide the Square of the greater of the Sides by thelef-
fer, and to the Quotient to add the leffer Side , then muleiply that
Sum by the lefler Side, and extract the Square root of the'Product
for the Hipotenufal fought.

Gafes of Qbligue. Plain T inslis®

1. Data Tofindan Angle,

TWo fides with an Angle oppofite to one of them tofind the
Angle Oppofed to the other fide.

As ane of the Sides, To the Sine of irs oppafite Angle :
. Sothe other fide; to the Sine of the angle oppofedtherdo.
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Tfthe Angle given be Obtufe, the Side oppofite to it will be
greater then either of thereft, and che other two Angles fhall be
Acure ;

“But if the given Angle be Acute , it will be doubtful whether the
angle oppofed to the greater {ide be Acuze or Obtufe , yetatrue
‘Sine of the 4" Propertional.

The Sine found will give the angle oppofite to the other given
fide, if it be Acute,and it will always be Acute when the given angle
is Obtufe , But if it be fore-known to be Obtufe, the Arch of the
Sine found fubfira® froma Semicircle, and there will remain the
Angle fought,

In this Cafe the quality or affe&ion of the angle fought muft be
given, and fore-known , for otherwife itisimpoffible to give any
other then a double anfwer, the Acute angle found, or its Comple-
ment to 180", yet fome in this Cafe have prefcribed Rules to know
it, fuppofing the third Side given which is not, if it were then in any
‘Plain Triangle 1t would hold, That if the Square of any Side be
equal to the'Sum of the Squares of the other two Sides, the angle
it (ubtends is a right angle, if lefs Acute, if greater Obtufe ; but if
three Sides are given we may with as little trouble by following

‘Proportions come by the quantity of any angle , as by this Rule to
know the affe&ion of it.

Two Sides with an Angle oppofice to one of them , te find the
third Side,

Inthis Cafe asinthe former, the affe®ion of the angle oppofite
to the other given fide , muft be fore-known, or elfe the anfwer
may be double or doubtful.

A |
' |.

|
i
i
-
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Al ~ Inthe Triangle annexed there is given the fides AB-and AC
it with the angle A B.C to find the angle oppofite to the other given
180 fide, which may beeither the angle atCor D, and the third fide,
| which may be either B.C,or B D, the reafon hereof is becaule two
of the given tearms the Side A B, and theangle at B remain the
fame in both Triangles, and the other given fide may be either A C.
or A.D cqual toit., the one fallingas much without as the other
doth within the Perpendicular A E.

The quality of theargle oppofite to the other given fide being
known; by the former Cafe get the quantity , and then having two "
anges the Complement of their Sum to 180" is equal to the third
angle, the Cafe will be to find the faid fide, by having choice of the
other fides, and their oppofite angles as follows.

2. Two Ang'es with a Side oppofite to one of them given.
to firid the Side oppofite to the other,

As the Sine of the angle oppofed to the givem.Side,
ds 10 the given Side ;

S is the Sin: of the angle oppofite to the fide [oughts
Tothe [ide fought.

Ricciolus in the Trigonom rical part of his late Almageftam Neo-
vim, fuggettsin the refolutierofithis Cafe., that if the fide oppo-
fite to the Obtufe angle be fought , it cannot’be found under three
Operations ; as firftto get the quantity of the Perpendicular falling
feom the Obtufe angle.on its Oppofite fide, and then cthe quantity
of the two Segments of the fide, on which it.falleth and fo add
them together to obtainthe fide fought ; But thisis a miftake, and
ifit were true by the Jike reafon a fide oppofite toan Acute angle,
could not be found wichout the like trouble ; for in the Triangle.

above,

o5 the Sine of the angle at B

Istoirs Oppefite fide ACor A D,

Soisshe Sin- of the angle BC A,or BDA;

Toits ppp-fise Side B A,

-where the Reader may perceive that the fame fide hath oppofiteto
' it
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:t both anAcute and anObtufe angle,the one the Complement of the

other to 180¢, the fame Sine being common to both, for the Acute

angle A CE is the Complement of the Obtufe angle BCA ; but

the angleat C is equal to the angle at D being fubtended by equal

~ Sides, and the Proportien of the Sines of Anglesto their oppofite
Sides is already demonftrated in every Book of Trigemomerry.

3. T'wo Sides with the anghe com prebended to find cither of
the other Angles.

Subftra the angle given from 180", and there remains che Sum
of the two other Angles, then

As the Sum cf the Sides given,
T'o tangent of the balf [wm of the snknown Angles :

So is the difference of the faid Sides,
To Tangent of half the difference of the unksnown Angles.

1f this half difference be-added to half fum of the angles, it makes
the greater, if {ubRracted fromit, it leaves the leffer Angle

4 Two Sides with the Angle comprebended , to findvhe
shird fide.
g By the former Propofition one of the Angles muft be found,and
then
_ Asthe Sine of the angle found, s toits Oppefite fide :
~ 8o #s the Sine of the angle given,
To the Side oppofed thereto,

~ Iftwo angles with aSide oppofite toone of them be given, to

find the fide oppofite to the third Angle is no different Cafe from
the former, becaufe the third angle is by confequence iven, being
the Complement of the two given angles to 180",and the like if two
angles with the fide between them were given,

3. Throe Sides r0 find an Angle.

*" The Side fubtending the Angle fought is called the Bale,
H:2 As
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oAt tl e Reblanglé or Produtl of the balf Sum of the three fides, and

cafes of Plain T rir#gfﬂ.‘

of the differenc ¢ of the Bafe sherefrom,

Istothe Sqnare of the Radit

So i the Rttamyle of the difference of the Legg®, o¥ comteinin Sides
therefrom o tothe Sqhare of the Tangent, to balf the Aggffﬁyggrk

And by clianging the third tearm into the place of
the firft.
Az the Rellangle of the "I)iﬁ'}rfﬂff.r of the Lfgg:fram the balf Sim:
of the 3 fides,

Isto the Square of the Radius :
Soss the Rettangle of the [aid balf [um, andof the difference of the Bafe

there from,T o theSqnaye of the T angent of an angle Which donbled i
she Complement of the angle [onght e 180", Or the Complement of

this angle dowbledss the angle [omght.
T'o Operate the former Proportion by the Tables

£rom the half Sum of the three Sides fubitrac each Side feverally
then from the Sum of the Logarichmes of the Square of the Radius
(which in Logarithms is the Radius doubled) and of the differences.
of the Sides containing the angle fought.

Subftra@ the Snm of the Logarithms of the half fom of the three
fides, and of the difference of the Bafe therefrom the half of the
remainder is the Logarithm of the Tangent of half the angle foughe:

[t _ 270 gro. |
Example. ;

In the Triangle: A B C let the three fides be given to find the
Obtufe angle at C. : given to
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Differences from the half fum.

B C 11261 — Y : 2, 0043214.
AC :9451“?33“——166&. : — 2, 3278867
AB 270 Bafcﬂ—-zssLagarithms - —— e ——

| 1, 3979400 Sum with 24,2322081

Sam §90 double Radius
half fuam 295 2, 4698220
- S 1 8677620
3,8677620 i
- 20,36444061
Tangent of 56 41" which doubled 10,1822230
is 113 22'the angle fought half

For the 24 Proportion for finding an Angle theOperat on varies;
to the former fum-add the double Radins , and from the Aggregate
fubftra& the latter fum, the half of the Relique is the Logarithm of
the Cotangent of half the Angle fought.

23, 8677620
4, 2322081

19, 6355539 , :
9 8177769 Taqgentuf:;d 19" the Complement where-

of is 56 41" which doubled makes 11332

as before
T'he Tables bere made ufe of are Mr. Gellibrands.

Tt may be alfo found in Sines.

"As the R eftangle of the Cmrnim;ng Sides or Leggs,
1s 0 the Square of the Radins ;
So the Retlangle of thedifferences of the faid Leggs Wfrom half Snm

of the three Sides,
To the Square of the Sine of balf the Angle fonght.

*Or," We may find the Square of the Cofine of half’
the Angle fought by this Proportion..

A
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As the Retlangle of the containing Sides,

Is tothe Square of the Radins :

Sotbe Rellangleof the balf fum of ihe three Siles, and of the difference
of the Bafe there from,

* Tothe Square of the Cofine of half the Angle [onght, viz. To the
Square of the Sine of [nch an » 41k ,as being donbled ss the Comples
ment of the Angle fought 10 180", or the Complement of the fonund
eArk donbledss the angle fough.

e e e . = 1
T e T « oy

All thefe Proportions hold.alfodin Spherical Trianglesif inftead
of the bare names of Sides you fay the Sines of thofe Sides,and
this Cafe may alfo be refolved by a Perpendiculac let-fall ;
but the Reader need not trouble himfelf with name nor thing.
in no Cafe of Plain or Sphcerical Triangles , but when two of

) the given Sides or Angles are equal.

| If the Square of the Radius and the Square of the Sine of an Ark

be both divided by Radius the Quotients will be the Radius, and

the half Verfed Sine of twice that Arch , and in the fame Proporti-
on that the two tearms propounded, as will afterwards be fhewed,
upon this Confideration may any of thefe Compound Proportions
be reduced to fingle Tearms for Inftrumental Operations, by pla-
cing the two Tearms of the firk Re&angle, astwo Divifors in two
fingle Rules of three, and the tearms of the other Re&angle as

N middle cearms.

._._ =
p it

& . %

S S S

An Example in that Proportion for finding an Angle in
" the Sinés;
eAs one of the Leggs or including Sides,
Is to the difference theveof from the half [wm of the three Si‘es:
So  the Difference of the other Legg therefrom, .

Toa fourth Number, 3 "

Asthe other Legg, Tothat fourth Number : ‘
So is the R adsins, To the balf Verfed Sine of the Angle [onght 3
And [ois the Diameter or Verfed Sine of 1804 Or Sevans ¢ 60d T
the Verfed Sine of the Angle (onghs. A ! i
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Andupon this Conlideration,, that the fourth Tearm in every di-

" re& Proportion bears fuch Proportion te the firft Tearm , as the
Re@angle or Produd of the two middle Tearms doth to the Square
of the firht Tearm, as may be demonftrated from 1 Prop. 6. Euclid.

_We may place the Radius or Diamerer in che firft place of the firft
Proportion, and @ill have the half or the whole Verfed Sine in the
laft placeas before, therefore

. Asthe Radius; Tooneof the given Leggs :

Sotheother given Legg , Toa fourth Namber , which will bear
fach Proportion to the Radius , as the Re&angle of the two given
Leggs doth to the Square of the Radius, then it holds,

As that fonreh number, Ts the Radius :

Sothe Relang le of the difference of one of tie Leggs from.the balf
[um of the three fides 5 To the Squareof the Sine of balf the
Angle fought, and omitting the Raidius, ic will hold;

Aj that fourth Nwmbery Tothe differences of the Leggs from the
Leggs fromthe balf [um of the three Sides s So 1s the difference
of the other Legg therefrom 5 To the balf Ver[ed Sine of the An-

gfﬁ‘ﬁiﬂgiﬁh

And if the Diameter had beenin the firft place, then would the
whole Verfed:Sine have been in the laft.

This Cafe when 3 Sidesare given tofind an Angleis commonly -
refolved by a Perpendicular lec-fall, it (hall be only fuppofed and .
the.Cannoa will hold,

As the Bafe or greater Side,

To the [um of the other Sides s .

8o is the differesce of the other Sides, '

- Toafourth Number, which taken out of the Bale, half the remain-
der isthe leffer Segment , and the faid half added to this fourth:
Number is the greater Segment.

Again
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Again.

As the greater of theother Sides, To Radinst
So & the greater Segment,
T o the Cofinz of the Angle adjacent thereto,

Or
As thelef[er of the o:her Sides, To Radius:
8o s the leffer Segment,
To the Cofine of irs adjacent Angle:

This for eicher of the Angles adjacent to the Bafe or greateft{ide
but for the angle oppofite to the greateft fide, which may be fome-
times Obrufe, fometimes Acute ; not to multiply Directions, the
Reader is remitted to the former Cannons, or to find both the An-
gles at the Bafe firft , and by confequence thethird angle s alfo g
ven, being the refidue of the fum of the former from a Semi-
circle.

Inright avgled Spherical Triangles

By the affe@ion of the Angles to know the Affection of
the Hipotenufal, and the Converfe.

If one of the angles ar the A Quadrant.
Hipotenofal be a right angle(_ The l-lipmte:m.:mzﬂl>
1f both be of the fame kind, ¢ —will be— Clefler ¢ thena
If of a different kind, o —eu ) greaterS Quadr.

Fythe Hipssennfal to find the affeltion of the Leggs , wand
the Converfe.

If the Hipote: one of the Legs wil be aQuadrant:
nufal be ‘The Leggs , and their Oppofite
Lefs then — SA Quadrant >Angles wil be lefs then Quadrant:
One Legg will be greater, & th

Greater,— other lefs then the Quadrant:

T he
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“The Leggsof a l‘ig.br'hngfm' Spharical Triangle are of the fame
Affettion assbrir Oppofice Anglzs and the (onverfe : -

a Quadrant anppnﬁtt a Quadr.
If aLegg »lefs }thm a8 Lehe Anglel.thereto JAcute
be greater § Quadran, willbe /Obrufe.

All thefe Affe@ions 'are Demonftraréd in Sseliss ; 1 hall add
fome more fiom Cluviws de Astrolabio, andthe Lord Nepasr.

The three Sides of every Spheecical Triangle are lefs then a
Whole Circle.

: Acure :
In an:Oblique angular Triangle , If two S Angles be
Obtufe
lefTer
-equal the Sides oppofise co them thall be then Quadrants.

_ . greatec\ Reg,10..11,4
If an Oblique angular Triangle, Acute Angles be
‘ WIWo s> -Obtufe § unequal
the fide oppofite leffer }fhall leffer ? then a Quadrant
to the. ———pgreater { be grearer} Reg. 12,13, 4.
An Acute angular Triangle hath all its Angles Acute,and each fide
lefs thien a Quadrant.
Two fides of any Spherical Triangle are greater then the chird,
Ifa Spheeical Triangle be both right angled and Quadrantal,
the fides thereofare eqoal to their Oppofite Angles.
- IFit hach three righe Angles, the three fides of it are Quadrants,
Ifit hav'f;mnriggt Angles , thetwo fides {ubteading them are
Quadrants and the contrary, and if it have one right angle, and one
fide a Quadrant,it hath rwo right angles,and two Quadrental fides,

Any fide of a Sphaerical Triangle being continued , if the other
fides together '

are cqual to A Semicircle Cequalto the inward
lefler } the outward Jlefler {hen oppofit an-
greater S angle wil be /areater } glcofthe
{ide continued. I I

o D L T R e L ST




58 Affections’of Spharical Triangles..
1fany Sphcerical Triangle have two Sides equal to

el g e

micircle, the two angllﬁ at the Bafe or third Side will be
equal to ©

Jefler } thm%twu.right Angles,

greali [

 In every right angled, Spherical Triangle having no Quadrantal
Side, theangle Oppofite to that Side thatis lefs thena Quadrant is-
Acute, and greater then the faid Side ;

4| But that angle which is Oppofite to the Side, that is greater then
B a Quadrant, is Obtufe; and lefs then the faid Side.

y 1n every righe;angled Spherical Triangle all the three angles are
lefs then 4 right angles, that isthe two Obl'que angles are-lefsthen
: 3 right angles, or 270°%

J Inarightangled cquicrural Triangle , if the two equal angles be

‘ Acute, either of them will be greater then 454, butif Obtufe lefs,
then 135%

In every right angled Spheerical, Triangle either of the Oblique
angles is greater then the Complement of theother, butlefs then
the difference of the fame Complement from a Semicircle. .

Two angles of any Spheerical Triangle are greater then the diffe-
b rence between the third angle anda Semicircle, and ctherefore any
fidé being continued , the outward angle is lefs then thetwo inward
oppofite angless _ Y

The fumof the three ‘Angles of a Spheesical Triangle is greater
then two right angles, but lefs then 6.

In Spherical Triangles, that angle which ofall the reft is neareft in
quantity to a Quadrant, and the fide fubtending ic are doubcful,
Whether they be of the fame, or of a different affe@ien, ualefs fore.
known or found by Calculation ;. .

But the other two more Oblique angles are each of them of the
fame kind as cheir Oppofite Sides, which Mr 2N erwued thus pro-
pounds, Two Anglesof & Spherical Triangle, foall be of the [anse afs
fection as their Oppojite Sides, and to this purpofe, ' '

. §fany Side of a Triangle be nearer ro a Quadrant then its oppo-
fice'Angle, two Angles of that Triangle ¢ nocuniverfally any tE{: )

| |
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fhall be of the fame kind, and the third greater then a Quadrant.
Butifany Angleof a Triangle be nearcr toa Quadrant then its

oppofite fide, two Sides of that Triangle (not univerfally any two)

(hall be of the fame kind, and the third lefs then a Quadrant. -

Tnany Spheerical Triangle, if one of theangles be {ubftradted
from a Semiciccle, and the refidue fo found fubftralted from a
Whole Circle, the Ark:found by this latter Subftraction, will be
greater then the Sum of the other two Angles.

In every Spheerical Triangle the difference between the fum of
two angles howfoever taken, anda whole Circle or 4 right angles
is grearer thenthe difference between the other Angle 3“4‘ Semi-
circle ; The demonftration of moftof thefe Affe@ions are in Cla=
wins his Comment on T beodofius , OF ‘in his Beok .de Aftrolabio
where fhewing how to proje in Planoall the Cafes of Spheerical
Triangles, and fo to meafure the fides and Angles, he delivers thefe
Theorems to prevent fuch Fidtitious Triangles as cannot exift in the

Sphere, 41 50 TR
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Th'e_ro’ C&Eé of right.ﬁﬁ led Sphoerba
v.eal Friangles, Tranflated from (;/a-
il i i -'.-fufm; de M/{mfdﬁfa;,i: g Ty

th v g “y, T find an eAngle.

| i ' F‘.."'Gﬁ-'&n the'fﬁpoicnnfﬁlf];g {ide oppofite tothe Angle
il As'the Sineof the Hipotemufal, To R adins: So sho Sineof the givenfide

" Tathe Sine of the Angle fonght. )
Or, 43 Radins, Tofineof :Lg; Hipotennfal s Sothe Cofecantof she
: “fde, Te e Coftcant'of the Amples -+ 20 = Lo L3S 0000, :
1 o493 Radins, To fine of the fide : So Cofecantof the Hiporenufghy Ta
i fine of the angle. :
As Cofecant of the fide, To R adius: SoCefecant of the Hiporenufal,
70 Cofecant of the angle.
As Cofecant Hipotennfal, To Radius: So Cofecant of the fide, To (o-
fecant of the angle.
e At the Sine of the fite to Radins : 80 fine of she Hipotenufal, To Cofe-.
cant of the Angle.
The Angle found will be Acute if the Side given be lefs then.
a Quadrant, Obtafe if greater. 5

il“L 2. Tofindan Angle.
(ki | +]"T Given the Hipotenufal and fide adjacent to the Angle.

i 1 As Radins, To Corangent Hiporennfal : So tangent of the fide, To.
il Cofine of the angle.
As tangent Hipotenufal, To Radius, Sotangent of the Side. To Co-

[ine of the angle.
As the Cotangent of the fide, To Radius: So Cotangent Hipotennfe,

T o.Cofine of the angle.
Zo.Cofs g : ai
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oA Radins, To Cotangent fide = Sotangent Hipotenufa, To Secani of
the angle. .

As Cotangemt Hiporenufal : To Radins i So Cotangent fide, To Secant
of the angle. .

eAs the tangent of the fide, To Radins . Se tangent Hipor: To Secant
of the angle. -

The Angle found will be Acnce, if both the Hipotenufal and the gi-
ven fide be greater, or lefs then a Quadrant, bur Obtufeif ane 6f
thern be greater, and the other lefs,

3« To find aw Angle.

Given the Hipotenufal, and either of the Oblique Angles
Axsrhe Radins, To Cofine Hip: :2 So Tangent of © Torbe Cotang of
: the givew angle  [ought angle
Asthe Cotangent of : To Radins i So Cofine of: Tothe Cotang of the
the given angle AT the Hips:  fought angle.

Asthe Cofine of the Hipet: To Radius :: So Catang: of : Tothe tang.of

SLp 1A sl the given angle  the ang:foughe
Asthe Radins, TaSecam Hip: =z So (otangent of : Tothe tang of the

: LUl the giuen axgle angle [ought
eAs Secant of the s To Radins :: Sothe tangent of : To the Coran: of

Hipotensfal the angle gives  the angle fought
Avibe rangent of : T Radishs s> So Secameof the : Totangent of the
the given angle : Hipotennfal axgle foughr.

The angle found will be Acute , if the Hipotenufal be lefs thena
Qitadrant and the given angle Acuge ; ar if the Hipotenufal be grea-
ter then a Quadrant, and thegiven angle Qbtule ; And the faid an-
gle will be Obtufe; if the Hipotenufal be lefs thena Qiadrant, and
the givemangle: Obiufe; Orif the Hipotenufal be greater thena
Quadrant, and the given angle Acute,

. ode Tefirdan Angle.

Given the Side o p_pnﬁre to the Angle fought, and the other
¢ ndy 2l ad cav) Obhqu: ﬂnﬂkt
A




62 Cales of Spharical Triangles,
As the Radius + To fine of the angle ;2 Soisthe Cofiné : T the Coftmeof
. , given of the given fide  the angle foughe
As the Radins: To Cofecant of the :: 8¢ Secant of the : To Secant of the.

i - en ﬂﬂgfﬁ‘ ﬁarc gi-ym ,;mg,fg ﬁ:-ugb;,
1l Asthe fine of the s To Radins :: So the Secant of : To the Secant of
ri [1‘{ wen angle tke given fide theangle
PR AstheCofine of the : To Radins 1+ So the Cofecant of : T the Secantof
,;1 o given [iie the given angle the avgle fought
ol As the Cofecant of : To Radius: So Cofine afgtﬁ::: To the Cofine of the
) { the given angle given ﬁde ,g,,g{,, ﬁ#g;,,
34 As the Secant of the : To Radins 12 So fine of the : To the Cofine of the
L given fide given angle angle fonght

The angle found will be Acute , if the fide given be lefs thena
Quadrant, Obtufe if greater.

s 5. Tofindan Angles

Given a fide adjacent to the angle fought, and the other Obl que
angle, if it be foreknown whether theangle fought be Acute or
Obrufe, or whether the Bafe or other fide not given be greater,

or lefler then a Quadrant.

( As the Cofine of the : T'o Radins :: So Cofine of the : Tothe fine of 'the
i given fide iven angle angle fonght .
i ! e A5 the Radins 2 To Secans of the :3 So (ofineof the : To Sine of the
‘r', given fide givew angle angle foughe
S As the Radius = To Secant of the st So Cofine of the: To Cofecant of
i | given angle given fide. [onghe angle
A+ the Cofine of the . To Radins :: So Cofine of + To the Cofecant of
_J Eg:‘wm angle the given fide * . the-angle foughe
g As the Secant of : To Radinus : : Sots the Secant : Tothe Cofecant of the
U the given fide of the given angle angle [onght
i As the Sccant of the : To Radins s+ 8o s the Secant : To the Sine of the
it given angle of the given fide  angle foughs

: The angle found will be Acuate , if the fide not giveﬁ bt lefs then a
J Quadrant, Obtufe if greater.

In
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Jrilike manner if the Hipotenufal be lefs then a Quadrant, and the
given angle Acute; Or if the Hipotenufal be greater thena Qua-
drant, and the given angle Obtufe; the angle found will be Acute.

But if the Hipotenufal be Jefs then a Quadrant, and the given an-
gle Obtofe, orif the Hipotenufal be greater thena Quadrant , and
the given angle Acute, the angle found will be Obtufe,

6s To findan eAngle.
Givenboththe Leggs.

As Radins: To fine of the fide:: So (orang of the: To Curangof
adjacent tofosught fidz oppefite tothe th: angle

angle argle [onght Jonghe

As the fine of the fide : To Radins:: Sothe tangertof s To the tang:

adjacent 10 [onght the fide oppofite to  of the angle
angle the foughs angle . [ought

As the Tangent of the : To Radins :: Sothe fine of the: To Cotang:

[fide oppofite to foughe Jfide adjacent 1o she  of the angle

angle fought angle foughe

Asthe Radins : To Cofecant of the :: Sothe tangent of : To the targ:
fide adjacent to the fide oppefi e. . of theargle

fonght angle thereto [onght
As the Cofecant of the: To Radiss :: Soisthe Corang of : To (otang:
fide adjacent to the the fide oppofite to  of the [ought
angle foughe - theangle fought angle
Avthe Cosangent fide : To Radsus :: So Cofecant of the : Tothe tang:
o prfite tothe [ought fide adjacestto the of the angle
angle angle fought Jought

The Angle found will be Acute, ifthe fide oppofite to the angle
‘fought be lefs then a Qgadrant,but Obtufe if greater.

7, Tofind a Side or Legg.
Given the Hipotenufal and the other Legg.
eAs the Cofine of the : To Radsus :: So Cofine of the : T o Cofine of the
given fide Hipotennfal  fide [onght

As Radims & To Secant of the :2 So (ofine of the : To (o'ine of ihe frde -
fide Hipotennfal [oughe A
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As Cofiny Hipotennfals To Radins :: .50 Cofine <f the + To Secantof

given fide the [ide fonght

As Radins: To Secant of the :: So Cofine of the : Te Secant of the ﬁa'a
Hipotennfal  given fide [enght

oA the Secant of the: To Radins =: So Secart of the : To Cofine ef the

I E Hipotennful given fide fide fongh
1 i As the.Secant of s To Rad us i+ So Secant of the: To the Sccant of
g the given fide Hipoternfal the fide fonght

The fide fought will be lefs then a Quadrant , if boththe Hipote-
nafal and given fides be lefs then Qnadrants,but greacer then a Qua-
drant if either che Hipotenufal be greater, and the.given fide lefs , Oc¢

if the Hipotenufal b lefs, and the given fide greater

3: Tﬂﬁﬂdﬁ .Sl-dfn.

Given the Hipotenufal, and an Angle oppofite to the fide
fought.
As the Radins » To [ine of tes :: So fine of the : Tothe fine of the
Hipotesnfal given angle fide fonghs
Ay Ratins : To Cofecant of the s So ehe Cofecant of : To Cofecant of
Hipotenufal the givew angle  the [i ‘e fought
As the fine of the 2 To Radins :: So Cofecant l?j? she : To Cofecant of
Hipotennfal given angle the fide fonght
A he (of cant of . ToRadins iz S0 the fine of the: Tothe fine of
the given angle Hiporensfal tire Jide fong bt
As the fine of the 1 To Radins iz So the Cofecant of s Tetbe Cofecant of
given angle * phe Hipotexn/al  the filefonght

The fide found will be lefsthena Quédrant, ifthe Angle oppo-
fire thereto be Acute, but greater if Obtufe.

9, Tﬂﬁndﬂ Side.

Given the Hipotenufal and Angle adjacent o the Side fought

As the Rad #hs : To Cafine ofrhe . So tangent of the : Tothe fm_gmr-ﬂf
given angle Hiporenafal Jide fonghe.

L As
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Arthe Cofine of the + To _nam 87 (otavy b of & T Citang of he

13;-9!*&133& o R} R YiBe h'fpﬂrm#fdf ﬁfaﬂn‘_‘:‘ﬁg A3
As the (otangent of : To Radin =2 8o the Cofine of : Zopanyint of the
Hipotemufal L ke givenapgle U, efonghr'”
eAs the Redins ¥ To' Seéant'of i3 §0C otangent of « T9 Cotang of the
"8 theangle the Hipotenafal ™ 3¢ fierhs

Asthe Secant &ﬁtﬁﬁ-ﬁ'}ﬁi&f& SR targint afheH 29 thY tangent vf
'ﬁﬁﬁﬂngff ' : "‘ B ‘: H;’pau’mﬁ!“ 710G "ﬁ:eﬁdéﬁﬂgﬁn}
As the tangent of + ' To Egﬁsﬁpﬁ',:: So'Secantof thet T Coardng: of ‘the

‘the Hiporenufal L G angle fide fosghit

“The Side fought will be'tefs thea Quadrant ; if 'tii".e Hipbteiib-
fal be lefs thena Quadrant, and the given angle Acutet “Or i ' the
Hipotenufal be greater thes a Quadrant , and the given angle Ob-
tufe ; Bucit will be greaterthen a Qaadrart , if che Hipotenufal
belefschena Qaadrant, and the given angle Obtafe : Or if the
Hipotentifal be greater then & 'Quadrant’; and the’ given ahgle
Acnte.
: 16 To'find'n Side,
Givena Side, andan Anglé adjacent to the fouphe ik,

Provided it be foreknown whether thefide fought b tedter or

lefs then a Quddrant,or whether the other angle not given'be Aente

orObtafe } or*finally Whetker ‘the Hipotenufaf*be gredter ‘or lefs

thena Quadrant.
.ffnﬁ'#g:ﬁ'm : To'the .Camngf;:r"uﬁ 180 tangent of the: To 1he Sine of

- thegiden angle * ¢ giovnfide * 0 the Jfide fosghe-

A:'i&i#ﬁgfh}‘rfrbf: To"R glllae:: Sorangent of the > To'the fre'ef

‘giﬂqﬂ_d.‘gf{ SRS e gadiemfide. phe fide f[iugit
s Asthe Cotavy of she ' T Rildliny :# f"ﬂ the Cotang of : ' To the fine oft
Ziven fide St § e givenorgle 7 thi fide fonghe

As Rading : Te Cotangent of the | So tangent of the : To Cofecant of
given fide>* o ahele the fide fonght

Asthe sangent of : T Radins :; So tangent aﬁ' thes T othe Cofecant of
the given fide 7 00 "-*‘PZHF&nﬁF R fide fonght
K
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.66 Caﬁ: of Spharical Triangles,

Asthe Cotangent of : To Radins iz So (otang of : To the Caﬁunt'
the givem angle the given fide  of the fide [onghe

The Side found will be lefs then a Quadrant , if the angle oppofite
thereto and not given be Acute , but greater ifit be Obtufe; In
like manner it will be lefs, if the Hipotenufal be lefs then a Qua-
drant, and the fide given al(o lefs then a Quadrant ;

Or if the Hipotenufal be lefs then a Quadrant, and the
given fide greater, the fide found will be greater then a Quadrant;
Laftly, if both the Hipotenufal, and the fide given be greater then
a uadrant , the fide found will be lefs then a Quadrant ; but
greaterif the Hipotenufal be greater then a Quadrant , and the
given fide lefs,

11, To find a Side.
Given a Side, and an Angle oppofite to the Side foughe
* As Radins : To fine given fide ;2 Sorangens given; T o tangent of the

angle - fid fonght
Asthe fine of the : To Radius 12 So Cotangent of : To Cotangent of
given [ile the givenargle the [ide [owghe
As the Cotangens of : To R adins :: So fine of the : To the sangens of
the given angle i given fide the fide [onght
As the s.angens of the: To Radins :2 8o Cofecant of ;: To Cotangent of
given 4#3!1 " the giwmﬁd: the ﬁa’:fa#gh

As the Radins : To Cofecant of the :: So Cotang of s To Cotangent of

gives fide the given angle the filefought
As the Cofecant of : To Radns :3 So ta-gent n_fgtb: s Totangens of
she givenfide givenangle - vhe fide foughs

The fide found will be lefs chen a Quadrant, if the given'Angle ops
pofite thereto be Acute, but greater if Obtafe. -

12, Tofinda Side.
Given both the _Ohliqﬁu Angles. i
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‘A1 the fine of the : Irzo Radiws i: S8 Cofire of the : To Cofine.of the

angle adjacent to angle oppefi e 80 fide [oughe
fide fonght ' tde fonght

As the Radins : To Secang of the :z Se fine of the angle: To Secant
engleoppofitero  adjacent so the [id? of the fide
fide fonght foughe .. . Jfoughe

" As Radins : ToCofacansrof the :: So Cofpno of the: To Cafine of the

angle adjacent o angle oppofitero  [ide foughe

fide [oughs fide fomgot |

‘A3 the Cofine of the : To Radins :: So fi+8 of she argle: To Secant of

angle oppofite to adjacent tothe  the [ide fought
fide fonght’ fide [onght

'As the Secant of + To Radius s So Cofecant of the: To Cofine of

the angle oppofite: (angle adjacent to . the [ide foughs

to fide [onght - the fide fonghs ;

oA Cofecant of the : To Radius iz So Secan tof the: To Sccant of

angle adjacent 1o angle oppofite 10 she fide fomghs
fide fonsght fi ‘e fought

The fide found will be lefs thena Quadrant, if the given angle
Oppofite thereto be Acute, but greater if Obrufe,

13. To find the Hipotennfal,
Given a fide and au Angle adjacent thereto.

As the Radiss : To Cofine of the :.Se Cotangen of the: To Cotang of

iven angle givenfie the Hipotennfal

A5 the Cofine of the: To Radius :: Sotangent of the : Totangent of
. given angle - given fide the Hipotenufal
As the tangent of + To Radins :: So Cofine yiven . To Cotangent of
the given [ide anle the Hipotennfal
As Radius : “To Secant of the :: So tangens of the ; To the tangent of
| given angle given fide the El'ipotenufal
eAs the Secant of the: To Radins i Se Cotang of : To the Cotang of
given angle given fide. the Hipoternfal
eAs the Cotangent of : To Radins i3 So Secans of the = Totangent of
grven [ide givenangle  the Hiposennfal

K2 The

L |
|
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The Hipotenufal found witlibe 1éfs ‘thena Quaadrant:, if the given
fide be lefs then'a ©uadrant, and the angle givenadjacent there-
to Acute; Asalfoifthe given fide be greater thena Quadrane,
and the given 2ngle adjacent thereto be Obtufe. .

‘But'it will be greater then'a Quadrant , if the piven fide bEErEﬂtEr
then a Quadrant, and'the given Angle,adjacent thereto Acute ;

" As alfo when the given fide 1s lefs then a2 Quadeant ; and the gi-
ven Argle Obrafe, T

14, To find the Hipotensufal
Given a Side; and an angle Oppofite thereto. .

If it be fore- known whether the Hipotenufal be greater-or fefs then
a Quadrant, or whether the other angle mot given be Acute or
Obtufe 5 Or laftly, whecher the other fide not given,be greater
or lefs then a Quadrant.

As the [fine af the + To Radiss :: S{ ﬁn: rf the : Tothe ﬁﬂ: of the

given angle given fide “Hipasennfal
A the Radins + To C’rﬁ;.-nr of iz 8o fineof the : Torhe fine of the
angle given given fide Hopotennfal

As Radins 2 To Cofccant given fide i 8o fineof the : To C ofecant of
givenangle  the Hiporennfal
Asthe fine of the v To Radins i $o fineof vhe & To Cofecant of the
given fide given angle  Hipotenufal
As (of eant of . To Radiuss SoCoficantof 2be: . To fine of the
rivin fide given angle Hipotexufal
As Cofecant of the 1 To Radiug :+So the'Cofecant.of » Tio.Calecant of
given angle the given fide the Hipotenufal

T heHipotenufal foeund will be lefs then a Quadrant, - if:-beththe
Oblique Angles be Acute or Obtufe, or if both the fidesbe
greater or lefs then Quadrants.

Ic will' alfo be greater then a ‘Qaadrant, ifone of thé @bl
Augles be Acute, and the other Obtufe, or if one of the fides
be lefs. and the other greacer thena Quadrang-

As
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15. T findsne Hiporensful,

Given both the fides, diftinguithed by the names of ficlt and

fecoud.

5 As Radins: To Cofine 11t :: 8o Cofine 29 fide : To Cofine of the
. fide Hipstenufal
As Radigs: ToSecant 1R fide :: §o Secans 2! fide : To Sceant of the
: Hipotenufal
As Secant 18 fide: To Rudins 22 80 € fine of the 2° : To Cofine Hi=
(idz potensifal
As Secant 2° fide s To Radius 2 So Cofine 1R fide . Ty Cofine of the
i ol ' Hipotennfal
As Cofine 11t fide s To Radins 2 So Secant 2° (ile: To Secant of the

Hipotenafal

As Cofine 2° fide : To Radins; So Secant 1 fide: To the Secant of
tve Hipatennfal

fhg HiﬁntEr;ufaI found will be lefs.then aQuadraat,if both the Sides

are lefs or greater ; But otherwife , it will be greater , ifone be
lefs and the other greater.

16. T find the Hipotenn[al.

Given both the Oblique Ang!es,diﬁinguiiﬁt by the names

of the firft and fecond. |
As Radius : To Cotangent :: So Cotangent : To Cofine of the Hipor: it
' 1 amgle | 2¢ angle : i
As the tangent :To Radins i So Corangeny : To Cefine of  Hipoten: fli
1t gngle 24 angle i
As tangent of : To Radins:: So Cotangent : To ((ofine Hipotensful i
2% angle 11t angle
Asthe Radiss : T tangent ;. Sorangent i To, Secan of the Hipot: o
J { a4 ##fg’f& it aﬁg!: i:,.
AsC otangent . To Radins : 5o rangent 3 To Secane of the Hitoteanf; 4
5l amgfr.? 1t 4,;333 u_i,

As the Corangents To Radins :: So Tangent: To Sccant Hipstennf:
1t gngle 2" angle- The

— i
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The Hipotenufal found will be lefs then a Quadraat, if both the
Obl'que angles be Acute or Obtule, but greater if one of them
be Acute, 2nd the other Obtufe.

1 thall not fpend time to fhew Examples of all thefe Cafes, but
(hall onely inftance in anExample ortwo. Inthe Right angled
gpheerical Triangle PSN , let the fide PN reprefent the Poles
height, the fide S P the Complement of the Suns declination, the
fide S N the Snns Amplitude of rifing from the North Me-
ridian, the AngleS PN the time of Suns rifing from Midnight,and
the angle PS N the angle of the Suns Pofition ; and in it let there
be giventhe fide PN 51 32", and the fideP S the Complement of
the Suns Declination to find the angle S P N the time of the Suns
rifing ; thenin this Cafe there s given the Hipotenufal,and the fide
adjacent to the angle fought to find the faid angle; and this is the
2¢ Cafe, whence the Proportion taken is,

As R adius, To Cotangent of the Hipotennfal : So the Tangent of the
given fide, Tothe Cofine of the amgle fought ; and fo the Propor-

tion to find the time of Suns rifing will be

eds the Radins , Tothe tangent of the Suns declination :

So the tangent of the Latstuae To the Sime of the time of Suns vifing

before 6 in Summer, or after it in Winter, the Complement where-

of s the time of its rifing from Midnight.

Tangent 13¢ Sunsdeclination—— 936336
Tangent 51° 32" the Latitude—1, 009922

i ———

Sine 16' §53° —— ., 946318 the Compl: of which
Arkis73, 6, which converted into time fhews that the Sun -
feth in our Latiude when he hath 13 of North Declinationat 52™
and a balf paf 4 in the morning. fere. :
By the fame Data we may find the Side S N the Suns Am plitude
of rifing o fetting, and this will agree with the 7 * Cafe, for here
is given the Hipotenufal,and one of the Leggs to find the other Leg
the Proportion will be, '
As
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; . “4uss Sothe Cofine of the Hi-
s the Cofine of the given fide: To Rasust 00892 COJLE
:Pa,;-mu,-{d, Tfa t;;egfgﬁﬂf of the fide [ought 5 1DAT1s I this Ca;s, .
Asthe Cofine of the Latitude, To Radins: S04 the Sine of the Suns
Declinazien, To the Sine of his Amplicude from the E aft or West.

E xample, Logme.
Sine 13d +Radisis —1,935208
Sine 38d 28-— 979383
Sine21d 12 — 955825 theComplement wher-
of viz, 68 48" is the fide S N fought , and this Proportion is of
good ufe to obtain the Variation of the Compafs at Sea by the Suns
Coaft of rifing ; More Examples need not be given, the Reader
may try over allthe Cafes by the Calculated Triangle annexed.

Some may fay here are more Proportions then needs, efpecially
feeing there are no Logarithmical Tables of Secants; but Alrerna
amant Camene , they have not hitherto been publifhed in Englifh;
the Infiruments to be treated of will have Secants ; befidesin fome
Cannons there are T ables of the Arithmetical Complements of the
Logarithmical Sines and Cofines, which augmented by Radius, are
the Logarithmical Secants of the Complements of thofe Arksto
which they do belong; and for Inflruments, efpecially Quadrants,
a Proportion having Tangentsor Secants many times cannot be
Operated on the Quadrant without changing the Proportion, by
reafon thofe Scales cannot be wholy broughton, being inﬁr;‘atc;

oW
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Now the chief Grounds for varying P.oportions ; are buift uvpons

few Theorems, 1

1. Thatthe Re&angle or Product of a Tangent , and its Com-
plement is cqual te the Square of the Radius, or whichisall =
one , thatthe Radins isa mean Proportional between the
Tangent of an Arch, and the Tangent of its Complement,
that is, 16

As the Tangent of an eArch To Radins: So Radius ' Totangent of
that Arks Complement,
And by Inverfion,

eds the Cotangen: of an eArch, ToRadins : §¢ Radins'y Totangent
of that Arch, thatis, Asthe 4" tearmto3d , So fecond to firft.

2. That the Radiusisa mu_ain Proportional between the Sine of
an Arch, and the Secant of that Arks Complement.

Thatis, eAsthe Sine of an A"ffr’ﬂ; ToRadius : s is the Radins,
T o Secant of thae Arks Complemeéwe, and she Corverfe.

3. That the Re&angles of all Tangents and their Complements,
being refpe@ively equal to theSquaregfghe Radius, are Re-
ciprocally Proporvionaly Thats, ™~

oA the Tangent of an Archor Angle s Istoshe Tangent of anosher

Archor Angle

S0 i the tangent of the Complemens - Ta the vangens of the Complemti
of the latter cArch of the farmer,” “ -

And by varying the Second, Tearminta che place of che Third,

we may compare the Tangent of on¢’ Atk tothe Cﬁt’aﬁgeﬂ:

: af another. cr DAL s, o - eSS I  w

Astherangentof an: Istothe (opangents i So bsebyt, Agent of this
, Arkor Angle. . of another Ark latrgr Ak’ 0

ekt - To the Corargint of the former

" 4. That e Sines of Arches, "aid'tHe Stcaits Sfrfreir Eompfe.
ments are reciprocally proportional, thatis,

As
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‘A the Sine of an Arch: To the Sime of anather Avel or Angle:
So i the Cofecant of the latser Aych,Tothe Cofecant of the former,

And by changing the 3 and 3 Tearms, a Sine may be com-
pared with a Secant.

Now hence to be dire&ed to vary Proportions, obferve thatif
4 Tearms or Numbers are Proportional,it is not material which of
the two middle Terras be in the fecond or third place; for inftance

. ifil: bC:

A:%;a 43 Sos3t06: Itwillalfohold, As2are3:: 864106,
Secondly, that when 4 Tearms are in diret Proportion, ifa
queftion be put concerning a fifth Tearm not ingredient in the
Proportion, it is not material whether the two former, or the two
latter Tearms be taken: Asif it fhould be demanded ; When 2
yards of Linnen coft 4h. What fhall 8 yards ? Anfwer, 16.

It might as well be faid, If 3 coft 6, Wha: 8 ? Anfwer, 16,

Hence then inany Proportion, if the two firft Tearms be,
a1 the Tangent of an ark, To Radins to bring the Radius into the
firfk place, it may be faid, 4s1he Radins, Is to the Corangent of thas
Ark. becaufe there is the fame Proportion between thele two lat-
ter Tearms, as between two former ; Now in all the former The-
orems, the two latter Tearms confift either of the parts, or of the
Complements of the parts of the two former , whence it will not
be difficult to vary any Proportion propounded.

1. From whence it will follow, that a Propertion wholly in
Tangents may be changed into their Complements
without altering the Order of the Tea-ms,
and the Converfe.
1fit were As Tangest 10 ,T 6 tang 20 : Sotang 52' Totan69 15’
It would alfo be, 4s tang 804,70 san 70':80 tan 38" T o tan 30° 45’

2.+That if the two latter Tearms of any Proportion being
Tangents are only changed into their Complements, it
infers a Tranfportation of the firft Tearm into
the fecond place.
That is in the firft Exerople, 45 Tang 30", ToTangest 10’ :

S0 Tangens 38", To Tangen: 20 45’
L "3, That
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. 3. Thatif the two tormer Tearms of: a Pioportion being:
Tangents are changed into theit Complements; it «
likewife infers a changing of :he'third Tearm
: into the place of che fourth.
And then if the fouith Tearm be fooght, it will hold,

As the fecond Tearm, To1he firft: Sois the thivd Tearmas ar el

- propounded to the fourth. |

Inthe hrlk Example, a tangent 0% 1o tasgent 804z Sorang 52
totang 643157, v

4 Thata Proportion wholly in Secants may be changed-
intoa Preportion whollyin Sines, withoutalrering
the O:der of the places, only by taking their:
Complementssand the Conver.e.
If it were, i
As.Secant of 80 To Secant 70" 12 So Secant 60" To Secant 10!
It would alfo hold in S nes,.

As the Sine 10 10 Simei20' ;1,80 the Sine of 3cd To Stne 8“{3'_"'

5. That if the two latter Tearms being Szcants (hon'd be chang--
ed into Sines, and the Converfe, if they were Sines to be
turred into Secants, it- will be done oniy, by taking theip
Compicments, . but then muft the fecond and firft
I earms change-places ore with anocher;

If the Pro -ortion were, As Sine 12" to Sin- 42 1t Sossehe Secant -
0f 36' to Secant of 75" 267,

Itwould alfo hold, s Sineq2"t0 Sixe 12':: So Sine of 54" tothe
Sineof 14,34, ._ w3l ud-obls & 31

6. That if the two former Tearms of a Proporzion in Secants,
fhould be changed into Sinesand theionverfe;this would in-
fer achanging of the fourth Term of that P oportion into
the place of the Third : But the chird Tearm not beiog that
whech is foughe: The Rule to do it; would be to tmagne the

two firft Tearms to change places, and then to take thewr:
Complements.
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1f the Proportionwere, 41 Secant of 39dto Secart of 75 26’
S04 the Sime of 12" to'the Sine of 42 ;

It would alfo hold, As Sine 14° 347,10 Sine of 52°.
So % the Simeof 12°, o the Sine of 424,

7 Two Tearms whether the former or latter in ‘any Proportion
- .. being as 8 Sine to a Tangent, -may be varied.

‘For, eAsthe Tanyent of an Arch, Tothe Sine of ansther Arch
S0 15 the Cofecant of the latter Areh,
T o the Cotangcnt of the former. .
And by tranfpofing the.Order of the Tearm.
AsaSine, Toa T angent : o 4
Sothe Cotangent of the latrer Arch,
T o the Coftc nt of the former.
This will be afterwards ufed in working Proportions on the In-
ftrument, and three Inftances fhail be given of it.

8. Laftly, Obfervethat if 4 Tearms or Numbers are Propor-
tional, their Order may be fo tranfpofed, that each of
. -thofe Tearms may be the laft in Proportion; and (0 of any
4 Proportional Tearms, if chere be given,the other chac is
anknown may be found, Thus, _
As firft so fecond sz So thirdto fourth,
As [econd to the firft iz Sothe fourth to the third :
Asthe third tothe fourth:, Soske firft to the fecond.
As the fourth, Tothe third:: Sothe fecond, To the firft,

L 2 Cafes
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i Wo Sides together lefs then a Semicircle with the Angle
comprehended given to find oné of the other Angles.

At two Operations they may be both found by a Preportion de-

monftrated in the late Trigonometry of the Learned Mr Onghered.

e s the Sine of half the fum of the fides,

T o Cotangent of half the conrained angle :

So the fint of half the difference of the fides,

Do the Tangent of balf the difference of the other angles.

Again,
e the Cofine of half the fum of the fides,
T'o Cotangent of half the contained angle :
So the Cofine of Lalf the difference of the fides,
To the Tangent of kalf the fum of the other amgless 2l .g

Add the half d flzrence ro the half fum,and you have the greater
Angle ; but fubftra&ed from it,and there remains the leffer angle.

Ifthe fum of the two given Sides exceeds a Semicitcle | (the Op-
pofite Triangle muft be refolved inftead of that propounded.

Fere note that evey Spheerical Triangle hath oppofite to each

_angular Point,another Triangle having the fide chat fubtends
tlie faid Angle common to both, and the angle oppofite
therete equal, the other parts of it are the Complements of
the feveral parts of the former to a Semicircle.

8o if in the Triangle B C D there were given the fides B C, and
€ D withtheir contained Angle BCDto find the Angle CBDr
becanfe thefe two fides are greater then a Semicircle, refolve the
oppofite Triangle C A D, in which there will be given C A, which
may be the Complement of the Latitude 38'287, and CDthe

Comple-
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Complement of the Altitude 83° with theangle A C D, the Suns
Azimeth from the North 73" to find the angle CA D the hous
from Noon,

CA 38': 2% % :
CD 83: oo S’d“’;
121 : 28/ fum
€0 : 44 half fum Logarichms Logarith :

44: 32 difference
22 : 16difference, Sine 957854 Coline—096634
36: 30 balt the Angle "
53 : 30 Complement,Tang: 1013079 Idem—1013079
1970933 2009743
Sine of 60! 447 half fum 994069 Cofine 968919
Fang: of 30" 24/} —— 97686 4tan 68'39’ 1040794
Sum ©9: 3 hour, in Time 36’ before 6 in the morning,

or as much after it in the afternoon,

difference 38" 15/ Angle of © pofition.

3, TWo Angles rogether lefs then a Semicircle with the fide
bexeen them alias,the Interjacen: fide, To find one of
the other ﬁir.r.
This is but the Converfe of the former to be performed agwu
pe:
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Operations to get them boch; ‘and the Proportion thence -applyed -
by changing the fides into Angles. oY

As the Sine of the balf [um of the angles,
Tothe Sine of half their difference ;

So is the T angent of balf the in'erjacent fide,
Tohe Ta-gent of balf the difference of the etker [ des.

| Apgain.
Asth: Cofineof the balf f1m of the anles,
Tothe Tangent of half 1he j-p viccent fide s
So the Cofine of balf 1heir difference,
Lo the 1 angent of the kalf fium of the orher fildes.

If half the difference of the fides be added to balfthe fom of the
fides, it makesche greater fide ; buc fubfrated from ity leaves the
lefTer. . =

I the Sam of the two given Angles exceeds a Sceicircle, then a5~
in the former Calfe, refolve the @ppofite Triangle.

1
¥
b

B e o

T

T

=
-

So inthe Triangle Z P @ if there were given the angle © ZP,
the Suns Azimuth from the North 634 547, and the hovr from Z P
( 105 " intime § in the morning or 7in the evening, :nd'the Com-
p'ement of the Lacitude Z P 38! 28, to findche Complement of
the Altitude Z © 80! 31, or the Complement of the Declhnation
@ P66 29/two Operations finds both,and neither wich ltf; |

ngle
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Angle ZP c—103", oo' ° Example.
PZO——63: 54 ’

difference——— 41" ¢/
bafdifference—-— 20:33 Sine—954533 Cofine 997144
balf thefide ZP—19: 14 Tanp— 9542683 Idim 974268

Cum of the fides— 168:54 1908801 1051412
balf fom ——— 84: 17 Sine— 999796 Coline 898549
Tange.t——7 : 1/ . 900305 t2 73330/ 1052863
QSIS O o =

Sum: ——— 80 .31, the greater {ide Z ©

Diffcrcnce — ¢ 6- 29 . the lefler fide @ P

3: Two ides wth an Argle oppofite to one of them given,
To find the Ancle oppefiie to the other, izs-Affe®ion being
fore-kaown.

~ Aithe Sisie o the fide oppufice to the angle given
Is to the S.ne of its Oppofit: angle
So 4 the fine of the fide oppfite 10.the angle fought, .
Tothe fine of ses oppofics angle.

Here note, that the farme Sine is common to an Arch, and toits
.Complement to 180", if the Apgle fought be foreknown to
be Ob:ufe, fubltract the Arch found from 180 and there re-
mains the angle foughr,

Example.

So in the former Triangle, ifthere were given the fide o P 66°
29/ the Complement of the Declination with its oppofite angle
PZG 63'547, theSuns Azimuth from the North, and the fide
Z @, the Complement of the @ Altitude 8o 31/,the Angle ZP ©
the hour from NMoon would be found to be 105 .

Sine
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Sine 63" 54— 995329
80 31— 999403
1994731
Sine66' 19/- — 9996234
Sine 7§ '~ ——— 998497 : :
The Complement of 75 ' is the angle fought, being 1059,and fo
much is the hour from Noon,

In fome Cafes the AffeCtion of the angle fomght cannct be detera
mined from Yobat is given
Such Cafes are,

Whea the given Angleis Acute, and the oppofite Side lefs then
a Quadrant , and the adjacent or other Side greater then the op-
pofize Side, and its Complement to a Semicircle alfo greater then
the o pofite Side.

Alfo when the given Angleis Obtufe, and the oppofite Side
greater thena Quadrant, and alfo greater then the other fide,
and greater then the Complement of the faid other Side to a Se-
micircle.

In all other Cafes the Affeion of the Angle fought may be de-
termined from what is given ; in thefe it cannot without the help
of thethird fide (or fomething elfe given)

Where Calfes are thus doubtful , there can be but a double an-
fwer, and both true; wherefore find the Acute Angle and its
Complement to 180 and the like anfwer give in Cafe 4 ", Lt gt
7'" and 8"~ following.

4, Two Angles with a Side eppofite to one of them bein gi-

ven, To find the Side oppofite to the other, its Affe®ion
being foreknown.

As the Sine of the angle oppofite to the given fide,
Is to the Sine of the given Side :

8o 4 the Sine of the angle oppofite to the fide fongh,
Tothe Sine of the fide fonght.

If the fide fought be foreknown to be Obtufe, the Complement
of the Ark found to 180" will be the fide fought.

Example.
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Example.

So in the former Triangle, if there were given the angle at Z the
Suns Azimuth from the North 63¢ 54/,and the Complement of the
Suns Declination @ P 66° 29" with the hour from Noon Z P ® to
find the Side Z @ the Complement of the Suns Altitude, it wonld
be found to be 8o? 3 17, and the Alcitude ic felf o' 29/,

Sine 66%29/—— 006234
Sine ro5 thatis of 75" is— 998407

+ : 1994731
Sine 63" §47 is—— 995319
Sine 80! 31'——999402

In fome Cafes the AffeGlion of the Side fomght cann:t be deter-
mined from What is given ;

Such Cafes are,

Whenthe given Angle is Acute, and the oppofite Side lefs then
a Quadrant, and the other Angle greater then the former Angle,
and its Complement to a Semicircle alfo greater then the faid for-
mer Angle.

Alfo when the given Angleis Obtufe, and the oppofite Side
greater thena Quadrant, the other Angle being lefs then this An-
gle, and its Complement to'a Semicircle alfo lefs then this Angie:

What Suel/ins hath fpoke concerning thefe doubts, is in fome
Cafes falfe, in others impertinent, however I conceive not that
Learned Author miftakes, but the Supervifors after his death.

In all other Cafes the determination is certain,as may be hereaf-
after fhewed.

S« TWo fides with an Angle oppofite to one of them besng given,
T'o find the third fide, the kindof the angle oppofite to the other
fide being forekpown, |

N : M Firft
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Fitrft find the Angle oppofite to the other fide by 3 Cafe, and
then you have two Sides and their oppofite Angles.
To find the third fide by the Inverfe of either of the Proporti-
onsufed in the 24'Cafe, the former will be, |

As the Sine of balf the differsnce of the angles given,
Toeangent of balf the difference of the fides grven:
So #s the fine of half the [um of thofe angles,

T o the tangent of balf the [ide required.

Inthe latter Cafe, if the fum of the given Angles exceed a Se-
micircle, the oppofite Triangle muft be refolved.

Example.

If in the former Triangle there were given the fide © P, the
Complement of the Declination 66' 29/ and angle ©Z P the Azi- |,
muth from the North 634 54/ with the fide Z P, the Complement
of the Latitude 38' 28/, to find the fide & Z, the Complement of
the Suns Altitude on the Propofed Azimuth : The firft Operation
will be to find the Suns angle of Pofition Z ® P 372 32/, which is
always Acuote when the Sun or Stars do not come to the Meridian
between the Zenith and the elevated Pole.

The faid angle being found by the former Dire®ions, we pro-
ceed to the fecond Operation.

Sides}gg :g difference 28' 17 half 14¢ oo' 30" Tang—939705

Angles }?; ;j}Sum 101" 26,half 50?43 Sine— 988875
— 1928580
26 22 difference, kalf 13%11/ Sing————935806

Tangent of 40'1§/ 30/ —~—992774
donbled is 80" 31/ the fide fought being
she Complement of the Suns Altitude,

6, Twe
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6. T'wo fides With an angle oppefite 1o ane of them being givem,
To find the angle included, or bevween shim, . the pecies of the

oppoite to the other fidz being forekno¥on.

Fisft find the angle Oppofite to the other fide by 3'Cafe, and
then we have two angles and their oppofite fides to find the other
angle, by the Inverfe of cither of the Proportions ufed in the firft

Cafe, the former will be,

As the fine of balfe the difference of the fides,

Tothe T angens of halfe the difference of the angles :

So is the [ine of halfe the [um of the fides,
T'o the Cotangent of balf the angle requived ; That is, to the Tan-
gent of an Ark, whofe Complement is half the angle inquired.

If the fum of the given fides b= more then a Semicircle, inthe
refolation of this latter Cafe refolvethe Oppofite Triangle.

Example.

In the former Triangle given © P Comple: Declination 6629
7. P Comple: Latitude——38 28

Angle ® Z P the Azimuth—63 54
To find the hour Z P ©@—105
The ficft operation wil find the angle of Pofition as before 374 32
The fecond Operation.
half difference of the given angles 134 117 Tangent—— 936966

half fum of the fide— 2 28 30" Sine—- 989931
| 1926897

half difference of the fides 144 0o’ 30 Sine — 938393
Tangent g7d. 30\ = 988504

| Comple:is 52 39 doubled makes 1054, the
Angle fought. '
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84 Cafes of Spharical Triangles.

7. Two eAngles with 4 fide oppsfise 1o one of thems being given.
To find the third Angle, the kind of the [ide oppofite to the other
Angle being foreknown.

Firk find the fide oppofite to the other Angle by 4t Cafe,

And then we have two angles, and cheir oppofite fides to find
the third angle; by tranfpofing the order of cither of the Proporti-
ons ufed in the firft Cafe, the latter will be,

As the Cofine of halfe the difference of the fides,

To the Tangen: of | halfe the fum of the angles :

8o the Cofine of halfe the fum of the fidesi,

Z'o the Corangens of half the conrained angle,

Example.
Inthe Triangle Z © P Daraangle ©—37d 32/
Angle P—105 00
Side ® Z-80 31
Tofindtheangle Z_63 54
The firkR Operation will find Z P—38 28

T he fecond Operation.
half fam of the angles—714 16/

Tangent—_ ;.
half fam of the fides — 594 293 8 1046963

o" Sine Compl:— 970y 58

half difference of the fides 214 1'30" Coﬁn:__.__f;;;g:;

Tangeo 58 3’ ——T020514
Compl: 31 57" doubled is 63° §4" the angle fonghe.

T T e
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8, Two angles with afide Oppofite toone of th'm being gives,
To findthe Inverjacent fide, the kind of the fide oppefite o the
other angle being for: knovwn.

Fick find the fide oppofite to the other angle by'4 Cafe,
And then you have two fides, and their oppofite angle given to
find the 3 fide by, tranpofing the Order]of either of the Proporti-
" ons ufed in the 28 Cafe, the latter will be,

Asthe Cofine of halfe the difference of the tWo angles,
To the tangent of halfe the {wm of the two fides:

Sao the Cofine of halfe the [um of the two given angles,
To the T angent of halfe the third fide,

| Example.
In the former Triangle given the Hour angle at P 105" oo
AzimuthangleatZ |63 54
Compl Altitude Side Z © 80 31
To find the Compl. of the
' Latitude thefideZ P 38 28
. The ficft Operation will findthe fideP © 66' 29’

Second Operation.
halfthe fum of the two fides ~ 734 30/ Tangent 1052839
half the fum ef the twoangles 84 27 Cofine 898540

s 1951388
‘half the difference ofthe two angles 20% 337 Cofine 097144
Tangent of 194 14/ 954244

Doubled is 38 28the fide Eught

Thefe 6 laft precedent Cafes may be calied theDoubtfulCafes,becanfe
that three given terms are ot [ufficiens Data 1o find ome [iigle an-
[wer withont the quality of a foursh, which is demonftrated by Cla-
vius, #» Theodofium, aud feeing iz pafles without due cansion in omr

Englifh Books, I foaliinfersis from bims .
4
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€afes of Spharical Triangles.

LE: A D and A C be two equal fides including the angle D AC,
and both of them lefs or greater thena Quadrant.

Draw through the Points Cand D, the arch of a great Circle
C D,continue it,and draw thereunto anether Arch or Side from A,
namely A B, neither through the Poles of the Arch C D, nor
throngh the Poles of the Arch A D, fo that the anglesBand BA D
may not be right angles, nor the angle A D B. if then each of thele
fides AD A Cbe lefs then a Quadrant, the two angles C, and
A DCwill be Acute; and if thefe: Arks be greater refpeQively
then a Quadrant, the two angles € and A D C, will be Obtufe,
whence it comes to pafs that the angle A D B is Obtufe, when the
angle A D Cis Acute, and the contrary : Now forafmuch as the
fides ACand A D are equal to each other, the other Data, viz.
the fide A B, and the angle at Bare common to both, for ineach
Triangle AB D, and A B C there is given two fides with the angle
atB oppofiteto one of them ; Now thisis not fufficient Dass to
find the angle oppofite to the other fide, which may be either the
acuteangle at C,or the Obtule angle ADB the Complement there-
of to aSemicircle : Nor to find the third fide,which may be either
B D, or the whole fide B C, nor the angleincluded, which may be
either BA D,or BA Ctherefore in thefe 3Cafes we have required
the quality of the angle oppofite to the other given fide A B, and
though it be not fo much obferved ; inthe other Trigonometry, by
Perpendiculars let fall, without the knowledge of the faid angle it
could not be determined whether thePerpendicular would fall with
inor withent the Triangle,nor whether the angle fonnd in the firfk
Cafe be thething fought, orits Complement to 180", nor whe-
ther the angles or Segments found by 1t and 24 Operatton in the

orher
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other Cafes are to be added together, or fubracted from each o-
ther, to obrain the fide or angle fought.

So alfo two angles with a fide oppofite to one of them, are not
(ufficient Dara to obtain a fourth thingin the faid Triangle, with-
out the affe@ion of the fide oppofite to the other given angle.

]‘ Et A B and A C be two unequal fides containing the angle
__B A C both together equal to a Semicircle; one being greater,
the other lefs then a Quadrant Draw through the Points Band C,
the arch of a great Circle B C, continue it, and draw thereto from -
A another fide AD;but not through the Poles of AC;nor through
the Poles of B C,fo that the angles D and C A D may not be right
angles, nor the angle A CD a right angle ; for if it were a right
angle the angle A B C whereto it is equal, fhould be alfo a right
angle, and fo the two fides ABand A C, by reafon of their right

angles at B and C fhould be equal, and be Quadrants contrary to
the Suppofition ; Now the angles A C D and A B C being equal,
which is thus proved : Suppofe the two fides A B and BD to be
continued to a Semicircle at E, then will the faid angle be equal
to its oppofite angle at B, the fide A C by fuppofition 18 equal to
the fide A E, the Complement of the fide ABtoa Semicircle, but
' equal fides fubtend equal angles,therefore the angle at Cis equal to
the angle at B or at E, which being ad mitted retaining the fide A
D and angle at D, we have another angle oppofite thereto, either
C or B, which are equal and common to both Triangles, and foif
the fide oppofite to the given angleat D were fough, a double
anfwer fhould be given, either the fide A €, or the other fide AB
its Complement to 180, and the interjacent fide might be CD or
B D,and the third angle the leffer angle C A D,or the greater B A
D, which is not commonly animadverted. T e
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Two Sides w;rb the aAngle comprebended, to find the
I‘h.l‘-?‘ﬂr -F:'dh

That the former Cafes might be refolved without the help of
Perpendiculars,bath been long fince hinted by Mr Gunrer,Mr Spes-
del, and Mr Gellibrand, but fo obfcurely that I fuppofe lictle notice
was taken thereof; but this Cafe hach not hitherto been refolved
by any man, to my knowledge, under two Operations with a Per«
pendicular let fall, working by Logarithms, unlefs by Maltiplica-
tion and Divifion in the natural Numbers, which being the onely
bt Cale left wherein we are to ufe Perpendiculars, I (hall {hew how
RRi to thun both, withthe joynt ufe of the Naturaland Logarithmical
Tables, by a novel Proportion of my own, and illuftrate the ufe=
fulnefs thereof by fome Examples.

T'Wo Sides with the Angle comprehended,te find 3" Side.

As the Cube of the Radiws,

T o the Rellangle of the Sines of the comprehending fides =

1 8o 75 the Square of the Sine of balf rhe angle contained,

i T o half the difference of the Verfed fines of the third fide,

Ll and of the e Avk_of difference berween the two including fides,

];T “Which half difference doubled, and added to she Verfed Sine of
L the difference of the Leggs or containing fides, gives the Verfed
Sine of the fide fough.

And if youn will make the third Tearm the Square of the Sine of
i) half the Complement of the contained angle to 180%, you will
i find the half difference of the Verfed Sines of the third fide, and
: of the fum of the two including fides to be doubled and fubftra&-
ed from the Verled Sine of the faid {om.

Byt to apply the former to Logarithms.

- Y

_ Double the Logarithmical Sine of half the angle given, & there-
'l to adde the Logarithms of che fines of the containing Sides,& from
L theleft hand of the Sum,Subftra& 3 for the Cube of the Radius,fo
Al riﬂs the Logarithm of half che difference of thofe ewoVerfed Sinecsl
ove, > ' An

..........
3 e e -
e S——
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And ifinftead of the fecond Tearm be taken into the Proportion,
the double of the Re&angle of the Sines of the containing Sides ;
thatis, ifthe Logarithm of the Number 2 be added to the Logm of
the other middle Tearms, you will have the Logarithm of the whole
Difference inthe laft place; having found it, take the Namber
that flands again it, either in the Natural Sines or Tangents, and
accordingly add it to the Natural Verfed Sine of the Difference of
the Leggs, and the famme is the natural Verfed Sine of the fide
fought.

This is the Inverfe of the 4 Axiom, ufed when 3 fides are given
to find an angle, and will be of great ufe to Calculate the D.ftances
of Stars by having theirDzclinations and right Afcenfions,or Longi-
tudes and Latitudes given,by means whereof the Altitudes of two of
them,or of the Sun with the difference of time,or Azimuth,being ob-
ferved atany time off theMeridian,theLatitude may be found,as alfo
for Calculating the diftances of places in the Arch of a great Circle,
all of them Propolitions of good ufe in Navigation ; as for the lat.
ter it hath hitherto been delivered in our Englifh Books donbtfully,
erroneoufly , or not fufficiently forall Cafes the Rules delivered

only trugin fome Cafes, and doubtful in moft, not determi-
ning whether the fide fought be greater or lefs then a Quadrant.

The Reader may obferve how neceffaryitisto have fuch Tables,
as have the natural Sinesand Verfed Sines, 7e. fanding againft
the Logarithmical Sines, for this and other following Proportions
difcovered by my felf for the eafie calculating a Table of hours and
Azimuths to all Altitudes, asalfo a Tables of Altitudes to all hours;
but as yet there are none fuch made as have the Verfed Sines , but
will in due time be added to Mr. Gellibrands Tables ; in the interim
it may be noted , thac the Refidue of the Natoral Sine of an Ark
from Radius called its Arithmetical Complement, is the Verfed Sine
of that Arks Complement ; thus the natural Sine of 40'is 6427876
fubfra@ed from Radius, refts 3572124, the Verfed Sine of sod.
And for Arksabove god we need no natural Verfed Sines , becanfe
the natural Sineof acy Arks exce(s above 9od added to the Radias
is equal to the Verfed Sine of the faid Ark, thusthe Sine of 404

‘augmented by the Radius is equal fo the Verfed Sine of 130dand is
" 16427876

N - Example
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Example of this Cafe.

Inthe Triangle © Z P let there be given the fide & Z, the Com-
plement of the Altitude 704 53" and the fide Z P the Complement
of the Latitude 384 28" with the angle @ ZP 1454 the Suns
Azimuth 'from the North, to find the fide@ P, the Suns diftance
from the Elevated Pole.

Sine 384 28" 97938317

Sine 70  §3 99753646
Sine 72 30Log"dobled 199588390

; Natural Sine againft , 97280353
it doubledis 10691964

Natural V Sine of 334 25™ the
difference of the ﬁd:s_} 1558280

-

The Verfed Sine of 1034 the—12250244 :
fide foughe, and therefore the Sun hath 134 of South declis
nation,
Another Example of this Cafe for Calculating the Suns
Altitnde on all bours.

Asthe Cube of the Radins, To'the double of the Reftangle of the Cos
fines, both of the Latitude, anl of the Stuns declination. :

8ot the Square of phe Sine of balf the hour from noon,

Tothe diff -rence of the Sines of the Suns Meridian Altitnde, and of
the Alsisnde foughts

This Canon will finde two Altitudes at one O peration, and 1]:nvi!l
ve
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fiave very little tronble injt , the donble Re&angle, that is the fe-
cond tearm of the Proportion, being fixcd for that Declination.

Add the Logarithms of the Number two , and of the Cofines of
the Declination and Laticude together the fum may be called the
fixed Logarithm.

Double the Logarichm of the Sine of half the hour from noon,
and add it co the fixed Logarithm the fum reje®ing 3 towards the
" lefc hand, for the Cube of the Radius is the Logarithm of the diffe-
rence : Take the natural Sine that ftands againtt it, and fubftra& it
from the.natural Sine of the Meridian Alticude , both for the Win-
ter and Summer Declination, and there remains the natural Sines of
the Altitndes fought.

If this differerce cannot be fubftracted from the Sine of the Me-
ridian Alritude, it argues the Sun hath no Alticude above the Ho-
rizon in this Cafe (ubftra& thar from this, and there will remain the
- Natural Sine of the Suns Altitude for the like hour from midnight
in Summer.

Example.

Letic be required to Calculate the Suns Altitude when he hath
234 31™ both of North and South Declination for our Latitude of
Londonat 2 and § a Clock in the afternoon, or which is all one for
the hoars of 10 and 7 in the morning.

Sine 384 28™ Compl Latitude- ———97938317
Sine of 66 29 ™ Compl Declination 99623428
Logarithm ef Number 2 is ~——0301030%
" Fixed Number- —200572045§

Logm of Sine of 154, doubled—188259924

Neareft natural Sine againtt it, 76190>—

—88831969
614 59 Summer Meridian Altitude :

 MNatoral Sine 8828110
Subftra& 261900 the diference before found
Refts—— — — 8066210 the natural Sine of 53 46" the

N 2 Sumf

B
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Summer Alejtude for the hours of 10 and 2

14357 " Winter Meridian Alritude Nat Sine—2§79760

Subftrack the former difference—— 761900

S ——— ——
—_———

Refts the Natural Sine of 104 29™ the . — 1817860
Wiater Alticude for the hours of two and {358 :

The fame day for the Alrinde of § and 7.

Fixed number—— — 200572045
Sineof 374 30™ Logm donbled 195688942
Natural Sine againft it 4226183 5}6:565}_8;

Winter Meridian Alcitude as before Sine 2579766

Refts-——1646423 the natoral Sine
of 94 29 Summer Altitude for 5 in the morning, or 7 in the

evening. Natuvral Sine.
Summer Meridian Altitude, as before ———8828110
The former difference -- —4226183

Reftsthe Natural Sine of 274 24™ a[l_ﬁ 1927
The Sammer Altitude for 7in the morning, ‘or § in the after-
noQn.

The former Cafe may alfo be performed at 1we Operations by help of
4 Perpendicular [uppofed , without the help of Natural
T ables.
1. Ifboth Sides are equal,
Asthe Radiusy To the fine of the Cammon fide :

So the Sine of half the Angle, To the Sing of half tf:;;ﬁdg Jongh.

2. If one of the fides be a Quadrant ,this by continving the other
fide to a Quadran(as fhall afrerwards be (hewed )wil become aCafe
of right angled Sphcericala Triangles , in which befides the. righe
angle, inftead of the quadrantalfide, there will be givenaLe g
and its adjacent angle to find the other angle by 4 Cafe of right an-
gled Spheerical Triangles; and fo if the angle included were 9ot 11;
WOou
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would be aCale of right angled Spheerical Triangles,in which befides
the right angle,there would be given both the L2ggs or Sides to find
the Hipotenufal. :

3. In all other Cafes one or both of the including Sides being lefs
then Quadrants, it will hold,

oAs the Radins, Tothe Cofinesf the angle included :

So the tangent af the ffﬂer de, Tothetangent of afourth Ark,

Ifthe angle included, be lefs then [9cd fjubftrack the 4 " Ark from
the other fide; butif it be more from the other fides Comple-
ment to 180%, The remainder is called the Refidual Ark.

Then, eAsthe Cofine of the 4™ Ark, Tothe Cofine of the Ark re-

mdaining

Sa the Cofine of the lefler fide, To the Co/ine of the fide Songhe.

The fide fought may be greater then a Quadrant;and fo be doubt-
full, but we may determine,

That when the Leggs are of the fame kind, and the angle com-
prehended Acute, the fide fought is lefs thena Quadrant.

And when the Leggs or containing Sides are of a different kind,
and the angle comprehended Obtufe,che fide fought is greater then
a Quadrant.

Or it may be desermined from the affection of the Refidual Ark

in all (afes.

When the contained anﬁlc is acute, and the refidual Ark more
then god, orwhenthe faidangleis Obtufe , andthe refidual Ark
lefs then a Quadrant, the fide fought is greater then a Quadrant, in
ali other Cafes lefs,

Exawple.
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Example. .
Inthe Triangle © Z P, let therebe given Z P, and © Z with the
anéa_'.e st Z, to find the fide © P, the Suns diftance from the Eleva-
ted Pole.

angle incloded 144° Logm

Or, 35 Compl 55 Sine 99133645
Tangent of 38 28 lefler fide— 99000865
Tangent 33%, 3 ~—————— 98134510

Compl © Pto 18c%is 109 7 3
The Ark remaining or differ: 76' 4"  Cofine—— 93816434

Lefler fide—st 32 Cofline 98937452
192753886

Ark found— 33¢ 3™ Cﬂﬁﬂ_ﬂ_ —— 99233450
Sine 13 . 93520436

The Complement hereof 774 fhould be the fide fought, but be-
caufe theangle was Obtofe , and the refidual Ark lefs then a Qua-
drant, the (ide fought is greater , and therefore 1034 the Comple-
ment hereofis the fide fought,

This Cafe & the Converfe of it being the next Cafe,] have thus fet-
led to apply the toLogarithmical Tables only,inCafe the natural ones
were wanting, being all the other Cafesare thercto fitted ; and as
the trouble about the Cadence of a Perpendicular. is here (hnnned,
without fo much as the name of it ; fo may it bedone in all the reft
of the Oblique Cafes, which I had fo ficced up for my own nfe; but
forbear to trouble the Reader with them, apprehending thefe to be
better, and that he would not willingly Calculate for a portion of an
angle, or a Segment of a Side, inorder to the finding out the thing
fought, when with as little tronble he may come by it, and yet Cal-
culate always either for a fide oranangle; one of the fix principal
parts of the Triangle.

OtherWife for Irffruments.

Asthe Diamerer, Tothe difference of the Verfed Sines of the fum, and
of the difference of ary two fides, including an Angle. 4
C
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| Or; 5
As rj: Cofecant of one of the including Sides, Is tothe Sing of the other
1A 3

.i'.;{} the Perfed Sineof the angle included.
Toihe difference of the V. :rfrf Sines of the Ark_ of difference bewween the

eWa including Sides, and of the third fids fonght , Which difference
added ro the Verfed Sine of the difference of the Leggs, makesthe
Verled Sine of the fide fought.

And [0 s the Verfed Sine of the contained angl s Complement to 180d

T o the difference of the Ver[ed Sin 5 of the [um of the Leggs y and of

the fid2 fos3bt, which fubftra&ed from the Verfed Sine of the faid
fam, there remains the Verfed fine of the fide fought,

Here note, that the fame Verfed Sine is common to an Ark grea-
ter then 1804, and to its Complement to 3604, So the Verfed Sine
of 2004 is alfo the Verfed Sine of 1604,

The Proportions delivered for Inftruments having fuch Tables as
before hinted, will not be fo unfuicableto the Logarithms as com-
monly reputeds

Example for (a’culaving the diff ince of two places inshe Arch
of a great Circle , otherwife then according tothe gescral
Cannon before delivered.

As the Secan: of ove of tie Latitudzs, Tothe Cofine of the other,
So the Verfed Sine of the difference of Longitude,
T o the difference of the Verfed Sines of rkjr two Arks,

The one the Ark of diftance fought, the other the Ark of diffe-
rence between both Latitudes, when in the fame Hemiiphere, or the
fom of both Latitudes when in different Hemifpheres, which d:ffe-
rence added to the Verfed Sine of this latter Ark, the fum is the ver-
fed Sine of thediftance,

_ By-turning the Subftra®ionto be made of tlie fir@® Tearm into an
Addition, the ewo fic/t Tearms of the Proportion will be,
Asthe Square of the R ads,
. Tothe Reilangle of the C.fines of both the Laritndes :

Then for the third Tearm being the differeoce of Longitude, take
thie natural Verfed Sine thereof, and feek that Number in the nacu-

: ral
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ral Tangents, and that Logarith Tangent that Randsagainft it take
into the Proportion inftead of the Logarithm of thie Verfed Sine pre-.
pofed. :

eAdmit it were required to find 1he Distance besween London and
Bantam, snthe Archof a grear Circle,

' Logme
Bantam Longitnde 140d Latitude 54 40’ South Cofine 9, 9978725

Landen Longitude 25,50 Latitude 51,33 North Cofine 9, 79383 17

— —

difference of Long 1144 10'Nat V Sine 14093923 equal
to the natural Tangent of 544 38 ! neareft Logm 10,1489900

Natural Sine 8723538 againft ic 2 9940694
Nat Verfed Sire of 57d 12’ ¢ 4582918
the fum of both Latitudes § —
Sam—-———13306456 the natural Verfed Sine of
1097 18’ 30" the Ark of diftance fought. |
And if to the faid d/fference, namely—- ———8723538

Be added the natural Verfed Sine of the difference —— 3036695

of both Latitudes,namely the V Sine of 454 P, (e iR
The fum being the natural V Sine of 100d 8 30'" is—1 1760233
the diftance of two places, having the fame Latitudes, and difference
of Longitude, but are both in the fame Hemifphere.

Here note, that no two places can have above 1804 difference of
Longitude , therefore in differencing the two Longitudes if the re-
mainder be more take its Complement to 3604,

The Complemcnts of thefe two diftances, namely 704 41"30"
and 794 51’ 30"are the diftances of two places of the fame Latitudes
confidered as in different Hemifpheres, their difference of Longitude
being 65450' the Complement of the tormer,and two placesin a fuch
Pofition compared with their former Pofitions may be apprehended
to be Diametrically oppofite upon theGlobe,as thus, Banzams having
§ ‘40’ South Latitude,lec another place have as much Norch Laticude,
the difference of Longitude between them 180d and confequently
fo much their diftance ; now whatever be the diftance between .-

tam and the third place, the Complement of it to 18od [hall be the
diftance between the two other places, | '

10, Twe
/



Cafes of Sphevical Triangles, 97

10. Two angleswith the Inteviacent fide given, To find the 3 an-
Lle, the propovtion derived from the former Cafe by changisg
the angles into fides, and holds withont any fuch change
Juppofed is,

oA the Cube of the Radins, To the dowble of the Reétangle of the Sines

of the tWo given angles :

Sois the Square of the Sine of half the given fide, To the differesce of
the Ver[cd Sines of thefe two Arks, the one is the ﬂﬂgi‘fﬂﬂgf:r‘} the ather
the Ark of difference betweenone of the sncluding avgles, and the Conne
plement of the otbereo a Semicircle , which difference added to the

Verfed Siae of this Ark gives the Verfed Sine of the angle foughr.

How to work this by Tables need not bethewed after the Logm
of the difference is got; if it be lefs then the Radius, it may be fought -
either in the Sines or Tangents, and the natural Sine or Tangent
that ftands againft it and comes neareft taken; but when it exceecs
the Radius always feek itin (he Tangents, and take the natural Tan-
gent that ftands againft ir; which difference fo found, is to be added
to the Verfed Sine of the difference of the Leggs o obtain the Ver-
fed Sine of the angle fought,

Otherwife for Tables the common way by a [apps/ed Perpend ¢ ilar
1. If both the angles are equal,
Asthe Radsirs Tothe Sine of the angle given: Sothe Cofine of half the
given Sidey To the Cofine of half the angle [ought,

In all other Cafes not belonging toright angled Triangles
if one or both of the given angles be Acute, it holds,

Ae the Radins, To Cofine of the interjacent fide :
8 the Tangent of the [ [[or angle,
Tothe Tang:ntof a 4™ Avk.

If the interjacent fide be more then 0o' {ubftra& the 4" Ark
from the other angle; but if lefs then go?, fubfra® the 4 " Ark from
theother angles Complement to 180 ,noting the rcfidual Ark.

Then, Asthe Cofineof the 4" Ark,, Tothe Cofine of the Ark rimains
masnisg :
O So
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o8 - Cafes of Spharical Triangles,

Sothe ((ofine of the Iif[ir angle,
T che Cofine of the angle [oughe.

When the interjacent fide is lefs then a Quadrant , and the refis
dual Ark more, or when the interjacent fide is greater thena Qua-
drane, and the refidual Ark lefs, the angle fonght i; Obtale; inall
other Cafes Acute.

C

Inthe Triangle © Z P let there be given
The ang'e of Pofitionat ®—— 21! 28"
The hour from noon angle at P— 33 47
And the fide © P che Suns di-
ftante from the elevated Pcr‘.e} e

‘ To find bis Azsmuth the angle © Z P
Sine 134 the Complement of the interjicent fide— 01520880
Tangent 21d 28" the lefler angle 05946561

—

Tangentof 5d 3°— = 89467441
The otherangle—33 47 :
The difference being thep .

relidual ark ; 528 GRS o b2
Lefler argle— ——21 28  Cofine— —— 99687773
199117108
Atk firft found —— 5¢ 3'  Cofine-————99983 109

Sine 554

i : —99133999
The
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The Complement whereof 354 in this Cafe is not the angle foughe,
but the refidue hereof from a Semicircle 1454 is the angle {onghe be-
ing Obtufe, becaule the interjacent fide is greater then a Quadrant,
and the refidual Atk lefs ; the refidual Ark in Operation i€ greater
then a Quadrant, takeits Complewent to 1804, becanfe thereare
no Sines 1o Arks abovea Quadrant , and then the Complement of
this Ark to 9o isthe Complement of the refidual Ark the Sine

whereof muft be taken for the Cofine of the refidual Arke.
Otherwife for Infirumcnts,

o A5 the Diametcr, Tothe diffevence of the Verfed Sives of the [ and
difference of the two including argles, Or,

'As the Cofecant of one of 1bofe angles , Isto the Sine of the other,

Sothe Verfed Sine of the interjacent fide,

To the difference of the Ferfed Sine of an Ark left by [nbftralting one of
sheincluding angles from th Complement of ¢ ¢ ovher to a Se nicircle,
and of the angle fonght 5 which difference added to the Verfed Sine

of the faid Ark, gives the Verfed Sine of the angle fought,

And fois the Verfed Sine of the interjacent fides Complement to
180d, Tothe difference of the Verled Sines of an Ark made by ad-
ding one of the including angles to the Complement of the other to
a Semicircle, and of the angle fought , which fubfiratted from the
Verfed Sine of the faid Ark, leaves the verfed fine of the ang'e

fought.
11. Three Sid s10 findan Angle.

The two fides including the angle fought are called Leggs,
and the third fide che Bafe.

As the Retangle or Produtt of the Sines of the half fum of the three fides
and of the difference of the Bafe therefrom.

Is to the Square of the R atius :

S0 isthe Retlangle of the [ines of the differences of the Leggs from the
faid balf [wm,

To rhe Square of the Tangent of half vhe angle fonght.

And by changiog the third Tearminto the place of the firft.

0O a As
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s the R ellangle of the Sines of the differences of vhe Liggs fromthe
kall fum of the R fides,

Istothe Square of th- R diws :

Sothe Re'tangle of the Sines of the balf fum of the tree i 'es, and of the
difference of the ‘Bafetherefrom, : a

4 othe Square of the Tangent of an Are , Whofe Complement éonbled is
theaigle fouglt 5 ovthis Ark doubledis the Complement of the

argle foughtro 1804, oric might be exprefled, Z0sbe Square of

the Catangent of balf the angle foughe.

> Otherways in Sines.

eAsthe Re Eangleof the Sines of the contisning Sides or Leggs,

ditothe Square of the Radius

Sotoe Reltangleo the Sin.s of the d ffirences of the Leggs frem ke balf
Jum of the three [ides,

Tcthe Sqnare of the Sine of balf the argle fanghe.

Or the Cofine may be found:

As the Reltangle of the Sines of the costaining files,
Vs to the Square of the R adins :
8o1he R eftangle of the Sineso” rhe bal’ fumsof the 3 fides, andof the
aifference of the Bafe therefrom,
Lo the Square of th Cofine of balf the angle fong't. ;
Thefe two lateer Proportions are demonftrated in the Treatifes of
the Lord N.pier. Mr Ough:red, Mr N rwood |, and are thofe fl'gﬂ'm
whence I fhall educe the Demonfirations of the reft.

Zowork_ the third Proportion that finds the Square of the Sine
o/ balf the angle.

To the Arithmetical Complements of the Logarithms of the fines
of the containing Sides or Leggsadd the Logarithmical Sines of the
differences of the faid Leggs from the half fum of the three Sides, the

half fum of thefe four Numbers will be the Logarithm of the fine of
half the angle foughr.

In
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Inthe Triangle © Z P, Data, the three Sides to find the a nglea
P the hour from noony

8od 31" Baife

66 29 Lepss Ar comp , 0376572
33 18} Jggm——--—ﬁ——--—-zf!‘fump :2{:,61(5:'53

Sum 185,28 difference of the Leggs{ 26'15 Sine 9,64 57058

half- 92 - 44 frem half furn ———§ 54,16 Sine 9,9c94190

Sum ———19,7989503

Sine of 524 ‘30" half - —9, 2994751

: doubled 105, theangle a: P fought.

The Arithmetical Complement of a Logarithm , is the refidue of

that Logarithm from the nexc bigger Number confilting of an Unite
and Ciphers.

Otherwife for Inftruments.

As the difference of the Verfed Sines of the fum , and of the difference of
any two [ids including an angle, |

Istothe Diametcrs
' Or,

As the fine of one'of the' faid fides, Tothe Secant of the Complement of
“the otker.

So is the difference of the Verfed Sincs of the third fide, and of the Ark of
difference berween the two ixcluding fides,

Tothe Verfed Sine of the angle fonghr, .

And [0 % the difference of the Verfed Sizes of the th'vd, and of the fum of
the two including fides, |

Zoshe verfed Sine of the fonght angles Complemen: ta 180,

' . 12.T%ree
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Cafes of Spharical Trisngles,

13, Three Awgles to find a £ide,

The work here for the Canon or Tables, will be by changing the
Angles into Sides | the general Rule for changing all the partsof a
Triangle, is to draw a new Triangle!, and let che angles be wrota-
gainit their Oppofite fides, and chefe againt thofe | only taking the
Complements of the greatelt Angle, and greatet fide oppofed there-
toto 1804, this for moft convenience that the fides or angles of the
new framed Triangle may not be too large, and fo caufe recourfe to
the Oppofite Triangle, otherwife the Complements of any fide and
its oppofite angle to 1804, might as well have been taken,

A
-;‘hm%i
Xo.
37 i Ve

A '-"FF‘;_’!TEZ C

D
o W |
L85
,5«;5'1‘2’ A
= 69 F

But for this Cale, fecing thereare only angles to be changedinto
fides, take the Complement of the greateft angle to 1804 and pro=
ceed as ifthere were three fides given to find an angle.

But the Proportion in Veerfed Sines, ¢#¢, without any fuch change
will be
As rb:,a'iﬁrm'e of the Verfed Sines of the fum, and of the difference of
any ¥Wo angles adjacent to the [ide fonghn,
Is to the Diameter, .

Or,
As the Sine of ane of the faid angles,
s to the Cofecant of the other : I
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Sois thedifference of the Verfed Sinesof the third or Oppofite angle,
and of an eArk left by [ubfiratting one of the inclnding angles from
the Complensent of the other to a Semicircle,

T o the Verfed Sine of the fide [cught,

And o is the difference of the Verfed Sines of the third angle, and of an
Ark made by adding one of the inclniing Angles to the Complement
of the ather to a Semicircle.

To the Verfed Sint of the fonght fides Complement to 1804,

Thus having finifhed the Cafes, itisto be intimated that the Pro.
portions here ufed in Verfed Sines are varioufly demonfirated 15 di-
venle Writers,but 1o moft the lateer part for finding the Complement
of an angle to 180*, is quite omitced, tbofe that have demonttrated
the former part, do it in thefe tearms followiug.

As the Reftangle of the (ines of the containing fdes,

Is to the Square of th: Rad:ns :

Sois the difference of the Verfed Sinze of the Bafe, or thivl Side , and
of the Ark of difference besween the twoincluiing fidesi,

T o the Ver[ed Sine of the angle fougit , which the Reader may fee in

L"’Jéffgr R";E#‘jﬂr“”ﬂﬂ s’uf'{ﬁms ‘Pfffﬁ‘sﬂ , and the tearned Cla-

246, Who makes 15 Cafes, and twice as mauny Scheams, to demons

ftrate this pare of it , I fhall only fhew how it may be inferred from

t1e common Proportions in ufe fitced to the Tables de monftrated by

the Lord Napser, Mr Oaghtred, Mr. Norwocd,

We have two Proportionsidelivered in Rectaugles and Squares the
one for finding an angle, the other to find its Complement to 1804,
The two fick tearms are the Proportion between the Re&angie of
the Sines of the containing fides,and the Square of the Radius ; thefe
two teaims being divided by the Sine of one of thofe fides, the Quo-
tlent will be the Sine of the other , ‘if the fame Divifor divide the
Square of the Radius , the Quotient will be the Secant of the Com-
plement of the Ark belonging to the Divifor, becaufe,

As the Sine of an eArk, To Radins , 8o s the Rad s, To the Se-
cint of that Arks Complement ; But if any commeon Divifor divide
eny two Tearms of a Propor:ion, the Dividends will be Acquimalti-
plex to the Quotients; and theefore by the Quotients will bear fuch

Proportion each to other asthe Dividends, andthercforei holds,
As
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As the Rellangle of the Sines of the containing fidesy
Js to the Square of the Ruding §

Soisth: Sine of one of thofe fides,

T o the Sccant of the Complement of 1he eker,

Again, for the third Tearm, to find an angle it is propofed.

8o ts the ReStangle of the Sines of the differences of the Leggs from the

kalf fum of the three fides. |
Or which is all one, :

Sa 15 the Reftangle uf the Sines of the balf (wm, an | half difference of the
Bafe or third fide, and of the Ark of diffcrence berween the tWa inclu
ding fid s,

T'o the Square of the Sine of half the angle [ongl,

And foto find the Complement of an angle to 1804,

8o 2 the ReEtangle of the Sines of she balf [um of the three fidesy ant of

the diffcrenceof the third fide or B afe therefrem,

Or which is equivalent thereto, ~

S 75 the Reflangle of the Sines of the balf fum, and hslf difference of th

Bafe or third fide, andof the [um of the 1Yo including fides,
Tothe Square of the Sine of an Ark , which doubled is the Comiple-
ment of the angle fought to 1804, or the Complement of that Arch
to a Quadranc doubled, is che ang e fought. g

The former of thefe twe exprellions of the third Tearm of the
Proportion, as being the more facll for memory is now retained ;
but the latter, (formerly ufed and now rejected) agrecs beft with che
P opoxtion, asapplyed to Verfed Sines, for the inferring whereof
note, that fuch Proportion , Asthe difference of two Verfed S nes
beareth to another Verfed Sine , the fame Proportion doch the balf
difference of thofe Verfed Sines, bear ro halfche Verfed Sine of that
other Arch: But that iscthe {2me that the Rectangle of the Sines of
che half fum and half d.fference of any two Arks doth bear tothe
Square of the Sine of half that other Arch, which will be thus infer-
red , becauleif the faid Rectangle and Square be. both divided by
Radius, the two Quotients will be the half ciftcrence of the verfed
S nes of the two Arks propofed ; and balf the verfed Sirie of the 4 »
-&.H.'b- Tha:
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That the Sines of the half fum and half difference of any two Avks
are mean Proportionals between the Radis -and the half, difference
oPehe Vetied Sines of T}lb'& Arks fs demonftrated an M Gellibrands
Trigonometry in O&avo, thatis, ., . . . . . . 1).s
As the Radins, Tothe Sine of ba f the [um of any t0 arks ; :
8o sa'vhe fine of half the difference of tho/e twoarks, « .- T
T'o balf thediffe vence of the ver[ed fines of thofe two arks . and theres
fore the faid Re&ingle divided by Radius, the Qaotient is half che
différence of thie verfed fines of the two Arke. . | R

Aad that the Sine of any Arch is 2 mean Proportional between the
Radius and balf the verfed Sine oftwice that Arch,

Thac i) S o '
As the Radins, Is to the fine of an Arch
8o the [inz of that Arch, To balf the ver/ed fine of twice thar Areh, and
therefore the Square of the fine of any.Arch divided by R 1dins, the
Quotientis the balf verfed fine of twice that Arch; whence the Rule
to make a Cannos of whole Logarithmical verfed finesis ro rake half
the arch propofed, and'tothe Logarithm thereof doubled, er twice
wrot down, toadd the Logarithm of the number two, and from the
fum co fubftra® the Radius. . '

- We haveé before inferred, that '
As the Rectangle of the fines of the contaiming [ides,
 Istozhe Square of the Radins :

Sodsshe fineof oueof thofe fides, = . ‘
T o the Secant of the Complement of the ‘other , and that by di?iding
thofe two Plains by one of thofe fides ; butif we divide the faid tvio
Plains, wiz. the Retangle of che fines of the containing fides, and
the Square of the Radius, by the Radius asa common Divifor, the
latter Quotient will be the Radius, and the former the half difference
of thevetfed fines'of ‘thofe Arks whereof the two containing fides
are the half fum and the half difference; butthofe Arks are found
by adding the half difference to the half fum toget the greater, and
fubftratting it therefrom to get the leffer ; Which is no other then
to get the fum and difference of the two containing fides, it there-
fore holds,
Asthe Rettangle of the fines of the Containing fides,
ds%o the Squareoft’e R adins, - :

Wy P . Or,

! !:I.;
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106 Cafés of Spharical Triangles,.

Or, Asihe fineof oneof thefe fides, o aalnii s i gl |

To the Secant of the Complement of the other s .~ onord .

S 4 the balf difference of the verfed fines of the _ﬂwn: and differencef chofe.

“gwo fides fo'the Radius, ( "Exi. i ohoRIcT

And by confequence fo is the whole difference to the Diameter,

and this being admitced the whole Proportion in all its parts may be

inferred from Mr Daries Book of the Ufes of a Quadrant, where be:

demonftrates, , 2 BN e e
Thar, "Asthe difference of the verfed Sines of the [wm and difference,
of any two_fides incliding an angle, i

Tsto the Diameter : : ‘

8o 15 the difference of the verfed fines of the th'vd fide, and of the Avk of
difference berween the two inclnding fidce, :

Torhe verfed fine of the angle fonght, inthat Scheme it Iyes,

AsMS, ToGH: Sois M P, ToHC.
And I furcher add,
e1:MS, ToGH: asbefore, S0isP.S, To G C.
that'is, retaining the two firft Tearms of the Proportion , the fame-
icholds for the chird and fourth Tearm. - recnd
So 4 she differonce of the ver[ed finesof the third file , and of the fum of
thetwo sncluding fides, To the verfed fine.of the Joughe angles Cams~
plemcnt to 180°,

Now from thefe Proportions thw Demonfirated, are inferred thofe:
athers that give the anfwer in the Squares of Tangents, in order
wheretoobferve, | .

Thatif 4 Numbersare Proportional , their Squares are alfo Pro-

portional (g94amvss won in eadem rarionz.) fo that any three of thofe
Squares being given, the Square of the 4" will be found by dire& .
Proportion , and the Proportion for makinga Table of Natural .
Tangents from the Tables of natural fines is,

As the Cefine of an' Ark,, To the fine of the faid Avk:-
Sodsthe Radins, Toshe Tangent of the [aid Ark,
It will therefore hold by 22 Prop. of 6" Book of Ewclid,
Asthe Square of the Cofine of an Ark., Is to the Square of its fimes .
S0 35 the Square of the Radins, To the Sqmareof its Tangems, - N '
' ow -
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 Now from the two Demonficated Proportions for the Tables, the
two firfk Tearms are commeon to botti, and therefore there is the like,
‘Propertion between the two lactet Tearms of the ficft Proportion,
and the two latter in the fecond, as beeween the two latter , and the
‘two former in each Proportion : Now becaufe the lateer Proportion
finds the Square of the Cofi ne, and the former the Square 0; the Sine
of the fame Ark , it is inferred that the third tearm in the latter
Proportion, bears fach Proportion to the third Tearm inthe former
. Proportion , as the Square of the Cofine of an Ark, dothto the
‘Square of its Sine , whichis the fame that che Square of the Radius
bears to the Square of the Tangent of the faid Ack, it therefore holds

when three fides.of a Spherical Trianglg , are given £0 find an angle.

As the Rectanglé of the Sines of thehalf [um of the three fides, and of
the differcnoe of the Bafe therefrom, _

Is tothe Reflangle of the Sines of the diff :vemces of the Leggs therefram:

8o is the Square of the Radius, ol

To the Square of the Tangent of half the angle [ought, and by changing

the 24 Tearm into the place of the firft.

Az the Retangle of she fines of the differences of the Leggs from the half
[um of the 3 fides, _

Is to the Reclangleof the fines of the balf fums of the three ides 5 andof
the difference of the Bafe therefrom :

So ss the Square of the Radins , To the Square of she Cozangent of balf
the angle fonght.

Thefe Proportions are.publithed in -order to their Application to.
the Serpentine Line, which will be accomodated for the fudden ope-~
rating of any of them ; the Axioms to be remembred are not many,
the Reader will meet with their Demonftration and Application fn
Mr Newtons Tr:i%mmerr; now in the Prefs , and faid to be near fini-
(hed : The fout Proportions in plain Triangles, when three fides
are given to find an angle without the Cadence of Perpendiculars are
demonfirated in the 27 Se®ion of the late Mifcellanies of Francss
wvan Schootes. | '

The Conftru@ion of diverfe Inftruments will require a Table of the
Suns Alcitudes to the Hour and Azimuth affigned ; And for the Acu-

eate bounding in of the Lines , it may be a Table of Hours and Azi-
P2 muths
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muths to any Altitade affigned ;. for the “éafie Caleuthting Whereor,
Tam defired, for the eafe and bemefit of the Trdde', ‘to render this
part of Calculation as facil as I can, and'thérefore TP Handle it the
@oré largely. ey fo 2 U3 1 3l

To Calenlatea T able of Hair.r to all 'Jfrfimf_é; i all Litsitwdes.
~The x. Pioportion (hall be'to find the Suhs Altitade in Sums
mer, or Deprellion in Winter at the hour of 6.

Aithe Rdf-’im, To i‘»{#tﬁﬂ' af the L m’rié'e H e g
So th' fine of the Daclinarion, To the fine of the Aliiinde or Depre[fion’
Sorght
This remains fixed for afl that day che Stns Declination fuppofed
not to vary, and then it holds, :
A5 th: Cofineaf the Declination, Tothe S:cant of the Lavitude
82 in Summer is the difference in pinter the' [#m of 1he fises of the
Sani e Altitude projofed, and of bis AL:itnde o7 Depreflonas §
Tothe fime of the h:wr from 6 towsrds houn'in Winter, ahdin Shmmrer
alfo, When the given Altitnde is grearer thén by Altieile of 6, bt
when'st is lefs towards midnighs,
Thit Proportionalfo holds for Chlculating the Horaty diftaneé of
any Star from the Meridian. %4 6 2

Inl ke wanner to Calcala e the A—tr:'mlz_i?-

c.)?; the [ine bf the Laﬁtﬂd’rl To ﬁm qf the Diclination
§o s the Radins, Ta the fi ¢ of the Suns Alvitnde or Deprffiin in the
prima Vertical, thas s, besng Eaft or w32, °

This remains fixed for one day.

Tseh s A2 the Cofine of the Altitnde, Tothe angent #f the Lafis
Thd: s : b
Soin Summer is the difference | andin Winter the [um of the fines of
the Suns Alisinde propo/ed, and of his Vertical Aliitude or De-
yreffion, Tothe fine of the A% msth towiards no:n Mevidian in Win.
ter andin Summ:r alfo, when the given e Altirnde is greaver then
the Vertical Alritude or Depreffion , bus when it isdefs towards
" Midnight Meridian, This
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. This Proportion ig general eithier for Siin or Star¢; when the De-
clination is lefs then the Laticude of the place ; But when it is more,
fay as before,
Assbe fine of choe Latitade, Tovhe fine of th: Declination :
Sossthe Radius, Toafourth We :f] call it a S-cant.
Joaheifsbsant »d gain, -
- eAsCofine Altisude | Tothe Tange t of the Latitude: Soin decli=
- mations towdrds vhe Depre([d Pile & the fum ; but towards the
Elevared Pole the diffivence of this Secant, and of the fine of the
Swn or 8 ars Aliitade, To the fine of the Azimuth from the Verti-
oal towards the neoy; Meridian.

Before Application'bemade;  the latter part of thefe Proportions -

beirg of my own péculiar Invention , and of very great ufe both for
Calculation, and Inftrumentally, it will be neceffary to demonftrate
the fame.

For the Hour from the e Anslemma.

Having in the Scheme annexed drawn the Equator and Horizon,
the two prickt Lines paffing through the Center , asalfo the Prime
Vertical and Axis , the two fireight Lines paffing through the fan.

33

e

— e i = EEr s Sy s v
e P T S Bt e T - - g - 5 —
i e o e " e e e T -3 == — : T
s _— - rpil— | — - 3 - - = g
o e i : =
" it — 4 2 S = a — —
T ;

T
L
i
::EI




s et T

110 Cafes of Spharical Triangles] -

Let 1 X and L M, reprefent two Parralells of DeclinationOn eaéh -
fide the Eqnator , and O X a Parralel of the Suns Altitude inSum= -
mer, and P Q of his Depreffion in Winter, at the hour of 6, becaufle
thefe Parralells pafs through the Interfe@ion of the Parralells of De-
clination with the Axis. LetR S bea Parralel of Altitude afters,
and TV aParralel of Alcitude beforeit; from the Interfe@ions of
thefe Parralells of Altitude with the Parralels of Declinationfet fall
Perpendiculars on the Parralells of che Suns Altitude or-Depreflion at
6., and then we (hall havedivers right Lined right angled Triangles
Cooftituted in which we fhall make ufe of the Proportion of the fines
of angles to their oppofite fides anAxiomof common demonfration.

Inthe Triangle AF E, oA’ the fine of the angle ar F the Radims,

Taits Oppofite, (ide A E, the fine of the D:clination : Sothe) fine of she

Latstude the angle at E to AF, the fine of the Suns Alvitnde at 6.

Again in the two Oppolite Triangles A B C, che (maller before
the greater after 6.

As sbe Cofine of the Latitnde the [ine of the angle at A,

To its Oppofire fide B.C, the differemce of the fines of the Suns Altitnde at
6, and of his prepofed Altitude ;

8o 4 the Radius fine of the angle ar B,

To C A, the fine of the hour from 6 in the Parralel of Declination in the
lower T riangle before,in the nppir after 6.

So in the Winter or lower Triangle ABD C,
As Cofine of she Larstnde fine of the angle at A,
ToB C, the [um of the fines of the Suns Depreffion at 6 BD, and of bis
givin Alsirnds D C:
So 15 the Radins the fine of the angle at B, To A Cyhe fine of she hour
from 6 towards moon in the Parralel of Declination,

The fine of the hour thus found in a Parralel , is to be reduced by
another Analogy to the common Radius, and that will be,
As the Radsus of the Parvalel 1 A, the Cofine of the Declination,
I to vbe common R adins E K : 1 44 e
S is any other fine inthat Parralel,
Ta the fine of she [aid Areh to she common Radivs,

Now it refts to be proved that both thefe Analogies may hcr_ell:d-
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ced into'one, and that will be done by bringing the Refangle of the
ewo middle Tearms of the firfk Proportion with the firk Tearm under
ithem as an improper Fra&ion to be placed asa fingle Tearm in the

fecond Propo’tion,being in value the anfwerj fourd inthe Parralel,

and chen we have the Rule of three to Operate as it were in whole
Numbers and mixt.  TheProportion will run, -
As the Cofine of the Declinasion , To Radiss 2 So the (aid Improper

Frattion. Tothe Anfwer. .
and fo proceeding according to the Rules of Arithmetick.

The Divifor will be the Re&angle of the Cofine of the Dechnati-
on , and of the Cofine of the Latitude, one of the middle Tearms
would be the Square of the Radius , andthe other the former fum
or difference.

Now if any two Tearms of a Proportion be divided by a common
Divifor , the Dividends being Equimultiplex to the Quorients , the
Quotients bear the fame mutual Propoztion as the Dividends by 18™
Propef. 7 Enclid,

So in this inftance if the Re@angle of the Cofines both of che La-
titude and of the Declination be divided by one of thofe Tearms, the
Quotient will be the other, and if the Square of the Radius be divi-
ded by the Sine of an Arch , the Quotient will be the Secant of that
. Arks Complement ; So in the prefent Example, ifthe former Re&-
angle be divided by the Cofine of the Latitude , the Quotientis the
Cofine of the Declination, if the Square of the Radius be divided by
the fame Divifor, -the Quotient is the Secant of the Latitude,likewile
ifboth thofe Plains were divided by the Cofine of the Declination,
the Quotients would be the Cofine of the Latitude , and the Secant
of the Declination, it therefore holds,

As the Cofine of the Declinarion, To the Secass of the Lavitude,
Or, Asthe Cofine of the Latisude, Tothe Secans of the Declination :
So 15 the formey fum or difference of fines, Tothe [ine of the henr from 6,
Which was te be proved.
Corrollarie:
As the Radins , To the fine of an Archin a le[[er Cirele or Pararlell :
S0 g5 the Secant of that Parralell, Tathe fine of the [aid Arch, $0 the
common Radins. (xi A

‘Hence may be obferved a general Canon for the double or com=

pound -
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112 Cafes of Spharical Triangles!
Pound Rule of three, divide the Tearms intotwo fingle 3
placing two Tearms of; like Denominssion in each Rule ' and.the
other remaining Tearm may in moft Cafes. be pat among either.of
thefe two Tearms of like Denomipation , and then by.arguing whe-
ther like require like, or unlike,the Divifor in each fingle Rule; may
be dilcovered, and thenit will hold in all Cafes, * -
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As the Rellangle or Produtt of the two Divifors, 51 A

Is to the product of any two of the other Teapms s a o) bos
Soss the other Tearm lefs,

Zaothe Number fought,
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i A For the Azimuth.

Having drawn the Horizon and Axis , the two prffktf.inﬁ-, the
Vertical Circle Z N, and the Equino&ial £ /£ , the Parralels of De-
clination I K and L M, draw T V a Parralel of lefler Altitude then
thatin the Vertical, and R S a Parralel of greater Altitude; Draw

mw o S Cue et S Y
——— T
e —

=

P P

i alfo P Q_a Parralel of Depreffion equal to the Vertical Alritnde, in
141 the point C aboue theCenter the Point A being as much below itb,e-
ing the peint where the Parralel of Declination interfes the Verti-

cal
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‘¢al Gircle; and from the point Cin the leffer parralel of Altitude, le©
fail the perpendicular C B on the parralel of Dzpreftion P Q_,by this
means there will be Coottiruted diversright lined , right angled Trie

“angles , and through thofe Points where the-parralel of Declinarion,
an§ parralels of Altitude inter(e&, are drawn Elipfes prickt from the

* Zenith to reprefent the Azimuths, and in the three feveral Triangics
thus Conftituted the fide A B meafureth the quantity of the Azimuth
in the parralel of Altitnde, and B Cinthe two upper Iriangles is che

difference of the fines of the Suns propofed Altitude , and of bis Al-

titude in the prime Vertical : Butin the lower Triangle. thefom of
them, it then holds by the Proportion of the. fines of Angles to their

-oppofite fides.

In the two upper Triangles,
As the Cofine of the Lasitude, t' e ine of the anglear A,
T o its oppofite fide B C, the difference of the fines of 1he Suxs Virtical,
and of his propofed Aliitnde :
So i the fine of the Latitnde, that-is the fize f the anglear C,
Taits oppofite fide B A, .the fine of the Azimuth from ihe Eaft and iveft,

And the likein the lower Triangle , oncly there the third Tearmn
B C, is the fum of the fines of the Suns Vertical Depreflion, and of
his given Altitude:

Such Proportion asas the Cofine of an Ark doth bear to the {ine
of an Ark, doththe Radios bearto the Tangent of the faid Ark,
this being the Canon by which the natural Tangents are made from
the natural fines, and therefore we may change the former Propor-
tion, and inftead thereoffay,

As the Radins, To the Tangent of the Latitnde
Sothe faid fum or difference of Sines,
T the Sine of the Azimuthin the Parralel of Altitnde :

The anfwer falling in a Parcalel or leffer Circleis to be reduced to
the common Radius by another Analogy, and that s
oA's the Cofine of the Alsiinde (the Radins of the parralcl)
Tothe Radius :
Soany fine in the faid parralel,
Tothe like fine inshe common Radius.
Now it is to be proved thag both thefe Proportions.may be broughe
Ln
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into one, and that will be as before, by making an improper Fra&ion-
whofe Numerator thall bethe Re&angle of the two middle Tearms:
ofthe former Proportion, the firft Tearm, viz. the Radins being the

Denominator, and placing this as the third Tearm in the fecond Pro-
portion, and then thofe that underftand how to operate the Rule of
three in whole Numbers and mixc , will find their Divifor to be the
Re&angle or Produd of the Cofine of the Altitude, and ofthe Ra-

dius, and the Dividend the Produ® of the three other Tearms, name-
ly, ofthe Tangent of the Latitude, the Radius, and the former fum:
or difference of fines, whence it holds,

As the Rellangle of the Cofine of the Aliitude, and of the Radins,
Isto the Rectangle of the T angent.of the Laritude , andof the Radins ;
S is th: former [um or difference of fines, |

T o the fineof the Aximnth,

The Reader may prefently efpy that the two former Tearms of
this Proportion may be freed from the Radius by dividing them both:
thereby, and the Quotients will be the Cofine of the. Alticude , and
the Tangent of the Latitude, | '

I't therefore holds,

As the Cofine of the e Altitnde, Tothe Taugent of the Latitnde ;

8o in Summer is the difference,in Winter the fum of the fines of the Sans
Vertical and propefed Altitude, To the fine of the e Azimmth from the
Vertical,

This is general either for Sun or Stars, when their Daclination is lefs
thenthe Latitude of the plage ; but when it is more, the Cafe doth
but little vary, '

Inthe Scheme annexed fitted to the Latitude of the Barbadbs having
drawsn H Hthe Horizon, P P the Axis, /£ & the Equator, Z A the
Vertical draw two parralells of Declination F R, K A continued il
they interfect the Vertical prolonged, draw the parralel of Alitude
B ©,and parralel thereto from the Point A draw A E, Then doth the
Jatter part of the Proportion lye as evident as before,

Intheright angled Triangle CG F right angled at G,

Asthe fine of the Latitnde the angle at F,

Toits Oppofite fide CG the fine of the Declination,

Sothe Radins the angle a1 G, To the Secams CLF.

| Again,
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Again in Summer.

r ' Latitude the angle & ©, |
5‘4: :f:g;ﬁfﬁéf D EHFT r;:: d?ﬂ":fmf: besween the ﬁrmrr Secant and

the fine of the Alritwde :
; be Lasitude, the angle at F, Wi
';f,iihfpfﬁr:?d: D @, the fineof the Azimush fromshe Vertisalsn

she Parvalel of Altitwde,
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3115 *Cafes of Spheerical Triangles.
"~ InWinter,
oA Cefige Latitude anglear A, ' 9 '
L0 BE the fum of the former Sccant cqual toEM , and of the fin? of the
Aliinde MB :
80 1 the fine of the Latitude the angle B,
To A'E, ¢qual1oB Drhe fineof the Aximuth in & Parvalel as bef.re;
Vo be yedseced to the commion Radivs, -

From this Schem may be ob‘erved the reafon why the Sun in thofe
Lstitudes upon fome Azimuths hath two Altitudes, becaufe the Par-
ralel of his Declination F R interfects, and paffech through the Azi- -
moth, namely, the prickt Ellipfis in the two points S, ®.

Lmow proce:d to the Ufe in Cal:w'z:ing a Table of Hours.

For thofe that have oceafian to Calculate a Table of Hours to any:
efligned Alkitnde and parralel of Declination, it will be the readieft

way to wrire do vn all the moveable Tearms firlt, asthe natural fines - .

of the feveral Altitudesina ruled fheet of Paper, and thenupona
peice of Card to write down the natur:l fine of the Suns Altitude at 6
and removing to every Altitude, get the fum or différence according-
ly, which being had , feek the fame in. the natural fines, and write
down the Log™ that {tands again(t it, then upon the other end ofthe -
picce of Card get the fum of the Arithmetical Complements of the
Logarithmical Cofine 6f the Dzclination, and of the Logarithmica
Cofine of the Latitude, and add chis fixed Number to the Logi¥e be-
fore wrote down; by removing the Card to every one of them, and
the fum is the Logme of the fioe of the Hour from 6, it the Logmes
be well proportioned out to the differences which may be fufficiently
cone by guels.
Example,

Comp Latitude 38! 28" A» Camp—o0, 2061683
Comp Dclinat 66, 29 Ar Comp— 0,0376572

fixed Number———- ——,2438255
Let the Altitude be 36° 42" Nat Sine 5976251 |
Natural fine Aleitude at 6—-——3124174

difference ~——2852077 Loz azaint 9 45570441

Sine of 3'1}*‘ the honr from 6 towards noon - —— 9, 6988695
: Another ¢
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Anithéir Example,

N S Akitude at6 3124174
Let the Altitade be 13946'N S 2379684
difference 744490 Logm. — 8,8715646
The former fixed Number -————0,2438155
Sine of 74 30" the hour from 6 towards midn'ght  9,1153931
b%c;u[': the Alticude is lefs then the Altitude
or 6.

This method of Calculation will difpatch much fzfter then the com-
mon Canon , whenthree fidesare given to find anangle; the Azi-
muth may in like manner be Calculated but will be more troublefome
not having fo many fixt Tearmsin it, and having got the hour, the
Azimuth will be eafily found ; in this Cafe we have two fidesand an
angle oppofite to one of them given , to find the angle oppofireto
the other, and the Proportion, will hold,

Az the (Cofine of the Aliirude,

To the [ine of the'bowr from the Meridiin :

So the Cofine of the Declination,

T o the fine of the Azimuth from the Mcridian:

o' And in this Cafe the three fides being given, we may determine the
affe@ion of any of the angles.

1f the Sun, Or Stars have declination towards the deprefled Pole,
.tﬁl:E Azimnch is always Obtufe,, ard hebour andfangle of pofitior-

cure,

ifche Sun, ee. bave declination towards the Elevated Pule, bue
lefs chen:the Latitude of the place theangle of Poficionis always
acute, the hour before 6 obtufe, the hour and Azimuth between the
Altitnde of 6, and the Vertical Altitude both acute, aftérwards: the
hour acute, and the Azimuth obtufe. .

But when the Sun or Stars come to'the Meridian between the Ze-
hich and the Efevated Pole, as when their declination is greaterthen
the Latitude of the place, the Azimuth is always acuze, the hour be-
fore 6 obtufe, afterwards acute:

The angle of pofition from the time of rifing to the remotelt A zi-
muth from the Meridtan is acate, afterwards obrufe.-

] : Anather
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Another General Propirtion forthe Hour,
As the Radim,
7 o the T angent of the Lavitude : ,
So the T angent of the Suns declination,
T o the fine of the baur of rifing from fix:

Again.

To the Retangle of the Cofine ef the Latirnde , and of the Cofine of rhe
declination, Istesthe Square of the Radius: Se is the fime of the Alri-
twde, Tothe difference of the Uerfed fines of the Semidinrnal Ark, and
of the hour fought. .

Having got the Logarithm of this difference, take the natural num.
ber out of the Sines or Tangents that ftands againft it , accordingly as.
the Logme is fought , and in Winter add it to the nataral fine of the
heur of rifing from 6, the fum is the natural fine of the hour from 6
towards noon.

In Summer get the difference between this fourth and the fine of ri-
fing from 6, the faid difference is the natural fine of the hour from
6 towards noon, when the Number found by the Proportion is grea-
ter then the fine of rifing, towards midnight when lefss

The Canon is the fame withous Variation as well for South decli-
nations as for North, and therefore we may by help thereof find two
hours to the fame Altitude.

Example,
Comp Lat 384 28’ Ar Comp Sine— 32061683 °
Comp declin 79¢ Ar Comp -, 0112761
fixed number.-—— » 2174444
Let the Altitude be 14d 38" Sine 9, 4024889
‘Natural fine againtt it 41660, 00 9,6199333

Nat fine of rifing from 629058, 79
Sum—————70718, 79 N fine.of 454 the hour from
fix in Winter.
Difference— 12601, 21 Sine of 74 14’ the hour from 6
in Summer towards noon

¢o the former Alticude,and like declination towards Elevated Pole.
' Another
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Awother Example for the fame Latitnde and Declination.

' Logme
Let the Altitude be 20! 25" Sing——— i, §426321
The former fixed Logme——- - ——2174444
Natural fine a%ainﬁ'it 5754811 % Sum-—r9i 7060765
Natural fine of rifing —— 29058795
Sum 86606090 fine 60* the ho from 6 in Wint

Difference — 2848093 2 fine 1643 3" the hour from 6 1n

- Summer towards noon ;

And thus may ewo hours be found at one operation for all Alti-

tudes lefs theo the Winter Meridian Altitude , to be converted into
ufual Time by allowing 15* to an hour, aud 4" toa degree.

To C'J!miur? a Table of the Suns Altitudeson all Honrs.

As she Secant of the Latirude,

- Toshe Cofine of the Declinarion,
g - Or which is all one,

eds the Square of the Radins : Tothe Retangle of the Cofints, bothof
the Laritude and of the Declination s So is the fine of the bosr from 6.
' Toafowrsh, namely, ‘in Summer the difference of the fines of the
Sugs Altitude at 6, and of the Alcitude foughe, in Winter the fum of
the fines of the Suns Depreffion at 6, and of the Altitude fought.
Having wrote down the Logarithmical fines of the hour from 6 on
the Paper, at one end of a piece of Card may be wrote down the fom
of the Logarithmical Cofines of the Latitude and Declination , and
add the fame to the fine of the 'hour rejecing ¢he doudle Radius,
and take the naturalfine thac Rands againft the fum fou ghtin the Lo-
garithmical fines ; having this natural fine, getthe fum and diffe-
rence of it, and of the natural of the Suns Alticude at 6, the fum is
the natural fine of the Altitude for Summer declinations, and the dif-
ference for Winter Declinations when the fine of the Suns Altitude 1§
¢he leffer : But when it is the greater, the faid difference is the natu-

ra) fine of the Altitude for hours beyond 6 towards midnight.

Ep
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Ecample,
, ; R
Complement Latitude 38' 28" Sine —9,7938317
Compl Declination 66 29 = Sig¢ ~———=9, 9623428
fixed Logme— 19,7561745
Let the hour be 30* ¢hat is 2 hours before and afterd 9, 69897c0

fix in Summer fine

e m———

. Sum e 9,455 1445
Natural fine againft it—2851308
Nat fine of the Altitude] 3124174

at 6 — —
Sum —— — 5975482 Sine of 363 42

Difference— 272866 Sine of 1 _34}bcing the
two Altitudes for 4 and 8 in the morning or afternoon, ir Summer.

Another Example.
Let the hour he 45¢ from fix  Sine— . 9, 8494850
the former fixed Logme - — ———~————19, 75617435

N Sine againlt it &4@33791} Sum—9,605659§
‘N Sine of Altitude at 6—3124174 | —
Sum 7156965 Sineof45° 43
D.fference — 908617 Sine—5 .13 § being
the two Altitudes for the hoursof 9 or3 in Summer or Winter for
Declination 23" 31° both towards the Elevated and Deprefled Pole.

By the former Canon was the following Table .of Altitudes calcu-

fated, and that with much celerity beyond any other way , it will not
be amifs to Calculate the Sues Altitude at 6 by the natural Tables.on-
lv . however the Logarithms will accurately difcover the natural fine

of it, if duly Proportiored by the differenceé.
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oA Table of the Swns Alsitudes for each Hour and quirter for

the Latitude of Londons
North, o South,
Drelination: 235 31|, 13 |Eqeator| 137 3 51

KL ot 5930, 288, 2825, 28 _fia 51X
- 61, 4951, 2138, 2:i25, 20 |14, §2
* 61, 2359 5938, 425 8 |4,
. ]60, 40/59: 24137, 36/34 43 |14,
1. 5o, 4349, ‘3636 5624, 10 |3, 48 XF.

319
18/

, 2948, 3506, 5133. 26 |13, 9

4la7, 245, 4225 34 |iZ - 23

55, 2046, 1p3 §321,° 33 i1, 39
w53 Vdslal iz, 36ho.l 25 o) 28X
islj- 53{421 5] 31, 8!‘9: S 91 19
49, 5441, 4229, 3417, 44 |5, 3|

47> 51']39. Ml S seito) T14%0 L EEC 4]
I -4y, 4237 13126, 614, 35 |5 shgakd
l41, " 3135, | 9P24y. 12412 55 3,5 .39
41, 1633, 2122, 1§|1L,; ) L' 59

b e e Sl B B 8 ¢
ML (36, 4228, 398 77, 17 | |,
34, 2326, 32/i5, 5850 17 o
32, 4 24 5113, 46| 3, 12 {
29, 4321, 4611, 32( X, 4. |
) 2 17, 2319+ 27| 9, 16| VI |

|

e, || i —e

25, 417, 7|6 38
22, 4614 4704 39
11'-0, :'.Eirz, 27| 2, 20
18, « xal10, - 9o, oo VI

15, 531_'}1__-5_;_r
131 46 5: 3'4

VI

11, 37| 3, 29
ViL. (9, 30% 7 V. o/ 8
7, 2% Degli= | Aftenfionall
el 2 nation,| d fferemce.
3, 27 131 6 54
v VIIL. |1, 34 I, 23, 3133, 12 1 T T




oA Table of the Suns Ale'tudes fer cvery § degrees of Azimuth

frem the Meridias for the Latitnae of London,

North: South. J
D clinarion,) 2,831 | 13% | Equagor] . 13% | 2343V
Mer_ Ale |61, 5951, 28 38d 28" | 254, 28 | 144, 57
§ |61y 5551, 23( 39, 21|25, 31| 14,49
10 fﬁl’ 42151, 7] 1382 Z4.°57 | ¥4, 22
1§ 161, 21150, 401 37, 30 | 24, 20 | 13, 39
20 lﬁo, s1{50, 3|36, 44| 23, 27| 12,39
25 |60, 11149, 14|35, 45 |23, %6 | 11,19
30|59 21148, 13|34, 32 | 20, 51| 9,43
35 (58, 20]46, 59|33, 3|19, 7| 7,46
40 5?3 7 45: 31 311 19 I?l 7 51 3‘
45 !55, 43]43, 50| 29; 19 | ¥4, 50| 2,57
5O |54y 3|41, 53|27, 3|12, 13| o, 03
55 (52, 7139, 39| 24, 30 9y 21
23 6L|f,91 56 37 % 2l, 40 6, 11
65 |47, 27|34 22| 18, 34 2, 46
70 44, 39|31, 18| I5, 12
75 _'41, 34127, 58| 11, 37
8o |38, 10|24, 33| 7, 51|
85 (34, 32/20, 38 3, 59!
90 30 3916, 42
95 20, 34|12, 40/
Too 23, 28| 8, 41
_Yos 18, 20| 4, 44 Declinat | Amplitude.
110 14, I5] O, 54/ 134, atd, 12’
11§ 10, 19 | !’ '
120 | 6. g6 | 23, 31 | 39% 54
23 o 1
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Many Tables may want the natorall Tab les flanding againft th®
“Logarithmicall ; therefore the method of Calculation by the Lo-
garithmicall Tables onely, is notto be omitted , albeit we wave the
common Proportions, when three Sides are given to find an
Angle.
general Proportion derived from the book of the honorable
‘Biron of cMarchiften, which may bee wrought on aSerpentine
Line whithout the ufe of Verfed Sines, or finding the half diftance
" ®erween the 7 Tearmeand the Radius, not encumbred with Re-
&angles, Squares, or Differences of Sines, or Verfed Sincs.

Three Sides to find an Angle ; two of them or all three being
leffe then Duadrants.

By a fuppofed perpendicular, which need not to be named.
As the T angent of kalf the greater of dbe contaning fides,
T'o the Tangent of the balf [um of the oth:r (id:s:
8o is the Tangent of balf their difference,
T'o the tangent of & fo.rih Arke.

If this Arke be greater then the halfof che firft affumed fide;
namely, then the Arke of the firft Tearme, in the Proportion, the
( Sappofed perpendicular falls without ) Aogles oppofite to the two
other Sides are of a different Affe@ion, the greateft fide fubtending
the Obtufe angle, and the leffer the Accute.

1f the Angle Oppofite to the greater of the other Sides be fought,
Take the difference ; if to the leffer, the Sum of the 4" Arke, and
of half the containing Side, which half is the firft Tearme in the
Proportien,

Then
Asthe Radins, Totbe Cotangent of ths other Contaiming Side :
So the Tangent of the faid Sam or difference,
T o the Cofine of the Angle [onght.

The firft Tearme above needs no Reftraint, but when one of the

Containing Sides is greater then a quadrant : _
1f the 4™ Arke be lefs then the half of the firft affumed Side, the
T R 2 Perpendicular
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Perpendicular falls wichin, in this Cafe, thetwo Angles, oppofite to
the two other fides may be found, being both Acute,

Getthe Sum and difference of half the firft affumed Side, and of
the 4 * Arke, the Svm is the greater Segment, and the Difference

or refidue, the leffer Segment; the Perpendicular alwayes falling
on the fide affumed, firlt into the Proportion 3 Then,

As the Radins, To the Cotan_ent qfrfa.-:{ grm”rgaflﬁt othey

Jrﬂ-ﬂ
% e . i = !g?’hﬁf:tr
Cﬁnf‘”h‘iyg Siﬁ!l.r-.rjtgﬂ' &) r;;' Tﬂrgf’rr Ef‘f.l'}';Jf 1 !-ﬂ}r }ngmf”‘-
2o the C_f Jine of the A g iz foughe,

Frow ré.-_;”& gin ral “Diveflions 1 devived this Canon
for meiﬁ!f*grk: Azimuih, '

eAs the T angent of half the omplemen' of the A'titule,

Z'o the Tangent of the hali fum of the Sunor Stars diftance from ths
elcvated pole, and of the ¢ ompl m nt of thé Laiitnde 3

So s the Lang n' of balf their diff rence,

o the Tangent of a 4.b Arke,

Ifthis Ark be lefs then half the Complement of the Alticude, the |
Azimuthis Acure ; if more obrufe, in both Cafes, gert the difference

of thefe two Arkes, if there be -no difference, the Azimuth isg9o!
fmm:he]‘vicridian; Then,

edstie Radius, Tothe Targent of the Latitude ;
So the Tangent of the [uid Arke of d.fference,
2 0the Sine of the Azimuth from the prime Verticall.

This when che Sun or Stars do not come to the Meridian be-
tween the Zenith and the elevared pole : buc when they do, Ler the
fum of the 4'b Ark, and of half the Complement of the Altitude, be
the third Tearme in the lateer Proportion,

This is a ready Way to Calculate a2 Table of Azimuths; two
Tearms in each Proportion being fixed for one Declination ; and
the Azimuth being known, the Hour may be found by a fingle Ope-
ratign, .

s
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oAt the Cofine of the Declination,

s to the Sine of the Azimwth, from the Meridian:
Sois the Cofine of the Altitude,

. To the Sine of the Hinr, from the Meridsan.

Example; for 134 of North Declination.

77¢ Complement of Declination the Polar diftance.
38, 28 Complement of Latitude at Londos.

115, 28 Sum: half fum 574, 44" Tangent 19 1997231

38, 32 difference : halfdiff* 19, 10 Tangent 9 §5434¢54
fixed for that declination ———~= —— 19 ~43222%

Altitude 44, 44° Comp; 854 16’ half 424 38 Tang. 9, 9640817
Taogent of ——+—— 3L T —~ 9, 7791414

difference ——— 11,37 Tangent 9, 3129675

Tangentof 51° 32" the Latitude . 10, 0999135

Sine of = 1§% the Azimuth 9,4128810

from Eaft or Weft Norchwards, becaufe the Ark found

by 1ft Operation was lefs then half tlie Complement

of the Alticude.
aAnather Example for the Als nde 344 22
Log™
The fixed Number ——————19, 7433225
Compl. Altitude 55" 38" half 7 27, 49% Tangent - 9, 7223147
Tangent of —— 40, 10, 0209078
Difference _ 18, 34 Tangent” 9, 5201900
Tangent of the Latitude——— =10, 0069135
The Sine of 25¢ the Azimuth from ———— ‘9, 6261101

Eaft to Weft Southwards becaule the ficlk Ark was more
then half the Coaltitude.

The hours to thefe two Azimuths wilt be found  § 984, 54" ¢ from
by the latter Proportion to be so, 9 & Noonm

i —— —

Ta
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To (alculate the Suns Aliitude on all Hottrs and Ax'muthys,

The firft operation fhall be ro find fuch an Arkas may remain
fixed in one Latitude to ferve to all Declinations in both Cafes: So
that but one Operation more need be required.

The Proportion to find it s
As the Radius to the Cotangent of the Latitude,
So 15 the Sine of any Honr from 6, c» Aximuth from the Pertical
Tothe Tangent of a fourth Ark,

This 40 Arke (if the Azimuth be accounted from the Vertical
thatis, from the points of Eft or Weft towards noon Meridian j
Is the Altitude that the Sun (hall have, being in the Equino&ial
upon that Azumuth, and fo one of che Quefita. :

If the hour from 6 be accounted upward on the Equino®ial, this °
4% Ark is the ark or portion of the hour Circle, between the I:"qui..
no&ial and Horizon.

This Atk for Hours and Azimuths beyond 6, or the Vertical
towards the midnight Meridian, is the Depreflion under the Hori.
zon, according to the Denominations already given it. '

For the Alsitudes on all Hours.

When the Sun is in the Equino&ial ,
Agsthe Radins, 15 tothe (ofine of the Latitude :
So is the Sine of the Hour from 6
T o the Sine of his Altivnde.

In all other Caler,

If the Hour from noon be {T:E'}:h:n 6 Subftra® the Equj-

notial Arks that Correfpond to fich parts of time as yon would
Calcu]au:ﬂ.&altitudts for; out of the Suns diftance from the
D W
Elecl:r;i:; .Pole, and then it will hold,
eAs
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As the Cofine o the Ark found by the firf common Proportion,
Fstothe Cofint of the Ark vemaining ;
Soisthe Sine of the Latitude,
T o th- Sine of the Altitude fonghts |
For the more fpeedy Calcalatinga Table of the Suns Alticudes for
this Latitude to any Declination,there is added a Table of thefe Equi-
no&ial Arks for every hour and quarter, as alfo for every §¢ of Azi-
mauth ; Theofe whereof (hall be illuftrated by an Example or two,
obferving by the way , cthat the fame Ark belongs to two hours alike
remote on each fide fromf(ix , asalfo like Arks to two Azimuths
equally remote on each fide che Vertical.

127

Hours on cach fide fix, Azsmuths on each [ide the Vertical.
VI | o, 0o | fized TR 1|
Sy 5§ | Arks. 5 ‘|3, 59 |
: sy 49 10 .7y §1 |
NI, 37 |V _I15 137
14, 19 s |
16, $5 L 010 08, 52
19, 22 11725 | 38, 34
VIII |31, 40 {IILT | 30 | 21, 40
23, 49 |
35, 48 3501 a4, 30
27, .39 40 | 27,3
IX |29, 19 |TII 45 | 29, 19
o 3o, 52 | g L AR
Szl 13 I SD 311 19
33, 27 1. 5§ 33, 3
X |34 32 |II | 6o 24, 22
35 28 !
3*:- 17 | 65 3;. 45
36, §7 70 30, 44
X1 137, 30 |I 7§« | 37, 30
371 58 1 e
331 13: 8o 381 2
381 34 || 8s 38, 21
XIT |38 28 12 Lggris V|5 48

Equinodial Akitudes or Depreffionss

Examples

b |
|
i
i
1

S
|-|$
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L
1
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o _ Example. .-
Admit it were required to Calculate the Suns Altitade for 3 or 18
of the Clock, when his declination is 23 31/ North, i o2
Suns diftance from the Elevated Pole—66:.29
fixed Atk for2or1ois ——a 34t 32
Refidue ' AP 1, X
Complement of the Refidue 58' 3¢ Sine-—=+—-9,9286571
Sine of: _ st 32 theLaticude- 9,8937452 |
ath v 198224023 |
Sine of- 55 28 Comfirftarkg, 9158200
Sine of -————————5§3 * 45 the]— 0658
___Alitude fought : s
Soif it were required to Calculate the Suns Aftitude for the hour.
of 5 in the morning when his declination is 20! North
¢ diftance from depreffed Pole—110"
o fixed Ark T N |

The Refidueis 814, 33/ Or———98 23

Sine of 84, 23/ the Compl of the Refidue——9, 1637434
Sine of the Latitude . 98937452 ~
' 3 : 19,0574886
Sine of 781 237 the Compl fixed ark —9,9910119._
Sine of 6 42/ the Altitude fought- —————9, 0664767

Forthe Altitudes on all Azimmshs,”

Asthe Sine of the Latitude,
Ts to the Cofine of the Equinoftial Alsitnde :

So # the Sine of the Declination,

Tothe Sine cf afourth Ark, Hipd _
Get the fum and difference of the Equino&ial Altitude , and of

this fourth Ark the fum is the Sqmmerﬁltitudﬁ for Azimuths from
the Vertical towards noon Meridian,

4 i ks AR :
The difference when this 4 Ark:s‘ ardater % thenthe

Equino&ial Altitude is the %E;:S:::r E‘Altitud: fdr Azimuths

from the Vertical mward_:,}ﬁ?gr: gh:}Mtriﬂian’ v Bt
' : , Example.
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.Exrimpfh

Let it be required ro Calculate Altitudes for the Suns Azimuth 30°
from the Meridian, that is 6ot from the Vertical for Declination 23°
31/ beth North and South.

This will be fpeedily done , add the Logme of the Sive of the De-
clination to the Arithmetical Complemert of the Logme of the Sine
of the Latitude this number varies not for that declination; and to the
Amount add the Logme of the Cofine of the Equinoétial Alcitude ,
the fum reje@ing the Radius is the Logarithmical Sine of the 47" Ark.

: Sioe Latitude 4r Comp— 0, 1062548
Sine declination —— —9, 6009901 _
Sine of §5* 28 the Complement 9, 7072449
of Equino&ial Altitude - —— §9, 9158200
Sine 24’ 49’ —— 9,6230649
. Equino& Altirade 24 32
it Sum——————§9 21 (dSummer ) Altitude for that
Difference~——9 43§ Winter { Azimuth.

-

Another Example:
The former Number ———-——9, 7072449
Sine 78 23/ Comp of Lquino& 9 9910119
Altitude for 15¢ of Azimuth———-———
Sine of 29! 57— ——— 9,6982568
EqAltitude 11 37
Difference—18 207 The Sumaier Altitudes for 15' Azimuth
Sum—————41 34§ each way from the Vertical to that de-
clination.

T be Swns Declination 20 Noreh to find bis Altitsdes for 15" A%
muth on each [i e the Vertical. .

Sine.of 51! 32/ the Latitade Ar Com-——0, 1062548
Sine of 20! the declination 9,5349517
Sine of 78! 23/ Comp Eq aAltitude—-——9, 9910119
Sine of 254 20/——9, 6313184

S 1 Sine
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Cafes of Spherical Triangles.

Sine of ——— 244 2¢/

Eq Alritude—11¢ 37

D .ference —13 4377 The Summer Altitudes for 15' Azi-

Sum—- 36 575 muthon each fidethe Verticalto
that Declina 1on.

By the Arithmetical Complement of a Number is meant a refidue
which makes that firft Number cqual to the other =

Ard foif from a number or numbers given another Number is to’
be fubltraQed, and inftead thereof a third number added, the totall
{hall be fo much encreafed more then it fhould by the fum made of"
tlte rumber to be fubftracted, and of that was added :

har is to fay, in chis lat Example inftead of fubftraing the Sine
of the Latitude from another (om we 2dded the relidoe thereof, be-
ing taken trom Riad us thereto, and'fo increafed the Total too much
each rime by the Radius, which is eafily rejected.

Ifthe Son or Starscome to the Meridian between the Zenith and
the Elevzted Pule, as when their Declination is more then the Lati-
rude of the place, the former Rule of Calculation varies not only the
fum of the Equino&ial Alticude, alias, the fixed Ark, and of the Ark
fourd by the fecond Proportion willbe more then 9o’ In this Cafe
the Complement of it to ¥80dis the Altitude fought,

Adoxble Advertifement.

The Daclination towards the Elevated Pole fuppofed more then
the Latitude of the place.

If the Complement of the Declination be more then the Latirude
of the placcalio, asin this cafeit alwaysis for the Sun ; theSun or
foch Stars thall have two Alticudes on every Azimuth between the
Coaftofrifing or fetting, and the remotelt Azimuth from the Meri-
diany To find-what Azimuths thofe (hall be,

As th: Cofine of the Latitnde, To R adins;
3o 14 the Sint o the Declination, To the Sine of the Amplitude,
And So 25 the Cefine of 1he Declination, Tothe Sine of the remoteff
Azimuth from the Meridian,
Between che Azimmhofrifing, and the remotelt Az'muth, the an-
glecof Pufition is'Acute, afterwazds Obtufe, - &
g
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The Sunupon the remoteft Azimuth , the angle of Pofition being
aright angle, will have but one Altitude to find it.
A the Sine of the Decl nation. Ta Radius ;
So 7 the Sime of she Lati:ude, Tothe Sine o thar Aliitude,

Examplz,
In North Lacitude 1 3¢ of Barbado:.

Declination 204 North, the Suns Amplitude or Coalt of rifing €94
33/ from the North, or 204 33/ fromthe Eaft Norchiwards, and tus
remoteft Azimuth frem the North Meridian 24d 4 / His two Alir
tudcs upon the Azimuth of 744 from the Meridian 274 27" the e ffer
and 524 27 the greater , the fixed Ark found by the firft Operation,

bfiﬂg"" — - — — e EDJ 3’
And by the fecond Qperation the Ark found is —-—>——77 30
Diff:rence being the lefler Altitude is— —— 27 27

The fom 127¢ 33/ the Comp to 180d being the greater Altiss2 27
Altitude on the remeteft Azimuth —
Upon: Az muths nearer the Meridian then the Coaft of rifing or

fetcing. it need not be hirced that there will be but one Altitude.

—— e —— [ G

The Proportionfrom the §" Cafe of 0bligne Sphez ical Tri-
angles to find the Swns Altirude on all Azimuths wonld be

eds the (ofine of the Declination, To the Sine of the Azimuth from the
Mevidsan s o is the Cofine of the Latitude, Tothe Sine of the engle
of Pofsiion.
1n fuch Cafes when it will be acute or obufe isalready defined, and
where two Altitudes are required it will be both, and beirg accord-
ingly fo made, the Proportion to find the Alcicudes would be,

A5 the fi<é of balf the differerce of the Azimuth and angle of Pofirion,
“To the Tangent of balf vhe difference of the Polar diffance and Colatitnde
" So the Sine of half the [um of the Azimuth asd anzle of Pofition

To the Tangent of half the Complement of she Alritude.

 The Azimnth being an angle always accounted from the Midnizht
CMeridians but the former Proportion derived from the orker

Trigoromstry in this Cafe is more [peedy.
Such Stars as have more Daclination then the Complement of the
S 2 ¢ Latimude
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132° Cifes of Spherical Triangles,

Lati:ude never rife nor fee s if their declination be alfo more then the
Latitude of cthe place, they will have two Alcitudes upon every Azi-

much, excepe the remoteft from the Meridian , andthe Calevlation
the fame as before.

Exam, l¢ for the Latitude of London.

The middlemolt-in the great Bears Rump, declinttion 5E1 457,
The remoteft Azimuth will be 614 49 from the Meridian , and che
Altitude thereto 69d 26/,

Ifthat Star bave 30d of Azimuth from the Meridian,
The firft ark will be 34d 227 ,. : . .
The fecond ark— o1 39 }dlﬂfl‘tﬂce being the leffec Ale 27 7

Sum-—-—-— g6 ‘11 Comp the greater Altitode— 83 490
This will be very eviderton 1a Globe for havingireified it to the
Latitude extenda Thread from the Zenich over the Azimuch in the
Horizon, then tarn the Globe reund’, and fuch Starsas have a more
utmolt remote Azimuth from the Meridiaryand do not rife op fet will
pafs twice under the Thread , the Azimuth Latitade and Declingtion
being sfligned if it were required to know the time when the Star (hall
be twiceon the fame Azituch it ;may be found without finding the
Altitudes ficft by 6 h Cafe of Obligae Spherical Triangles,

As before get the angle of Rofition,
s the Sine of half the difference of 1he Complemens of the Latitude, and
of the Complement of the diclination.
Tothe Sine of balf their fum
Sothe Tangeut of balf the difference of the Azimuth from the Meridian,
and of the angle of Pafition,
Tothe Corangent of half the honr f4om the Meridian , tobe conversed

smto common time if it relase to Stars s Tneach Proportion thereis
two fixed Tearms. .

L he
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5 The Iinfiration bhow thefe two fixed Arks ave obr ined. i evident

. from the Analemma in the Scheme annex:d.

/& E reprefents the Equator.
H K the Horifon, P T the Axis, Z N the Prime,
Vertical S D a Parralel of North declination, @ anather of South,
declination, P S ®and P A N the Arks of two hours Circles between
fix and noon, and P DT another before 6. Inthe Triangle ELD
right angled , thereis giventheangleatE, the Complement of the
Laticude , the fide E L the hour from 6, with the right angle at L 1o
find the fide L B the ark of the hour Circle contained between the
Equino&ialand the Horzion by 11°* Cafe of right angled Spheerical
Triangles, the Proportion will be,
i i .
As BE Radsus, :
To £YH Cotangent Latitude :
So E L Sine of the bear from 6,
ToL B The Tangent of the faid Ark.

From Z draw the Arches Z S and Z© (being Elfipfes) through the

“Points where the Hour Circle, and Parralels of Declination inter ek,

and they reprefent the Complements of the Altitudes foughe, and lec
fall
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194 Cafes of Spharical Triangles
fall a Perpendicular from Z toR , then will PR be equalto L B | be-
caufe the Proportion aboveis the fame that would Calculate R P
Which fubftraéted from P S or P @ the Suns diftance in-Summer or
Winter from the E'evared Pole refts RS or R © : Nowin 2n Obl'que
Spherical Triangle reduced to two right angled Trjangles by the De-
miflion of a Perpendicular , the Ccfines of the Bafes are in dire&®
P[{}Pnrtign to the Cofines ofthe Hipnrenura!s a Cﬂﬂffql.]Enl:E derived
from the general Axiom of the Lord Nepier , and therefore it holds,

oA s the Cofine of the Ark R P, or BL , that we call the common
fixed ark,

Is torhe Sine of the Latitude, the Complement of Z P :

Sothe Cofinesf the Ark remaining, thit 1s the Complement of R §
or S O,

To the Sine of the Aliitud-, the ComplementofZSorZ @:

This for all hours under 9o ' from the Meridian , but for thofe be-
fore or after 6 in the Summer it may be oblerved in the oppofite Tri-
angles EANand E AT, counting the hcur E A each way from 6
that the Ark oi the hour Circle AN «qualto A [, as much asit is a-
bove the Horizon in Winter , fo much is it below the fame in Sum-
mer, and the Suns diftance from the Elevated Pole then equal to his
diftance from the Depre(fcd Pule now : and the Zenith diftance then
equ:l to the Nader ditance now, as is evideat in the Triangle T N D,

So that in this Cafe the Sun is only fuppofed to have Winter inftead
of Summer Declination, and the Rule for Calculating his Altitude
the fzme as for Winter Alcitudes.

In like manver for the Az muth.

In the Schem following H Q reprefents the Hor'zon, £ F the Equa-
tor, S G a Parralel of Summer declination , 2od anocher pailing
through M of Winter declination, ZS L and Z N A ‘two Azimuths
between the Vertical and Noon Menidian, Z K [ N another berween
it and the Midnight Meridian', from the PoiotsSM L Ift fall the Per-
pendiculars S D, M O,1 G repsefenting the (& Diclination in the El-
lipfes of feveral bour Circles ; SowillLS, ML, A K, reprefent the
Alucudes of thefe 3 Azimuths1efpeively, according to the proper

' & De-
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Declination , for the finding whereof there is given inthe Triangle
ELR the fide ELthe Azimuth from the Vertical theangle BEL,
the Complement of the Latitude and theright angle, and the Propor-
tion by 11th Cale of right angled Sphcerical Triangleis

eAs EH the Radises,

ToH L the Cotangent of ths Latitude :

So B L the Sine of the Azimu:h from the Verrical,

ZoL B the Tangene of the E quinoftial Altitmie rot"at Azimuth.

-

R

Thut we fee the firft Proportions common to both, this Cafe ifu-
ing from the 2¢ Axiom of Pitifess , thatin many right angled Sphee-
rical Triangles having the fame Acute ang'e atthe Bafe, the Sinesof
the Bafes and Tangents of the Perpendiculars are proportional.

For the fecond Operation to find B S,

Though the Analogy is derivable from the general Propofition of
the Lord NVapier.yet here I (hall take'ic from Priti s the 't Axiom.,
That inmany vight angled Sphevical Triangl s, baving the [ame
ecut’ angle ag the Bafe the Sines of the Perpendsc whars and Hipg~ '
thennfals are in direll Proporti.s, TLere.
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Therefore in the Triang'e /£ Z B, 4nd D S B it will hiold,

e /5 L the Sine of the Laritude | To L B the Cofibe of the Equinai-
al Aliitsde, :

Sow DS, the Sine of the Declinatsion,

Tothe Sinz of B S, Which is equal to BM : See 20™ Prap. of 3¢ book
Regiomontants, 1 proveit thus, The oppofite anglés at B are equal,
and the angles at D and O are ¢qual; and the fide D S equal'to™ O,
it will then be evincéd by Proportion , eAs1he Sine of the anglé ar B,
Toitsoppofite fide M O or D S : 80 2 the Radins, that ¥stie angleat O
o7 D, Toitsoppofive fide S B,or M B.

This equality being admitted , if unto LBweadd BS , the fum s
L S the Attitude for Summer Declination , if-fromBL we take BM
equalto B S, theremainder M L is the Alitude for the like Declina-
tion towards the Depreffed Pole, being the Winter Altitude of that
Azimuth,

But for Azimuths above 9o4 frem the Meridian it may be obferved
in the two Oppofite TrianglesE AN, and E A I, counting the Azi-
muth E A each way from the Vertical its Equinoctial Altitude A N in
the Winter is equal to its Equino&ial Depreflion A Iin the Summer,
and is to be found by the 1 Proportio.

T le fecond Proporiion varies not.

As the Sine of the Latitude NF equal to EZ, Is toN 1 cqual to Z B
the Cefine of the Equinaltial Alyitude or D:Prfﬁau 2 S0 the Sine
of the Declination , 1G equal e DS : To Sine | K, from which
taking AL, tre Eq winoétial Depreffion refts AK, tee Alt'tude
ﬁ;rﬂfg};r.

ToCalenlite a Table of the Surs Alpitnde for all Aximuths and
hawrs under the Equinoltial.

This will be two Cafes of a Quadrantal Spheerical Triangle.
1. For tke Alritudes on all Azimuths.
There would be giventhe fide A'B a Quadrant, the dngledtB the

Azimuth from the Meridian , and thefide A D the Corplemient of
the Suiis Declidation, If
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1fthe fide B D be continued to a Quadrant, the anglest C will be
aright angled, befides which in the Triangle AD C, there wonld be
_given A D as before the Complement of the Suns Declination, and
A C the meafure of the angle at B to find D C the Suns Altitude' be-
ing the Complement of B D, and {o having the Hiputenufaﬂl, and one
of the Leggs of a right angled Spheerical Triangle, by the 7'* Cafe we
may find the other Legg, the Proportion futable to this queftion
would be
eAs the Sine of the Aximuth from Eaft or weft,
Is to the Radiss :
So is the Sine of the Declinazion,
Tathe Cofine of the Alritnwde foxght. e

AN

- C
E D

2. For the Altitudes an all:EHonrs,

There would be given thefide AB a Quadrane, A D the Comple-
ment of the Suns declination with the conrained angte B A D the hour
-f{-m:; noon, to find the fide BD the Complement of the Suns Al-

- fitnde.

Here again if B D be continued to a Quadrant, the angleatCisa
right angle, the fide A D remains common, theangle D A Cisthe
Complement of the Angle BA D, See Page 57 where it is delivered,

* That if a Spheerical Triangle bave one right angle, and one fide a
Quadrant, it hath two right angles , and two Quadrantal fides, and

' therefore theangle B A Cis a right angle ; this is coincident with the
8" Calfe of right angled Spherical TTriang!:s,tht Proportion thereof is,
| 5.0N0% Oy
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138 Affeétions of Spheerical Triangles.
As the Radinsy Istothe Cofine of the Diclination,
So isthe Sine of the howr [rom fix,

Tothe Sineof the Aliitpdeforg t.

Affections of Splﬁwrir;d Triangles,

P Ecaufe the laft Affc®ion in page 57 is not Braced in-the begin-
) ning , and a miftake of leffer for greater,, in the laft Brace but
one, I thought fic to recite it at [arge.

Any fide of a Spheerical Triangle being continued, if the other fides ]
L4 ' together are equaltoa Semicircle, the outward angle on the fide con-
i e tinged (ball be equal to the inward angle on the faid fide oppofite

thereto.
B 1f the fides are lefs then a Semicircle , the outward argle will be
R R greater then the inward oppofite angle; :
|“r i But if the faid fides are together greater thena Semicircle, the out-
Tk ' ward anple will be lefs thenthe inward oppofite angle.
i '
b s, A
(pbes iy gari)
e i 1 '
it
. F]' B
ebta D

In the Triangle annexed, if the fides A Band A C together are
E]%aléu-a- Semicircle ;. thenis the angle A C I equal to the angle
1€
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1f lefs then a Semicircle then is the faid angle greater then the ang'e
at B,

But if they be greater, then is the faid angle A CD lefs then the

angleat B. "

By reafon of the fisft Affe@ionin page 58 (which wantsa Brace in
the ficft Line) after the wordstwo fides ) We require in the firt, fe-
cond,and other Cafes of Oblique angled Sphee-ical Triangles, the fum
of the two fides or angles given, to be lefs then a Semicircle.

Before 1 finith the Trigonometrical part, I think it not amifs to
give a Determination of the certain Cafes abour Oppofize fides and
Anglesin Sphoecical Triangles, having before fhewn which are the

" doubtful, and the rather becaufe that this was never yet fpoke to.

Two fides with an Angle cppofi-e to one of them, to determine the
" Affettion of the dngle oppofite ro the or'er.

1. Ifthe piven angle be Acute, and the oppofite fide lefsthena
Quadrant, ‘and the adjacent fide les then the former fide.

~The angleit fubtends is acote becaufe fubtended bya leffer fide,
for in all Spheerical Triangles the leffer fide fubtends the lefler angie
and the Converfe.

2. If the givenangle be acute, andthe oppofite fide lefsthena
Quadrant, and the other fide greater then che former fide:
~ Thisisa doubtfull Cafe, ifit be lefs then a Quadrant it may fubtend
eicher an Acute or an Ob:ufe angle,and {o it may alfo do if it be grea-
ter then 2 Q iadrant, yet we may deterinine,

That when the given angle is acute, and the oppofite fide lefs then
a Quadrant, but greater then the Complement of ths adjacent fideto
a Semicircle (“which ic.cannot b2 nnlefs the adjacear fide be greater
thena Quadrant) theangle oppofite thereco willbe obiufe.

3. The givenangle Acule, and the oppofice fide greater then 2
Quadrant, and the ocher fide greater.

If two {i les be greacer thea Q undrants, if oneof them fubtends
an Acute angle, the other muft fubtead an Odwafe angle; by the 1it
Affe&ionin pi 58,

. 4. The givenangle Acute , and the oppofite fide greater thena
Quadrant ; The other fide cannot be leffer then the forwmer, by what
was now [poken, _ :

T 2 A 1
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Affections of Spharical Triangles,
5. If the givenangle be Obtufe, and theoppofite fide lefs then
Quadrant, the other fide lefs (ubtends an Acute angle, )

6. If the given angle be Obrufe, and the oppofite fide fefsthena
Quadrant; Theotherfide greater thenthe fosmer fide muft of ne--
ceflity be alflo greater then a Quadrant, otherwifetwo fides lefs then
Quadrants fhould fubtend two Obtufe angles, contrary to the firft*
Afte@ionin p 58. '

7+ 1fthe given angle be Obrufe, and the Oppofite fide greater -
then a Quadrant ; 1f the other fide be greater then the-former it
will fubtend a more Obtufe angle.

8 Ifthe given anglebe Obtule, and the Oppofite fide gredter
then a Quoadrant, Ifthe other fide be lefs then the former , whether
it be [cfTer or greater then a (Quadrant it may either fubtend an Acute
or Obtufeangle.

Burwe may ditirmine

Thatwhen the given angleis Obtufe , andthe Oppofite fids grea-
ter then a Quadrant; Ifthe Complement ofthe adjacent fide to a' Se~
micircle be greater then the faid oppofite fide, theangle fubtended - .
by the faid adjacent fide is Acate.

Two Angleswith a fide Oppofi ¢ to one of them , todesermine the -
Affetion of the fide oppofite 10 the other.

1. If the given angle be Acute, and the oppofite fide lefs then '
Quadrant ; If'the other angle be lefs , the fide oppofite thereto fhall
be lefs then a Quadrant becaufe it fubrends a leffer angle.”

2.If the given angle be Acute, and the Oppofite fidelefsthena"
Cuadrant, If the otherangle be greater the Cale is ambiguous , yet
we may-determine, [ _

If the given angle be Acute, and the oppofite fide leffer thena
Quadrant, if the Complement of the other angle to a Semicircle be
lefs then the Acute angle (which it cannot be but when the latter angle -
is Obtufe) the fide fubtending it (hall be greater then a Quadrant.

2. Ifthe given angle be Acute, and the oppofize fide genster then
2.Quadrant, if the other angle be feffer.

Then by 12 of -4 book of Regiomontanss , if two Acuteangles ber
i un-
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onequal , the {fide oppofite tothe leffer of them fhall be lefs then a
Quadrants
4. Ifthe given angle be Acute, and the oppofite fide greater ehen
& Quadrant, Ifthe other angle be greater,

It muft of neceffity be Obtufe, beceufe otherways two Acute une-
qual angles, the fide oppofite to the leffer of them fhould not be leffir
then a Quadrant, contraty the former place of Regiomont inus.

s- If the given angle be Obtufe, andtbe oppelite fide lefler then
a Quadrant, If the other angle be leffer, -

Ic muft of neceflity be Acute , and the fide {ubtending it lefs then
a Quadranr, otherways two fides lefs then Quadrants thould fubtend
two Obtofe angles, contrary to 1ft AffeGion in page 58.

6. If the given angle be Obtufe, and the oppofite fide lefs thena
Quadrant, 1fthe other angle be greater,

By 13 Prop of 41 of Regiomontanus, ifa Triangle have two Ob-
tufe unequal angles, the fide oppofite to the greater of them (hali be
preater then a Quadrant. .

77, Ifthe'given angle be Obtufe, and the oppofite fide greater then
a Quadrant , 'If the otherangle be greateror more obtufe then the
former; it4s fubtended by a greacer fide. |

8. Ifthe given angle be Obrufe,and the uppaﬁtf; fide greater then

afQuadrant’; Ifthe othier angle be lefs then the former , the Cafe is
ambiguous; yet we may determine,

That when the given angleis Obtufe, and che oppofite fide great-
er thena Quadrant , 'if the other angle be lefs then the Complement
of the faid Obtufe angle to a Semicircle, the fide fubtending it (hall be

Jefs then a Quadrant. -

The former (Cafes that ave flill | axd alwais Will be dowbeful, midy
be determined When three [ides are given.

A Spheerical Triangle having two fides lefs then Quadrants and
one greater, will always have one Obtule angle oppofite to thac grea-
ter fide, and both the' other angies Acute.

A Spheerical Triangle having three fides lefs then Quadrants | can

hdve but one obtufe angle (and many times none ) and that obtafe

angle (hall be fubtended by the greateft fide ;
But whether the greateft fide fubiend-an Acute or’ Obtufe angle

cans -
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142 Affections of SpharicalTriangles.
€8nnot be known, unlefs given or found by Caleylation, andthas

May be found feveral ways. o'

Firft by help of the Leggs or Sides ineluding the angle foughs &
by 15 * Cafe of nighe anglzd Spheerical Triangles.
As the Rgdine, Tothe Cofi-cof one of thofe Ltgg.l 3
Soisthe Cofine of the otier Lrgg, To the S ne of afeurth Areb.
If the third fide be greater then the Complement of the fourth
Archto got, the angleincluded is Obiufe, if equal to it a right angle,

it lefs an Acute sngle.

Secondly , By help of one of the Legpgs and the Bafe or Side
fubtending the angle fought by 7'» Cafe of right angled
Spheerical Triapgles. y
Asthe (ofine of the adjacent fyde, being ane ¢f the b [Jer fides,
Is tothe Radius
So the ((ofine -'f:bf appa_ﬁreﬁdh Tothe fine nf‘fﬂkr{b Areh. :

If the third fide be greater theothe Complement of the 41" Arch
1o 9o', the angle fubrended is Acute, if equal to it aright angle , if
lefs an Obrufe angle. b van : FRO

All other Cafes need no determination, if a Triangle have two fides
given bigger then Quadrants, make recourle to the oppofite Triangle
ard it will agree to thefe Cafes.

If three angles were given ro determine. thesAffection of the fides
if they were all Acute the threg fides fubtendipg -them will be ali l¢fs
then Quadrants. ;

But obferve that thongh a Triangle that bach but one fide greater
then a Quadrant, can and fhall always have but one Obtule angle, yet
a Triangle that hath but one Obtufe: dngle may frequently bave two
fides greater then Quadrants. T

In this and all other Cafes let the angles be changed into fides, and
the former Rules will ferue, > 7

I ithould have added a brief Application of all the Axioms that are
neceflary to be remembred, and bave redoced the Obligue Cafes to
fetlcd Proportions (wich the Cadence of Perpendiculars oaly to fhew
how chey arife ) whercby they will be rendred very facil ; asalfo the
Demonftration of the Affe&ions ; whichmay be hereaiteradded 1o
fome octher Treatife to be bound with this Book.

of

i — — e e



143

Of working Trﬁpoftfém by the Lines on
03 b the Quadrant.

Efore I come to thew how all Proportions may in fome meafura
be performed npon the Lines of this Qadrant | itis to be wti-
mated in general , That the working of & Proportionupona irgle
nataral Line , was the ufeful inventionof the lare lesrned AL be-
maician , M* Sammel Fofter, and publithed afrer h's decealeas his ;
Inthe ufe of his Scale , a Bookcalled P:jfhuma Fifleri , as ailo by
Mr Stirrupin a Treatife of Dyalling ; in which Books, thoughichbz
there prelcribed , and from thence may be learned, yer Tacknow-
ledge I received fome light concerning it. from fome Manuferipts
lent me by Mr Foffer 5 in hislife time t6 Tranfcribe for his and my
.own ufe touching [nftrumental Applications; Yet withal be it here in-
timated,that theie aye no ways pfed upon this Quadsent for the ob-
 taining the Hour and Azimuthiwith. Compafles . andabe Converf
of the 4 h.Axiom, butwhat are wholly my own, and altogether no-
vel , though not worthitbe owning, for Infirumencal Conclufions
not being 0 exact asthe Tablesare of (mall efteem with the learned
as in Mo ingases Poeface to the Pofibuma ; befides the taking off
of any Lioe from rhe, Limbto any Radius; .the Explanation of the
reafon of Proportions {o wrought, the fupply of many Defe(ts,a nd
the infcribing of Lines in the Limb, I'have nor feen any thing of
Mr Fofers, or of any.other mans, tending thereto.

(13 _ 4 .1qu’rf9e L:negf equal Paris.
THis Line iffueth fromthe Center of the Quadrant onthe right
edge of the forefide, and will ferve for Menfurations, Pro-
tra&ions and Propartional work. _
The ground of working Proportions by fingle natural Lines,, is
built upon the following grounds. .« ,
That Equiangled Plain Triangleshave the fides abor t'their equal

angles Proportional s and this work hathits whole dependance ?‘n
the:




Y44 Of Proporsionsyin equal Payts,
the likenefs of two equiangled Plain Right angled Trianples; asin
the figure annexed, let A B reprefent a Line of equal parts, Sines or
natural Tangents iffuing from the Center of the Quadrane fuppo-
fed ac A, andlec A Creprefent the Thread, and the Lines BC, E D
making right angles with the Line A C, orwith the Thread , the
neareft diftances to it from the Points B and E,

I (ay then that this Scheme doth reprefent a Proportion of the
greater to the lefs, and the Converfe of the lefsto the greater.

C

B E o s

‘Firk of the greater to the lefs, and thenit lies, e4sAB#B C:
So A E t¢ AD, whence obferve thatthe length of the fecond Tearm
B C muft be taken out of the common Scale AB , and one foot of
that extent entred at B che firft Tearm , the Thread muft be laid to
the ather footat C, according to the neareft diftance then the near-
cft diftance, from the Point E to che Thread that is from the third
Tearm called Larera/ entrance, being meafured in the Scale A B,gives
the quansicy ofthe4 " Proportional.

Secondly of the lefs to the greater.

Apdthenitlies, «4sBCro0AB: SoEDwAE, Or, AsED
to AE: SoBCre AB, by whichit appears that che firk Tearm B C
muft be taken out of che common Scale, and entred one foot at the
fecond Tearm at B, and the Thread laid to the other at C accord-
ing to nearcft diftance then che third Tearm E D muft be taken out
of the common Scale and entred between the Thread and the Scale,
fo that one foot may reft upon the Line, as at E, and the other turn~'
ed about may but juft couch the Thread, as at D, fois the diftance
from the Center t» E the quantity of the 4 Proportional ; and this

15




of Proportions in equal parts, 143
is called Parralel entrance, becaufe the extent E D is entred Parra-
lel to the extent B C ¢ To avoid Circumiccution , it ishere fuggeft-
ed , thatio the following Treatife, we ufe thefe exprefiions to lay
the Thread to the other foot, whereby is meant to lay it fo ac-
cording to neateft diftance , that the faid foot turned about may but
juft tonch the Thread, and fo to enter an extent between the Thread

"and the Scale is to enter it fo that one foot refting upon the Scale,
the other turned about may but juft tonch che Thread.

Avnother chicf gronnd in ord:r to warking Proportions by belp of
Lines inthe Limb is,

That in anyProportien wherin theRadius is not ingredient theRadius
may be introduced by working of two Proportionsin each of which
the Radius fhall be included,and that is done by finding two fuch mi-
dle tearms (one whereof (hall always be the Radiu:) as fhall make a
Re@angle or Produ equal to the Re@angle or Produd of the two
middle Tearms propofed,to find which the Proportion will be.

At the Radius, Toone of themiddle Tearms :
S0 the other middle Tearm, To a fourths

I fay then , that the Radius and this fourth Tearm makinga Pro-
du& or Re@angle equal tothe Produc of the two middle Tearms,
thefe may be a[%umed into the Proportion inftead of thofe , and the
anfwer or fourth Tearm will be the fame without Variation, snd
therefore holds,

As the firfe Tearm of the Proporsion, To the Ra'ius :

So the fourth found as above, To the T earm [onght.

‘ Or,

As the firft Tearm of the Proportion, Is to the fonrth f vund as abowe
So is the R adius 5 Tothe Tearm [ought; and bere obferve , that by
changing the places of the feccond and third Tearm , many times a
Parralel enttance may be changed into a Lateral , which is more ex-
pedite and cercainthen the other , having thus daid the foundation
of working any Proportion, Lnow come to Examples::

u 1. To

d e

———

=

A

——
l‘_'!
.'II:
||

LA IR
HE
i
" i d
JE
i
i il
B
-Eu-ll
i |
ol
i
il
{1
i
it
:L’: k
e o
e
:I

!

I

e
.‘
it ¢




146 Of Proportions in equal partss

1. ToWerk Proportionsinequal partsal ne, .

If the firt Tearm.be greater then -the fecond ;

take the fecond |

Tearm out of the Scale, and enter one foot of that extent at the firft |

Tearm, laying the Thread to the other foot,then the
from the third Tearm to the Thread gives the 4t

~ foughe,to be meafured in the Scale from the Center.

If the firft Tearm be lefs then the fecond , fill as

neareft diftance

h Proportional |
before keep thé

orcatelt Tearm on the Scale, and enter thefirft Tearm upon ic, lay-
ing the Thread to the other foot, then enter the third Tearm taken

our of the Scale between the Thread and the Scale
4th Proportional.. .

. Example. .

nn:ﬁ it finds the -

Admit the Sun thining , 1 fhould meafure the length o the Shad-

dow of 2 Perpendicular S:aff and find it to be § yards

, thelength.of -

the Staff being 4 yards, and at the famme time the length of the Shad-
dow of & Chimny ,the Altitnde whereof is demanded, and findit to -
be 22} yards, the Proportion thento.acquire the Alsiticude would-*

be,

eAsthe length of the fba 1iew of the Staff,
Tothe length of the Staff :

So the length of the fbidow of the Chimneyy:
Tothe besg's thereof, thatis

Assto4: So22 5 t218 yards the Altitude or height of the -
Chimney fought, Enter 4 ot che great divifions upon § , laying the
Thread to the other foot.then the neareft diftance from 22 |5 tothe

Thread meafured will be 18, and in this latter part

each greater di-

vifion muft beunderftoud to be divided into ten parts.

And (o if the Sundo not (thine , the Altitude might be obtained
by removing till the Top-of a Staff of known height abovethe eye
vpon a level ground be brought into the fame Vifual Line withthe

Top of the Chimney, and then it holds,

Asi




Of Rroportiousin equal parts. 14y

eAsthe diftance betweenthe Eyeand the Staffy, To the beight of the
Sraff above the eye :
So the diftance between the Eye and the Chimmy,
T o the keight of the Chimney abov: the Eye.

Some do thisby aLﬂukmg Glafs, othersbyaBow! of Water, by
going back till they can fee the top of the obje& therein , and then
the former Prupnrtmn ferves, musatis mu andis.

But Proportions in equal parts will be eafily wrought by the Pen,
the -:hu:Ful: therefore of this Line will be for Protra®ion, Meni’ma-
tion, and to divide a Line of le(Terlength then the Radius of the
= Q{_jadrant Propertional'y into the like parts the Scale is divided,
which may be readily done, and fo any Proportional part taken off,
to do it Enter the length of the'Line propofed at the end of the Scale
at 1o, and to the other foot lay the Thread the neareft diftances
from the feveral parts of the graduaced Scale to the Thread thall be
the like Proportional parts to the length of the Line propofed , the
Proportion thus wrought's,

As the leng th of the gr#dwrrd Scale, Toany le[[er lexgt
8o the parts af the é’mft, T as2e Propartional lice Jr:m-.e.r ra :Eur other
length,

Of the Line of ‘I}m ents on the [eft edge of
' the Q‘idmnt

He chief'Ufes of this Scale will be to operate Proportions either
in Tangents alone or jointly, either with Sines or equal parts,

to prick down Dyals, andto proportion out a Tangent to any leffee
Rad:us,
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Of Proportions in Tangents.

Towark Proportions in Tangents alone.

1. Of the greater to the lefss
Enter the fecond Tearm taken out of the Scale upon the firt, fay-

ing the Thread to the other foot, then the neareft diftance from the

third Tearm to the Thread being taken out and meafured from che
Center (hews the 4th Proportional.

But ifthe Proportion be of the lefs to the greater,
Enter the firft Tearm taken out of the Scale upon the fecond,and
lay the Thread to the other foot, then enter the third Tearm taken

out of the Scale between the Thread and the Scale, and the foot of
Compafles will fhew the 4 Proportional.

Example,
Of the greater to the lefs,
oA sthe Tangent of 50%, Torthe Tangent of 20': Sothe Tanjent of

30°, Tothe Tangent of 10, .

To work this take the Tangent of 20’ in the Compaffes , and en-
tring one foot of that extent at 50!, lay the Thread to the other ,
according to the neareft diftance, then will the neareft diftance from
th: Tangent of 30dto the Thread being meafured on the Line of
Tangents from the Center be the Tangent of 10¢ the fourth Propor-
tional.

By inverting the Order of the Tearms, it will be, Ofthe lefs
tothe greater.
o A3 the Tangent of 201, To the Tangenmt of §od: So the Tangent of
10%, Tothe Tangentof 30', to be wrought'by a Parralel entrance,

This Scale ot Tangents is continued but to two Radii, or 63¢ 2¢/
whereasin many Cales the Tearms given or fobght may out-reach
the length of the Scale,in fuch Cafes the Propprtion muft be changed
according to fuch Dire®ions as are given for varying of Proporti-
ors at the end of the 16 Cafes of right angled Spheerical Triargles.

Intwo Cales all the Rules ‘delivered for varying of Proportions
will not fo vary a Proportion as that it may be wrought on this Line
of Tangents.

Firft when the firft Tearm is greater then 634 26/ the length of |
the Scale , and the rwo middle Fearms each lefs then 26 347 the
L _Cﬂmpic-_
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Of Proportions in Tangents. 149
Complement of the Scale wanting ; Inthis Cafeif any two Tearm?
of the Proportion be varied according to the Rules for varying of
Proportions, there will be either in the given Tearms or Anfwer fuch
a Tangent as fhall exceed the length of the Scale, batit may bere-
medied by a double Proportion by the reafon before delivered for
introducing the Radjus into a Proportion wherein it is not ingredi-
ent.
As the Radina, Toshe Tangent of one of the msddle Tearms :
So the Tangent of the other middle Tearm, To a fourth Tangent:

Again,

As the Radins, To that fourth T angent
So 2 the Cotangent of the firft Tearm,
To the Tangent of the fourth Ark fought.

The Radius may be otherways introduced into a Proportion then
here is done , but not conducing to this prefent purpofe, and there-
fore not mentioned till there be ufe of it, which will be wpon the
backfide of a great Quadrant of a different contrivance from this,
upon which this trouble with the Tangents will be (hunned.

An E xample for this Cafe,

Asthe Tangent of 65 T Taﬁgmr of 24¢ : .
So the Tangent of 20", To what Tangent ? the Proportion will
find 5¢, 26/

Divided into two Proportions will be,
As Radins, ToTangent 24': So Tangent of 20', To afenrih, the
quanticy whereof need not bé meafused.

Again.

As Radiss, Tothat fourth: 8o the Targeny of 25", the Comple-
ment of the firlt Tearm, Toshe Tangentof 5' 26/, the fourth
Tangent fought.

Operation.

Firft enter the Tangent of 24¢ on the Radios or Tangent of 45°

laging the Thread to the other foot , thentake the neareft diftance

to it from 20!, and enter tha textentat 45+, laying the Thread ;o
the
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the other foot,then will the neareft diftance from 2§, to the Thread
if meafured from the Center be the Fangent of 5 26” fought.

T'be fecond Cafe is when the firfb T'earm of the Proportson is lef* then
the Complement of the Scale wanting, and the two midile Tearms
greater them the length of the Scale.

This arifeth from the former , for if the Tearms given were the
Complements of thofe i the former Example,they would be agree-
able to this Cafe , and'{o no further direCtion is needful about them,
for the Tangent fought would bethe Complement of that there
found, pamely 84' 34/

Hence it may be obferved , that a Table of natural Tangents only
to 459, ora Line of naturai Tangents only to 45¢ may ferve to ope-
rate any Proportion in Tangents whatfoever.

T's Proport’on ent a Tangent to any Radires, "

Enter the le-gth of the Racius propofed'upon the Tangent of 4%
ard to the other foot of the Compafies lay the Thread according ro
the neareft diftance then if che refpective neareft diftarces from each
degree of the Tangents to tie Thread be taken‘out they thal be Tan-
gents to the afligned Radius :

Becaufe the Tangents run but to 634 26" ‘whereas there may be
occafion in fome declining Dyalls to ufe'them to 75* though feldom
further ; to fupply this defe@, they may be fuppoledto break off at
60 and be fupplied in a Line by themfelves not iffuing from the Cen-
ter, or only pricks or full: points made at each quarter of an hour,
for the § " hour , thatis, from 60! toi75", and (0 thefe diftances
pricke agsin from the Center as here is done, either one way.or o-
ther, the Proportion will hold,

o A5 the common Radius.of the Tangewtss
Is 10 any other Affigned Radsus : ,
3o # the aifference of any two T angents rothe covmon Rad us.
T o tireir Pro; ortional difference in that Affigned Radius 1
And fo having Proportioned out the firtt four hours, the §* hout
~may be likewife Proportioned out and- pricked ferward ‘in one con-
. tinted fireight Line fromthe end of the 4™ hour.
“ T
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T o work Proportions in Sines and Tangents by belp of the Limb
«and Line of Tangents ifluing from the Cerrer.

‘Hough this work may be better donz on the backfide where the

* Tangeots lye in the Limb, and the Sines iffue from the Center,
and where alfo there isa Secant meet for the varying of fome Pro-
portions that may excor , yet they may be‘alfo performed here fupa
pofing the Radius introduced inco any Proportion wherein it is not
ingredient, the two middle Tearms not being of the fame kind as
both Tangents or both Sines.

To find the 4th Proportional if it be a Sine.

Lay the Thread to the Sinein the Limb being one of the middle
Tearms, and from the Tangent being the other middle Tearm take
the neareft diftancetoit, then entring this extent upon the firft
Tearm being a Tangent lay the Thread to the other foot, andin the
equal Limb it fhews the Sine fought,

So if the Example were,
As the Tangent of 504 | Tothe Sine of 40': So % the Tangent of
36', ToaSine, she 4th Proportisn woirld be found te be the Sine

ﬂf 2 }dr 4!'
If a Tﬂgeﬁr be fonght,

Lay the Thread to the Sine in . the Limb being one of the middle
Tearms , and from the Tangent being the other middle Tearm take
* the neareft ditance toit, then'lay che Thread to the firit Tearm in
the Limb, and the former extent entred between the Scale and the
Thread finds the Tangent, being the 4th Proportional fought.

If th: Example were,
Asthe Sinevf 408, Tothe Tangemt of 50': Sozethe Sineof 234 4
T o afonrtha Tangent., it Would be found 2o be the Tangent of 36 .
Thele Dire&ions prefoppofe the varying of the Proportion, as to
~ the two Tangents, when gicher of chem will excur the lengeh of the
Scale -
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152 Of Proportions in equal Parts and Tangents

Scale , of which more when I come to treat of the joint ufe of the
Sines and Tangents on the backfide. A

If both the middle Tearms be Sines, the 1ft Operation will be
wholly on the Line of Sines on the backfide, by introducing the Ra-
dius, and the fecond upon the Line of Tangents on the forefide, like-
wife, if both the middle Tearms were Tangents, the firt Operation
would be on the Line of Tangents jon the forefide , and the fecond
on the Line of Sines on the backfide; bue this is likewife pretermic-

ted for the prefent , for fuch Cafes will feldom be reducible to pra-
&ife.

Towork Propertions in equal Parts and Tangents,

Becaufe the Lines to perform this work do both iffue from the
Center , the Radius need not be introduced in this Cafe ; but here
it muft be known whether the firft or fecond Tearm of the Propor-
tion taken out of its proper Scale be the longer of the two, and ac«
cordingly the work to be performed on the Scale of the longer
Tearm,which fhall be illuftrated only by a few Examples,the ground
of what can be faid being already laid down.

Example. To findche Suns Alritude, the length of the Gnomon or

Perpendicnlar being affigned, andthe length of 55 Sha-
dow w eafured. '

Asthe lingth of the Shadow.

Istothe Radius + So ts the length of the Gromon,
Tothe Tangent of the Suns Alritnde,

E gampl, -
1f the length of the Shaddow were 8 foot, ‘and the length of the
Gnomon bar 5 foot, becaufe 8 of the greater divifions of the equal
parts are longer then the Tangent of 45 take the faid Tangent or
Radius, and enter it at 8, laying the Thread to the other foot, then
the nearelt diftance from § of the equal partsto the Thread meafu-
red on the Tangents theweth 32 for the Suns Altitude foughe,
So the diftance from a Tower and its Altitude being obferved the
Proportion, to.get the height of the Tower is,

e s
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“As the Radius , To the meafured diffance : S0 the Tangent of the

eAltitnde. To the height of the Tower,

So in the Example in Psge 38, the meafured diftance K b was 100
yards , and the Altitude 43° 5o/ to find the height of the Tower
take the Tangent of 454 , and enter it on-10 at the end of the equal
Scale, laying the Thread to theother foot , then take the Tangent
of 43d 50/, and enter it between the Scale and the Thread, and the
Compafes will reft at 96 the heightof the Tower in yards , fome=
times each grand divifion of the equal Scale muft reprefent but one
fometimes 10, and fometimes 100, asin Cafe L B, and the Altitude

thereto were given to find the height afligned.

Anoth:r Example.
eAs the Tangent of 6cd , Isto50: Sous the Tangent of 4od,
To24 | %js_hefﬂrf.
Take 50 equal parts, -and enter itupon the Tangent of 6cd lay-
ing the Thread to the other foot , thenthe neareft diftance fromthe
Tangent of 407 to the Thread meafured on the equal parts from the

Center will be 24 | 2 as before.

Otbémé{fr

Enter the Tangant of 40d upon the Tangent of 604 laying the
Thread to the other foot , then enter 5o equal parts down the Line
of Tangents from the Center , and the neareft diftance from the ter-
mination tothe Thread meafured in the equal parts will be 24 | 2 as
befores

1£ both the Tangents in any Proportion be too long, they may be
changed into their Complements if one of them may and the other
may not be fo changed without excurfion, then the Proportion may
be wrought by the Pen, takiog the Tangents out of the Quadrat and
Shaddows , or it may be made two Proportions by introducing the
Radius as before (hewed ; it will not be needful to [peak more to
this, only one Example for obtaining the Altitude of a Tower attwa

Stations. O
< o5 the diﬁ'"ereréé of the Cotangents of the Arks ca: at either Sta=
" Riotis s Ls 1o Radius.: Sothe diftance bevween thofe Staioms: Ta

v~ the Altitude of the Tower. .
X in




of Proportions in Sines and equal Parts;.

In the Diagram-for this Cafe the Complerments of the angles ob-
ferved at the two Stations, viz- atG were 204, at H 414 3 1%

T ake the diftance on the Line of Tangents between thefe two Arks,’
and becaufe ¢qual parts are foughe, and the faid Extent lefs then 5o,
the meafured diftance changing the fecond Tearm of the Proportion :
into the place of the third , Enter the faid Extent upon 50 inthe"
cqual parts , laying the Thread to the other fo-t, then if the Tan-
gent of 454 be entred between the Scale and the Thread, the Com=
pafles will reftupon 96 for the Aititude fought.

T owork Proportionsin qual Parts and Sines by help of the
Limb.

-
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O fuppofe both the middle Tearmsto be either equal Pares or *
I Sines, will not be pra&ical ,- yet may be performed as before -
hinted, without introducing the Radivs, if it be not ingredi-
ent , becaufe both thefe Lines-iffue fcom the Center and
may alfo be performed by the Pen by meafuring -the Sines one the<
Line of ¢qual parts, as was inftanced in page 41

=

Bat fuppofing the middle Tearms of a different kind. '-
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1. If a Sine be fought, Operase by intredwing the Radinws.
Lay the Thread to the Sire in the Limb being.one of the middle -
Tearms, and from the other middle Tearm being equal parts; take

the neareft diftance to it , one foot of this'extent enter at the firft -
MO, . Ilﬂ-ﬂﬂ“
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Tearm , andthe Thread laid to the other foot cutsthe Limb at the
Ark fought.
If the Ark fouglit be above 704 this work may better be perform-
Edéﬁth the Line ofiequal parts and Sines jointly , asifluing from the
.Center,

3, If 4 Number be [onght,

Lay the Thread to the Sine inthe Limb being one of the middle
Tearms , and fromthe other middle Tearm being equal parts take
the neareft diftancetoit, Thenlay the Thread to the firt Tearm
in the Limb being a fine , and enter the former extent between the
. Scale and the Thread,and the foot of the Compaffes will on the Line
of cqual parts (hew.the fourth Proportional.
The Proportion for finding the Altitude of a Tower at one Sta-
tin;sl?f the meafured diftance, may alfo be wrought in in equal parts
and Sines.

For, Asthe Cofineaf the Ark at firft Stati-»,

T o the meafured diftance thereof from the Tower :
So 1 the Sine of the [aid Ark,

Tothe Altitude of the T ower.

Inthat former Scheme, the meafured diftance BH is 85, and
the anple obferved at H484 29

Whetefore T 1ay the Thread tothe Sine of thefaid Arkinthe
Limb, counted from the righvedge, and from the meafured diftance
in the equal parts take the neareft extent to the Thread, thenlayirg
the Threadto the Cofineof thefaid Ark in the Limb , andencring
the former extent between the Thread and the Scale, I fhall find the
foot ofthe Compalfes to fail upon 96 the Altitude fought.

Soalforinthe Triangle A CB, iif thereweregiven the fide A C
194, the meafured diftance between two Stationson the Wall ofa
Townbefieged, and the obferved anglesat A 254227, at C 11 24
22/ 5 if B were:a Battery wemight by this work find the diltance of
it fromeicher A or C , for having two angles-given all the three are
given, it therefore holds,
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156 Of Proportions in Sines and equalparts,.
At th Sine of the angle st B41d 16/, 21 51
To itsoppafite fide AC 194,
So the Sine of the angle at C 664, 38/ the Complement,
Toits Oppofire fi ¢ B A 270, the diftance of the Bareery from A -

B 270 ' A

Sach Proportions as have the Radius in them will be more eafily -
wrought, we {hall give fome few Examples in U/ in Navigation,

1. Tofind how mary Milesor Leagues in each Parralel of Lati-

&
tude anfwer to one degree of Longitude. .

Asthe Radius, Tothe Cofine of the Latitule.
8o the mumber of Miles in a degreeinthe Equinollial,’
To ihe Number of Milesin the Parralel.

Soin 51432/ of Latitudeif 6o Miles anfwer to a degree in the
Equino&ial 37 1 3 Mi'es fhall anfwer to one degree in this Parralel.

This is wrought by laying the Thread to 514 32" in the Limb from
the left edge towards the right , then take the neareft diftance to i
from 6oin the equal parts which meafured from the Center will be
found to reach to 37 | 3 as before.

The reafon of this facil Operationis becaufe the neareft diftance
from the end of the Line of equal parts to the Thread is equal to the
Cofine of the Lartitude, the Scaleit felf being equal to the Radius,
and 1herefore necds not be taken out of a Scale of Sinesand entred
ppon the firft Tearm the Radius asin other Proportions in Sines of
of the greater to the lefs,when wrought upon a fingle Line only iffu-
ing from the Center, where the fecond Tearm muft be taken ot of a
Scale, and entréd vpon the ficft Tearm.

2 TE’; :




Of Proportions in Sines and equal Parts. 157

3. The Cosr[eand Diftance given to find the diffcrence of Latis
tude in Leagnes or Miles,

As the Radisia, Tothe (ofine of the Rumb from the Meridian s
So the Diftance [ailed, Toih: difference of La itnd: in like parts.

: Example.

A Ship failed S'W by W/, thatis ona Rumb §64 15" fromthe
Meridian 6o Miles, the difference of Latitude in Miles will be found
to be 33 |3 the Operation being all one with the former, Lay the
Thread to the Rumb in the Limb , and from 6o take the neareft di-
ftance to it, which meafuired in the Scale of cqual parts will bz found
as:before, SR TR TR .

3. The Courfe and Diftance givento find the Departure from
the Meridian, alias the Variation,

As' the Radini, T o the Sine of the Rumb from the Meridian :

So.the diffarice Sailed, To theé Deparinre from the Meridian.

In the former Example to find the Departure from the Meridian,
Ldy the Thread to the Rumb counted from the right edge towards
the left,that is to 564 157 fo counted, and from 60 in the equal parts
. being thie-Miles Sailed, take the neareft diftance roit; thisextent
meafured in the faid Scale will be found to be4g 9 Miles ; and foif
the converfe of this were to be wroughe,it is evident that the Miles of
Departure muft be caken our of the Scale of equal partsand eatred
Parralelly between the Scale and the Thread lying over the Rumb.

Many more Examplesand Propofitions might be illuftrated, but
thefe are fufficient, thofe that would ufe a Quadrant for this purpofe
may have the Rumbs traced out or prickt npon the Limb : Now we
repair to the back{ide of the Quadraut,




138

ST

Of the Line of on H{e right Edge of the

ﬁnclgrde.

-

"I' He Ufes of this Lineare manifold in Dyallingin drawisg Pro
4 jeQionsin working Proportions, &

1. Totakeof a Preportional Sine to any n’{ﬂ}r Ratsws then tﬁt‘lﬁ&
of the Qnadrant , orwhich isall one, #o-divide any Line fhors:
in length then the whele Line of Sines in Juch manner as the fam.
1 divided.

Enter the length of the Line propefed at godthe end of the Scale
of Sines , and to the other foot lay the Thread according to neareft
Diftance , or meafure the length of the Line propofed on the Line
of Sines fromthe Center, and obferve to what Sine.itis'equal,, then
lay the Thread over the like Arch ‘inthe Limb,, #nd the ‘neareft di-
fiances to it from each degree of the Line of Sines fhall be chie Pro-
porzicnalparts fooght. 3

And if the Thread befaid over 30d of the Limbe the neareft di-
fances to it will be Sines to hialf the Common Radius!: a

2. From a Line of Sines to vake off a Tazgent, the Proporsionito
do it 1s,

Asthe (ofineof an Arch, To the Riadinsof the Lineprepofed:

So the Sine of the faid Arch, Tothe Tangens of the faid drch.

Enter the Radius of the Tangent propefed at theCofine of the given
Arch,and to the other foot lay thel hread then from the S'ne of that
Arch take the neareft diftance to the Thread, this extent is the length

of the Tangent fought; thusto get the Iangent of 20d enter the
Radius propofed at the Sine of 704, then take the nearelt diftance
tothe 1 hread from the Sine of 204, this extent is the Targent of the
faid Arch in reference to the limited Radius,

Other-




Of the Lineof Sinesq 159
Qehermayidy sho i,

Lay the Theead to the Sine of that Arch counted from the right
edge wherete you woulditake outa Tangent, and enter the Radius
propofed down the Line of Sines from the Center and take the near-
eft diftance to the Thread thenlay the Thread to the like Arch from
the left edge,and enter the extent between the Scale and the Thread,
the diftance of the Foot of the Compafies from the Center thall be
the length of the Tangent required.

3. From the Sines to take off @ Secant.
The Proporrion to.do it is,
“At the Cafine of the eAichprapofed, To Radins of the Line propsfed
Sothe Sine of 90d, the common Radius , To the lengthof the See
caut of thas Arch, tothe limitted Radins.

By the Limb, -

Lay the Thread to that Arch in the Limb counted from left edge
whereto you would take out a Secant, then enter the Limitted Ra-
dius between the Séale and the Thread and the diftance of the foot™
of the Compafies from the Center (hall be the length of the Secant
fought, and the Converfe if a Secant and its Radins be given to find -
the Ark thereto enter the Sécant of 9od then enter the Radius of it
between the Thread and the Sines, and the Compaffes thews the -
Ark thereto; if connted from 004 towards the Center.

: Ocherways. _

Enter the Radius of the Line you wonld devideinto Secants at the
. Cofine of that Arch whereto yon-wonld take outa Secant , andto
the other foot'lay the Thread then the neareft diftance to the
Thread from the Sine of god is the length of the Secant fought: 1 hus
to get the Secant of 204 enter the Radivs limited in the Sine of 70d *
then the neareft diftance from 9o to the Thread, is the lengeh of the -
Secant fought. | _ _

"And bere it may be noted, that if you would have the whole leogth
- ofthe Line of Sines toreprefent the Secant fought , then the Cefi n; :
of
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160 | Ofthe Lineof Sines,
of that Arch whichit reprefents (hall be the Radius to it; fothe
whole Line of Sines reprefenting a Secantof 704, the length of the
Siceof 201 fhall be the Radius thereto. =~~~ |

It may allo be obferved , that no Tangent or Secant can be raken
of at once larger then: the Radius of the Quadrant , nor no ‘Radius
entred longer then that is, and chatif the'Radigs entred'bein -

Length :2 631260yl Lis il N gorot s
1( of the (. Tangents Secants’ (> Lue 310 sl sy
fSSiﬂES to Ltna>4 to P79 322, Y sy
¢ 75. 58 75 32) maybe

taken off by help of the Line of Sines.

And here it may'be obferved That if the Tangent and Secant of
any Arch be added in one ftreight Line or otherwife in Numbers ,
the:Amount {hall be equal to'the Tangent of fuch Ark as (hall bife&
the remaining part of the Quadrant, asis demonftrated in Pitifeus &
Enellisess s :

Wherceit follows , That if we have a Tangent and Secant no
further then to 6od each,yet a-Tangent by the joint ufe of both Lines
may from them be prickt down to 754 : Wherefore at anty time to
lengthen the' Tangents double' the Arch propofed ; and out of the |
Amount rejed 9od ; The Tangent and Secant of the remainder con-
ne@ed inone ftreight Sine (hall be the Tangent of the Arch fought. -

Thus to get the Tangent of 7cd the double is 1404 whence 9odre-
jected refts 5od; the Tangent ‘and ‘Secant' of sod joined in one
ftreight Line(hall bethe Tangent of foch'do Arch'ds bife@s the re-
maining part of the Quadrant, namely of 564, 2 .

It may alfo be oblerved , That the Tangent of an Ark , andthe
Tangent of halfits Complement is equal to the Secant of that Arch
asis obvious in drawing of any Projecttom, g

A Chord may alfo be taken off from the Line of Sipes',” bnt mare
facilly by thelLineof Chords on the'left edge'of the Quadrant, and
is therefore pretermitted. /i (£l 300% 13

To work Prorortions in Sines aloxe.
Frt, Without the help of the Limb or leffer Sines wi;hgj.t_;:imralf' '
ducing the Raditis, butupon this Line alone independently. ,
. ;o e Sl Bepe 3
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There will be two Cafes, 1. If the firht Tearm be greater then
‘the fecond , the entrance is lateral ; Enter the fecond Tearm upon
the fickt, laying the Thread to the other foor.
~~ Then from the third Tearm in the Scale take the neareft diftance

tothe Thread , and meafure that Extent from the Center , and ic

fhews the Tearm fought, and fo if it were,
As Sine 308, To Sine 10d: o Sine 80, the tourth Proportional

would be found to be 20

In giving Examples to illuftrate the matter , 1 (h=ii make ufe of
.that noted Canon for making the Tables,

As the Semiradins , or Sine of 3¢d, T o the Sine of any Areh: Ss

the (Cofime of thas Arch, To the Sine of that Arch donbled.

But when the firft Yearm is lefs then the fecond,

Enter the length of the firft Tearm upon the fecond , faying the
Thread to the other foot of that Extent, then enter the third Tearm
Parralelly between the Scale and the Thread, and it fhews che fourch
Proportional fought.

So ific were, Asthe Sine of 10", To the Sinz of 304 : Sothe Sine
of 20"y To a forrsh, the 4 Proportiona| would be found to be

god.

Another geneval way wili be to do it by help of the Linb, by intro-
ducing the Radins in [uch Proportions wherein it is not

Lay the Thread to one of the middle Tearms in the Limbe, and
from the other middle Tearm on the Line of Sines take the nearelt
diftance toit , then enter one foot of that extent at the firft Tearm
on the Line of Sines , and lay the Thread to the other foot, and in

the Limbe it fhews the 4™ Proportional fought.

Example. .
If thethreeProportionals were , s Sine 554, ToSine 70d: So
Sine 30d, Toafourth, the fourth Proportional would be found

to be 354.
Bue if the firft Tearm of the Proportion be either a {mall Ark or
theanfwer above 704, the latrer parc of this general dire@ion for
more certainty may be turned into a Parrale! entrance, that isto

fay inftead of entring the Extent taken from one of the middle
Y Tearms




Y62 | Of the Line of Sines. _
Teartis ini the Siriés t6 the Thread laid over the other middle Tearm .
in the Limb , and entring it ac the firft Tearm in the Sines finding
the Anfwer in the Limb lay, the Thread to the firk Tearm in the
Limb, and find the Anfwer in the Line of Sines by, entring the for-
mher extent parralelly between the Scaleand the Thread.

What hath been fpoken concerning the Limb may. alfo be per-
formed by the Line of leffer Sines in the Limb by the fame Dire&i-
ons.
So if it were, Asrhe Sineof 5%, To Sine 36z Soithe Sine of 10°
Toa fourth, the 4'" Proportional would be found to be the Sine of
85, and the Operation beft per formed by the jointufe of the Libe
of Sines, and the lefler Sines by meking the latterientrancea Parra-

lel entrance. dsmxdu
When the Radius is in thethird place of a Proportion in Sines ofa

oreater to 4 lefs, the Operation is bot half fo much as-when it is not

ingredient.
Example,

As the Cefine of th: Latirude, To the Sine of the Declinatson, .
Sothe Radins, Tobe Sine of the Suns Amplisnde.

If the Suns declinationwere 13", to find'his Amplitude in our
Latitude for Zond» , take the Sine of 133 and enter one foot of it
on the Sine of 38128/ and to'the other foot lay the Thread and in
the Limb it fhews the Amplitude foughttobe 219 124

By changing the placesof the tWo middle Tearms., this Example
will be trrned into a Parralel entrance.

Lay the Thread to the Complement of the Latitude inthe Limb,
and enter the Sine of the Declination between it and the Scale, and
you will find the fame Atk in the Sines for the Amplitude fought, as

was before found in the Limb. 5%
Such Proportions of the greater to the lefs wherein the Radius is

notingredient , that have two fixed or conftant Tearms , may be
moft rexdily performed by thefisgle Line of Sines without the help

of the Limb.
An
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An Example for finding the Suns Amplitude:

"As the Cofine of the Latitude, Tothe Sine of the Suns greasef} de.
clsnation :
 Sothe Sine of the Suns diftance from the next Equiniial Point,
To the Sine of the Suns Amplitude.

Becaufe the two firft Tearms of this Proportion are fixed.the Am-
plitude anfwerable to every degree of the Suns place may be found
without removing the Thread ; To do it enter the Sine of the Suns
greateft Declination23 ' 317, at the Sine of the Latitudes Comple-
ment, and to the other foot laythe Thread , where keep it withoue
alteration , then for every degree of the Suns place counted in the
Sines take the neareft diftance to the Thread, and meafure thofe ex-
tentsdown the Line of Sines from the Center , and you will find the

- correfpondent Amplitudes.

e S e A e = s =T
sk — i e e e

Example.

i

‘Sowhen theSun enters = 12 ™ X | his Equino®ial diftance be-
ing 304, the Amplitude will be 184 417, and when he enters 11 $L
2 *v Equinox diftance 604, the Amplitude will be 334 427; and
when he enters % vr the greateft Amplitude will be 39! 5o/, his di-
ftance from che neareft Equino&ial Point being 904.

But for fuch Proportions in which there is not two fixed Tearms:s
the beft way to Operate them will be by the joint help of the Limbe
and Line of Sines.

- g
e T S
e

An Example for finding the Tim: of the day the Swns Azimuth
Declination and Alsitwde being given,

_Bythe Suns Azimuth is meant the angle thereof from the mid-
night part of the Meridian, the Proportion is '

Asthe Cofine of the Declination, Tothe Sine of the Azimsurh :
So ke Cofime of the Suns Altitwde, Toshe Siue of the kour from the
f_’Mﬁ ridmur. .
)? Z Exmphg
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Of the Line of Sines.

Example. _

So when the Sun hath 184 37’ North Declination; if his Azimuth:
be 694 from the Meridian, and the Altitude 394 , the hour will be &=
found to be 494 58/ from Noon. ' :

So if there were given the Hour, the Dzclination and Altitude by
tranipofing the Order of the former Proportion, it wili boid to find
the Azimuth,

As the Cofine of the Suns Alsitude , Tothe Sine of the bonr from

the Meridian :

Sothe Cofine of the Suns Diclination, To the Sincof the Azimuth

from the Meréidian. .

Commoanly in both thefe Cafesthe Latitnde is alfo known,and the
Affe&ionis to be determined according ro Rules formerly given.

A Proportion wholly in Secantswe have fhewed before may be
changed wholly into Sines ; but the like mutual’ converfion of the
Sines into Tangentsis not yet known , however it may be done in
any of the 16 Cafes wherein the Radinsis ingredient, for inftance,
lec the Proportion be to fiad the time of S in ring. >

As Radins | To Tangest of Latirude: S0 the Tangent of the De-
clination, Tothe Sine of the hour from 6. '

Inftead of the two firft Tearms it may be,

Asthe Cofine of the Latitnde, T'o the Sine of the Lari‘ude | then ine
ftead of the Tangent of the Dclination fay, So & the Sine bere-
of to aforrih.

Again,

As the Cofineof the De linat'on , To that fourth So Radims, To-

the Sine of the bowr fr.m fix+ This heingdcrived from the Ana-
lemma by: refolving a Triangle, one fide whereof is the Arch'of a
leffer Circle.

If a Quadrantwant Tangents or Secants in the Limb, but may ad-
mit of a Sine from the Center, the Tangent and Secant of che Lati-
cude, cie, may be takerrout by what hath beenafferted , to half the'
common Radius, and marked on the Limb, and the Qaadrant there-
by fitced to perform mofk of the Propofitions of the Spheere in one
Latitude, and how to fiipply the Defet of ‘a Line of ‘Verfed Sines in
the Limb (hall afterwards be thewne. -

: What




of the equal Limb. 165

" What hath been fpoken concerning a Line of Sines graduated on
~ a Quadrant from the Center, may by help of the equal Limb be pers
; formed without it.

1, A Proportisnal Sine may be taken off ro-any diminntive
Rddﬁ#!;

O 7 L O

By the Definition of Sines the right Sine of an Arch is a Line fall-
ing from the end of that Arch Perpendicularly to the-Radius drawn
to the other end of the faid Atch; _ L

So the Line H K falling Perpendicularly on the Radius F G fhall
be the Sine of the ArchH G, and by the fame Definition the Line
G1 falling perpendicularly on the Radius F H (hall alfo be the Sine
of the faid Arch , and whether the Radius be bigger or lefler , this
Defivition is common s but the Line G-I on a Quadrant reprefents
the neareff diftance from the Radius to the Thread, therefore a Sine
may be taken off from the Limb to any Diminutive Radius,, to per-
form which, _ .

Enter the length or Radius propofed downthe ftreight Line that
comes from the Center ofthe Quadrant , and limits the Limb; ob-
ferve where the Compaffes refts , this I call the fixed Point, becanfe
the Compaffes mult be fer down atic, atevery taking off, then'to
rake off the Sime of any Arch to that Radius, lay the Thread over
the Arch counted inthe Limb from the faid edge of the Quadrant,
and take the neareft diftanceto it for the length of the Sine fought
But to take out Sines to the Radivs of the graduated Limb fec down

. one foot at the Ark in the Limb, and take the nearelt diftance to the
two edge Lines of the Limb, ‘the one thall be the Sine;the other Co~

fine of the faid Ack,
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6 Of the Lines in the Limibs.

2 oA Propertion in Sines alonz may be veronghe by help of
the Limbe.

Tske out one of the middle Tearms by the former Prop. and en-
tring it down the right edge from the Center , take the neareft di-
ftance to the Thread laid over the other middle Tearm in the Limbe,
counted from right edge , then lay the Thread to the firft Tearmin
the Limbs and enter that extent between the right edge Line and the
Thread, the diftance of the foot of the Compa fles from the Center,
is the lengeh of the Sine fought, to be meafured in the Limb by en-
tring one foot of that Extentinit: S0 that the other turned about
may but juft touch one of the edge or fide Lines of the Limb iffuing
from the Center , or enter that Extent at the concurrence of the
Limbe with the faid Line, and lay the Thread to the other foot ac-
cording to the neareft diftance, and in the Limbe it fhews the Ark
fonght : Whence may be obferved how to prick of an angle by Sines
inftead of Chords.

From this and fome other following Propofitions I affert the
Hour and Azimuth may be found generally by the fole help of the
Limb of a Quadrant without Protra&tion. *

‘How from the Linesinforibed in the Limbe to take off 4 Sine,
Tangent, Secant and Ver[ed Sine 10 any Radins, if lefs then
balfthe common Radius of the Quadrant,

IT hath been afferted, that a Sine may be taken off from the Limb,
and by . conlequence any other Line there put on ; for by being
carried thither they are converted into Sines, and put on in the fame
manner, for by the Definition of Sines, if Lines were carryed Par-
ralel to the right edge of the Quadrant from the equal degrees of the
Limb to the left edge they would there conftitute a Line of Sines and
the Converle.

To find the fixed Point enter the Radius propofed twice down
the Line of Sines from the Center, or which 15 all one, Lay

the




. Totakeoff Lines from the Limbe, 167

che Thread over 30d of the Limb counted from the right edge to-
wards the left, and enter the limitted Radins berween the Thread
and the Scale ; fo that one foot turned abour may juft touch the
Thread , and the other refting on the Line of Sines, (hews the fix-
ed Point , atwhichif the Compafles be always fet down , and the
Thread laid over any Ark in the Tangent, Secant or leffer Sines, the
neareft diftances from the faid Point to the Thread fhall be the Sine,
Tangent, Secant, of the faid Arkto the limitted Radius.

But for fuch Lines as are put onto the common Radius, asthe’
Tangent of 454, ¢¢. the Radius is to be entred but once down from

the Center to find the fixed Point.
Of the Line of Secamts.

This Lioe fingly confidered is of fmall ufe but jun&@im with other

Lines of great ufe for the general finding the Hour and Azimuth -

Mc Foffer makes ufe of it in his Peffhuma to graduate the Meridian
Line of a Mercators Chart, which is done by the perpetual addition
of Secants,and the like may be done from this Line lying in the Limb
but a better way wil be to do it from a well graduared Meridian Line
by doubling or folding the edge of the Chard thereto, and fo gradu-
ate it by the Pen,

: Of the Line of Tangents.

The joint ufe of this Line with the Line of Sines is to work Pro-
portions in Sines and Tangents, in any Proportion wrought by help
of Lines in the Limb wherein the Radius is not ingredient, the Radi-
us muft be introduced according to the general Dire&ion,

If the two middle Tearms be Sinesthere muft be one Proportion
wrought wholly on the Line of Sines on the Backfide , and another
- on tlhe Line of Tangents on the forefide; but fuch Cafes are not
abal s ain -

Bucif the two middle Tearms be Tangents, the firft Operation
rauft be on the line of Tangents onthe forefide . and the latter on
the line of Sines on this backfide,unlef(s the Radius be ingredient:

A general Direition 13 work_ Propo: tions When 1he midile Tearms
are of a differens Species.

Ifa Sine be fovght, 3 Lay
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168 Of Proportiensin Sines andTangents.

Lay the Thread to the Tangent in the Limb being one of the mid-
dle Terms,and from the Sine being another of the middle Terms take
the neareft diftancetoit, then lay the Thread to the other Tangent
in the Limb, being the firft Tearm, and enter the former extent be-
tween the Scale and the Thread , and the foot of the Compafles on
the Line of Sines will (hew the fourth Proportional.

Example.

1f the Proportion were, «A4s the Tangent of 30d, To the Sine of 25

So 1 the T angent of 20d, To the Sine of 15d 37/,

Lay the Thread over the Tangeat of 204 in the Limb, and from
the Sine of 254 take the neareft diftancetoit, then lay the Thread
to the Tangent of 304, and the former extent fo entred that one
foot refting on the Sines , the other foor turned about may but juft
touch the Thread , and the refting foot will (hew 154 27/ for the
Sine fought.

2. Ifa Tangent be fought.

Lay the Thread to the Tangent being one of the middle Tearms,
and from the other middle Tearm being a Sine take the neareft di-
ftance thereto, chen Enter one foot of that extent at the firfk Tearm
being a Sine, and che Thread laid to the other foot (hews the fourth
Proportional in the Line of Tangents in the Limb.

Example,

So ifthe Proportion were , eAsthe Sine of 25d, To the Tangent
of 30d: Sossthe Sine of 32d, To aTangent, the fourth Proportio-
nal would be found to be the Tangent of 354 54/

Ifthe anfwer fall near the end of the Scale of Tangents, the latter
entrance may be made by laying the Thread to the firft Tearm in
the Limb, and bya Parralel entrance an Ark found on the Line of
Sines, then if the Thread be laid over the like Ark io the Limb it will
interfed the Tangent fought.

Thefe Directions prefuppofe the varying of the Proportion when
the Tangens excur the length of the Scale, according to the Dire&i-
ons inthe Trigon:merical part ; but as before fuggefted , thofe Di-

| rections




OF Proportions in Sines and Tangents. 1€9

re&ions are infufficient when one of the Tearms or Tangents are lefs
then the Complement of the Scale wanting , and the other greater
then the lengeh of the Scale , for two fuch Arks cannot be changed
into their Complements wichout ftill incurring the fame inconveni-
ence : in this Cafe only change the greater Tearm , which may be
done by help of the Line of Secants, for,

As th Tangent of an Arch, Tothe Sixe of another Arch,
8o 1 the Cofecant of the latter Areh, Tothe Cotangent of th: for=

mer.
And by Tranfpofing theO:der of the Tearms.

As a Sine, To a Tangent ;
So the Cotangent of the latter Areh, Torke Cofecansof the former,

Example,

Tfthe Proportion were, o4s the Sine of 84, 7o the Tangen: of 25°
S04 the Sine of 6¢4, Tothe Tangent of 71*: Here we might fore.
know by the natare of the Tearms that the Tangent fought would
be large or finde by tryal that it cannot be wrought upon the
Quadrant : We may therefore vary it thus, eAssheTangentof 25!
Tothe Sineof 84z Sothe Seca~tof 308, Tothe Tangent of 19", the

Complement of 71%, the Arch fought. |

Lay the Thread over 8 in the lefler Sines, and fet down one foot
of the‘Compaffes at the Sine of the fame Arch the Thread lyes over
intheLimb ; and rake the neareft diftanceto the Thread laid over
the Secant of 30 , then lay the Thread to the Tangentof 25°, and
enter the former extent between the T'hread and the Line of Sines ,
and the diftance of the foot of the Compaflzs from the Center mea-
fured on the Tangents on the forefide (heweth 19

But a more general Cautionin this Cafe without the help of the
Secants, would be by altring the larger Tangent into its Comple-
ment by introducing the Radius, and operating the Proportion on

‘the greater Tangent of 45%

Ifthe Proportior: were,

oA the Tangent of 70d, To the Sine of 6od :

8o the Tangent of 25d, Tothe Sine of 8427
Z




190" Of Proportions in Sines and Tangens3:

By introducing the Radius at two Operations it would be eafify
wrought, As Radiue, ToTanzent 35d, So Sine 60d, Toa fourth,

Again, Asthe Radiss 5 Tothe Tangent of 204: Sothat feurth, ~
T o 1he Sine fought. : AL

So the former Example wherein a Tangent is fought may be like-
wile varied.

#5 Radsine, ToTangent 35d: So Sine 6cd, To a fourth,

Again, Asihat fonrih, Tothe Radius: Soisthe Sine of 84, To.
Lﬁe{[h*ang{n: of the Arch fought , namely tothe Tangentof 19" as -

efore. '

Two Proportionswith the Radius in esch are as-fuddenly. done as

one withour the Radius. '
Operation.

Lay the Thread over the Tangent of 25'in the greater Tangents,
and from the Sine of 6cdtake the neareft diftance to it, enter that
extent at 9o, or the end of the Line of Sines , laying the Thread to
the other foot according to the neareft diftance ; then enter the Sine
of 8 ' parrzlelly between the Scale and the Thread and the diftance of
the fout of the Compafles from the Center isthe Tangent of the
Complement of the Ark fought to be meafured in the greater Tan-
gents by ferring down one foot at go* , and the Thread laid to the
other,, according the neareft-will lye over the Tangent of 194,

An Etamplé with the'Radius ingredient and a Sine ought, Dara,
Latitude,and Declination,to find the time when the Sun (hall be Eaft
or Wetft. :

As the Radins, Tothe Cotangent of the Latitude : -

So the Tangent [ the' Decliv.ation,

Tothe Sine of the honr from 6.

To be wrought by the help of the lefler Tangénrs,

When the Radius comes firlt and two Tangentsin the middle,
change the largeft Ark into its Complement to bring itinto the firft
place, and the Radius into the fecond ; then take out the Tgngent of
the other middle Ark., either from the forefide from the Scale, or

out of the Limb by fecting one foot at the Sine of 9od, and takiog the
neareft




of Proportions in Sines and Tangents, 171
‘wearel diftanceto the Thread laid' over the Tangent given , then
faying the Thread to the Tangent of the firft Ark, enter the former
extent between the Scale and the Thread, and the foot of the Coin-~
pafles will thew the Sine fought.

Otherways the two middle Tearms being Tangents , as alfo when
the ficfk Tearm and one of the m:ddle Tearmsis a Tangeat, change
the Radins and one of chofe Tangents into Sines.

- For, Asthe Radins, Tothe Tangent of any Ark

Sas the Cofime of the [aid Ark, Tothe Sine thereof.

And, As the Tangest of any Ark, To Radixns 3
S0 is the Sine of that eArk, T o the Cofine thereof.

And fo the former Proportion changed will be,
As the Sine of the Latirude, . To the Cofine of 1he Latitade :
So the Tangent of the Declinstion, To the Sine of the bour from fix,
When the Sun fhall he Eaft or Wetit.
A , Example,

If the Declination were 23! 30’ North , in our Latititude of Lox-
don g1’ 32/ tofind theSine fought, Lay the Thread to the Tan-
gent of the Declination in the Limb, and from the Complement of
the Latitade in the :Sines take the neareft diftanceto it, then laythe
Thread to the Sice of the Laticude in the lefler Sines and enter the

 former extent between the Thread and the Scale and the foot of the
Compafles (heweth the anfwer indegrees , if the Thread be laid ro
the Ark found in the Limb it there fhewethit in Time; Soin this
Example the time fought is 20¢ 14/, orin Time 1" 17" qefore 6 in
the morning or after it inin the Evening.

If the Lasitude and Declination Were given , T o find the Suns
Azimuth at the H.nr of 6.

‘As the Radins , T'o Cofine of the Latitude : So the T angent of the
Ssns Declination 3 Tothe Tangent of his Azimuth from the Ver=
tical. ;

In this Cafe a Tangent being the 4™ Tearm fought, the Operation

is very facil, -
\ Z 2 Lay
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172 of Preportions, &¢,

Lay the Thread to the Tangent of the Declination in the leffer
Tangents, and from the Cofine of the Latitude take the neareft dis
ftance to it, and cither meafure chat excent on the Tangentson the -
forefide , or fer one foot of that extent upon the Sine of 90! ; and
to the other [ay the Thread and it will interfe® the Tangent fouglic
inthe Limb : So in our Latitude when the Sun hath 23 307 of de-
cliration, his Azimuth ac the hour of & wiil be 154 9/ from the Baft
or Wett,

Another Examplé, So if the Suns diftance from the neareft Equi--
nﬂjti:li Point were 604, his right Afcenfion would be found to be
574 48,

The Proportion to perform this Propofition is,

As the Radius, To the Cofine of the Suns grearc f# Declination:

dothe Tangent of the Sunms diffarce from the n:xt Eqmindlial Point,

T'o the Tangcnt of the Stns rigke Afc-»fion, or when the Tangents
are large,

Asthe Cofine of the Suns greateft de lination, To Radins :

Sothe Cotangent of the Sisns diftaricé from the Equiniétial’Point.

Tothe Cotangent of bis right eAfcenfion.

By what bath been (aid it appears that the working Proportions
by the natural Lines is more troublefome then by the Logarithmical, -
however this trouble wil be fhdfined in the ufe of the great Quadrant
by help of the Circle on the backfide:

_I'now come to fhew how the Hofir of the Day , and the Azintuth*
of the Sun may be found univerfally by the Lines on the Quadrant,
which is the prineipal thing intended.

The firft Operatsi-n for the Hotir will be to find what Altitude
or Depreffion ihe Sun [hall bave at the hour of 6.

The Proportion to find ic i,

Asthe Radus, Tothe Sineof the Latitude : °
So 1he ine of the Sa=s Declination,

T othe [ine of the Altitude [onght,

Example:




General Proportions far the Honr & Azimuriy, 173

b
E xample.

80 in Latitude 514 32/, the Suns declination being 234 31/, To
find his Altitude or Depreflionat 6, Lay the Thread to the Sine of
the Latitude in the Limb , and from the fine of the Suns Declination
take the neareft dittance to ic, which extent meafured from che Cen-
ter will be found to be 184 127,

This remains fixed for one Day , and therefore mult be recorded,
ot have a mark fet to it.

Afterwards the Proportion is,

Asthe Cefine of the Declination, To the Sccant of the Latitude,

Or, Asthe Cofine of the Latitude , Tothe Secant of the Diclination s

Soin Summe @ the difference , but in Winter the Sum of the (ines
ofthe Suns propofed or obferved Alritude , and of his Alritude or
D:preflion at 6,

Tothe Sine of the honr: from 6 towards Noon in Winter , 4s alfo in
Summer when the Altitude is more then che Aletude of 6,0therways
towards Midnight.

To Operate this.

In Winter to the fine of the Suns Depreflionst 6, add the fine
of the Altitude propofed , by fetting down the extent hereof out-
ward at the end of the former extent ; in Summer take the diftance
between the fine of the Snns Altitude, and the fine of his Alutude at
6,and enter either of chefe extents twice down the Line of fines from
the Center, then lay the Thread to the Secant being one of the mid-
dle Tearms , and take the nearef diftance ro ir, Laftly, enterone
foot of this extent at the firft Tearm, beirga Sine , and to the other
foot lay the Thread,and in the equal Limb it (hews the L our from 6,
which is accordingly numbred with bours.

But when the Hour is neer Noon, the anfwer may be found in the
Line of Sines with more certainty by laying the Thread to the firft
Tearm in the Limbyggnd entring the latter extent Parralelly between
the Scale:and the Thread.

Otherways.

Enter theaforefaid fum or difference of fines once down the Line
of Sines from the Center; anddaying the Thread to the Sécant, beirg
one of the middle Tearms,, takethe neareftdiftance to it , then lay

& the Thread to the firft Ark in che lefler fines, and enter the former
. extent’
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174  General Proportions of the Hour & Azimuth.

extent between the Thread and the Scale, andthe foot enthe Coma =
paffes on the Line fheweth the Sine of the Hour, -

Example.

1f the Altitude were 45 42/, take the diftance between it and the
fine of 184 12/ before found enter this extent twice down che Line
of fines from the Center , and laying the Thread over the Secant of
14 32’ takecheneareft ro it then eatring one foot of this extent
at 664 29/ in the Lioe of Sines the Thread being laid to the other ac-
cordirg to neareft diftance will lye over 454 in the Limb {hewing the
hour to be eicher 9 in the morning , or3 in the afternoon, and fo it
will be found alfo in the latter Operation by entring the firft exrent
once down the fines, and taking the diftance to the Thread lying
over the Secant of the Latitude , and then laying the Thread to 664
29/ in the Limbe , and entring that extent between the Scale and thie
T hread.

Tofind the Suns e Azimith

The firlt Operation will beto get the Suns Altitude in the Verti-
cal Circle, thatis, being Eaft ar Weft. -

As the [ixe of the Latstude, To Radiss :

So i the Sine of the Declin . tion,

Tothe fine of the Alsitnd.

So in our Latitude of ZLondsw , when the Sun hath 239 31/ of-de-
clination, his Vertical Altirude in Summer will be found to be 30' 39" ~
and fo much is the Depreflion when he hath as much 'Souch declina-
tion, _

This found either by a Parralel entrancempthe Line of Sines by
laying the Thread to the five of the Latitude in the Limb , and en- -
tring the fine of the Declination berween the Scale and the Thread,
or by a Lateral entrance in the Limbe changing the Radius into the
third place , and then enter the fine of thé Declination en the Sine
of the Latitude, laying the Thread vo the otber foot, and in the Limb
it (1iewes the Alitude fought ; having :found this Ark let it be re-

corded

-




General Proportions for the Hour & Aximuth, 175

corded or have a mark fet to it,becaufeit remains fixed for one Day,
afrerwards the Proportion to be wrought is,

oAt the (ofine of the Altimie, Tothe Targent of the Latirnde :
54 in Summer is the differesce in Winter the [um of the Sines of vhe
Suns Alstude, and of bis Vertical e Aliitnde or Depr:[fian
Tothe Sine of the Azimnth from the Eaft or Weft towards n'on Me-
yidian in Winter as alfo in Summer , whente g ven Altitude is
more then the Vertical Altirnde, butif 1 [stowards the Midnight
Meridian.
This Proportion- may be wrought divers ways on the Quadrant
after the fame manner as the former, 1 (hall therefore illuftrate it by

fome Examples.
Declination 134, Latititude 514 32/, Vertical Altitude 16" 42

Propofed M_ti'tude in] Summer 414, 53
S Wanter -—13 - 13

Eater the aforefaid fum or difference of Sines twice down from the
Center ofthe Qiadran), and take the neareft diftance to the Thread
being laid over che Tangent of the Latitude , this extent fet down at
the Cofine of the Afticude , and lay the Threid tothe other foet
and in the Limbe it fhews the Azimurh fought . Soin this Example
the Az'muth will be found ro be 40d bothi- tn Summer and Winter
from Eaft or Weft towards Noon Meridian,

v

Otherways.

Enter the aforefaid fum or differcnce of (ines but down from the
Cenrer . and take the neareft diftance to the Thread lsid over the
- Tang:nt of the Lacitude, thea lay the Thread to the Complement of
che Aldtude in the teffer fines , and enter the former extent between
the Scale and the Tliread, and the anfwer wili be given in the Line of
Sines, fuppofing the declination unchanged, if the Altitude were
ot 2 17 both for the Winter and che Summer Example, the Azimuth
at Lopdon would b2 o' 227 from the Eakt or Weflt Morchwards in

Summer, and 354 Southwards in Winter.-

Hitherto
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Hitberto we fuppofe the Latitude not to exceed thelengeh of the
Tangents, whether it doth or not this Proportion may be otherways
wrought by changing the two firft Tearms ofit; Inftead of the Co-
fine of the Altitade to the Tangent of the Laritude s We may fay,
As the {otangent ef the Latitude, To the Secan of the Alitude :

So when the Sun hath 234 317 of North Declination in our Lati-
tude , and his Altitude 574 7, take the diftance between the fine
thereof nnd the fine of 304 39" the Altitude of Ealt and enter it once
down from the Cen‘er, and take the neareft diftance to the Thread
laid over the Secant of the Altitude, viz., 574 7’5 then lay the
Thread to0 382 28 in the Tangents , and enter the former extent
between tle Scale and the Thread, and the Compaffes on the
Line of Sines will reft at 504 for the Azimuth from Eaft or Weft
Southwards, becaufe the Alritude was morethen the Vertical Alti-
tude.

O:h:rivays Without the Secant in all Cafes by belp of the greater
Tang nt of 45d,

Enter theaforefaid Sum or difference ofthe Siges once down from
the Center and lay the Thread to the Tangent or Cotangent of the
Latitude in the grearer Tangents, and take the neareft diftance to it.

Then for Lititades under 45 *enter the former excent at the Corme
plement of the Altitude in the Line of Sines , and find the anfwer in
the Limb by laying the Thread to the other foot, orif it'be more
conventent make a Parralel entrance ofit, and find the anf{wer in the
Sines as before hinted. i

But for Latitudes above 454, firflt finda fourth by entring the
fum or difference of fines between the Scale and the Threald and
then it willhold , A5 the firf Tearm , To tha: fourib : So Radins,
To the Sine of the Azimath, and may be either a Lareral or Partalel
éntrance, accordirg as it falls ot , ‘and as the Radins is put either in
the fecond or third place , inallthefe Dire®ions the introducement .
of the Radiusis fuppefed according toto the general Advertife-
ment.

The finding of the Amplitude this way prefappofeth the Vertical

Altitude known, and then the Proportion derived from the Analem-
ma, not from the 16 Cafes is,

As
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‘Asshe Radiss, Tothe Tangent of the Latitude, d
. 8o the Sine of the Vertical Alvisnde , To the Sine of the Amplitn e

So alf to find the time of Sun rifing-
As the Cofine of the Declination, To Sccant of the Latitnde :
So the (ine of the Suns Altiyude ar 6,To the Sine of the hour of rifing

from fiz.

To find the Suns Azimuih at fix of the clock otherways then
by the 16 Cafes.

As the Cofine of the Suns Altitnde at 6,To Tangentof the Latitude,
So is the difference of the fimes of the Suns Aliirnae at 6, and of his

Vertical dititnde,
To the fine of the Azimuth from the Vertical.

~ To find the time when the Sun (hall be due Eaft or Wefl.

eAs Cofin* of the Declination, To Secant of th: Latstnde :
So the difference of the Sines of the Snns Altirude at 6, andof his
Vertical Altirude, Tothe Sine of the hanr from 6, When the Sun

(ball be dne Eaft or Wweft.

Thefe Proportions derived from the Analemma, are general both
for the Sun and Stars in all Latitudes ; but when the Declination ei-
ther of Sun er Stars exceed the Latitude of the place, this Proporti-
on for finding the Azimuth cannot be at fome times conveniently
performed on a Quadrant , but muft be fupplyed from another Pro-
portion, whereof more hereafter.

Of the Hour and Azimuth Scaleson the E dges of tlhe Ruadrant.

Thefe Scales are ficted for the more ready finding the Honrand
Azimuth in one Lacitude, being only to facilitate the former general
Wap. .

The Labour faved hereby is twofold , firft che. Suns declination is
graved againft the Suns Altitude of 6in the Hour fcale , and che faid
Declinations continued at the other end of the faid bour Scaleto giiu:
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178  Oftheparticular Seales,

the quantity of theSuns Deprefiionin Winter equal to his Alcitude
in Summer ; and fecondly they are of a fitted length as was fhewed
in the Defcription of the Quadrant,, and thereby halfthe trouble by
introducing the Radius fhunned.

The Ufeof the Aximuth Scal ..

T he Alsitude and D clination of the Sun givento find his
eAzimuth.

Take the diftance between the Suns Altitude in the Scale, and his-
Declination in Summer time in that Scale that ftands adjoyning to:
the fide; in Winter in that Scale thatis continued the other way
beyond the .beginning , and laying the Thread to the Complement
ofthe Suns Altitude in the leffer fines, which is double numbred, en-
ver this extent between the Scale and the Thread parralelly, and the .
foot of the Compafles fheweth in the Line of Sines the Azimuth ac-
cordingly, .

Declination 234 31/, Altitude 474 277, the Azimuth thereto:
would be 254 from Eaft or Weft in Summer , and if the Alitude:
were 91 437 in Winter the Azimuth thereto would be 304 sither
way from the Meridian.

And fo when the Sun hath no Altitude , lay the Thread' over 9od
in the lefTer Sines and enter the extent from the beginning of the Azi-
muth Scale to the Declination, and you will finde the Amplitnde
which to this Declination will be 394 507

T be ‘Uﬁ?; of the Hour § cale.

T find the Honr of the Day

Ake the diftance between the Suns Altitude in the hour Seale,

and his Declination proper to the feafon of the year, then lay-

wg the Thread to the Complement of the Suns Declination in the
leffer.
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 leffer fines enter the former extent berween theScalé and the Thread
and the foot of the CompafTes (heweth the fine of the hour;

- Example,

Ifthe Declination were 134 North, and the Altitude 374 13/ take
the diftance between it in ‘the Scale and 134 in the prickt Line, then
laying the Thread to 774 in the leffer fine enter that-extent between
the Scale and the Thread, and the refting foot will hew 454 for the
hour from 6, thatiseither 9 in the forenoon, or 3 10 the after-
noon.

The C'alwf,": of the former Propofirion will be to find the Suns
Altitude onall Hours,

‘The Thread lying over the Complement of the Suns Declination
inthe leffer fines from the fine of the hour, take the neareft diftance
to it, thenfet down one foot of that extent in the hour Scale at the
Peclination, and the other will reach to the Alitude.

Example,
At Londen, for thefe Scales are fitted thereto, Twould find che
Suns Alcitude at the hours of 5 and at 7 in the morning in Summer
when the Sun hath 234 317 of Declination. |
Here laying the Threadto 234 31/the Suns declination from the
end of the leffer Sines being double numbred, from the fine of 1 5d,
taking the neareft diftance coic, fet down one foor of this extent at
234 31/ the declination it reaches downwards to 94 30/, and up-
wards to 274 23/ the Suns Altitude at 5 and 7 a clockin the morn-
ing in Summer.
. Ansther Example.

Let it be required to find che Suns Alitudes at the hours of 10 o
2 when his declination is 23¢ 31/ both North and South.

The Thread lying as before over the leffer fines take the neareft
diftance to it from 6o' in the fines, the faid extent fet down at 234
31/ inthe pricke Line reaches to 534 44/ for the Summer Alci-

.tude,and being fet down ac 234 317 on the other or lower continued
Line reaches to 10 28 for the Wizter Altitude. i
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180 of the particular Stales

The Honr may bz alfo fonnd in the Verfed fines by belp of this
fisted howr Scale, '

Take the diftance between the Suns Altitude, admit 3¢d 42/, and
his Meridian Alritude to that Declination 614 59/, and enter one
foot of thisextent at thefine 0f 664 297 | and laying the Thread to
the other foot accordingto nearefl diftance and it will lyeover the
hours of 8 inthe moraing, or 4 in the afternoon in the Verfed fizes
in the Limb , and thereby alfo may the time of Suns rifing be found
by taking the diftance from o to the Meridian Altitode and entring it
a- the Cofine of the Declination as before and the Converse will find
the Suns Altitudes on all hours by taking the diftance from the Co-
fine of the Declination tothe Thread laid over the Verfed fine of
the hour from Noon , and the faid Extent will reach from the Me-
ridian Alritude in the ficted S:ale to the Altitude fought,

i

Tofind the time of Sun rifing or fetting,

Lay the Thread over the Complement of the declination as before;
in the lefler fines,and enter the extent between the & Altitude, which
is nothing that 1s from the beginning of the Hour Scale to the Declie
nation between the Scale and the Thread and the foot of the Com-
paffes fhiewsitin the Line of fines, which may be converted into,
Time by he!p of the Limb. ‘ ke

Ifthefe Scales be continued further in length as.alfo the Declina--
tions they will after the fame manner find the Stars hour forany Star,
whatfoeve: to be converied into common Time, asin thealesofche
Projedion,ss alfo the Az.muth of any Starthac hach lefs declination
then the place hath Latitade, but of thi; more in the next Quadrant.

In Dyalling there will be often ufe of natural fines ; whereas thefe
Scales are continued but to 624, if thereforeit be defired ro take:
out any fineto the fame Radus, the reft of the Scale wanting may be
eafily fupplyed, for the difference of the (ines of avy two,Arks equish
diftant from 0.4 is €qual to the fine of.their ditance, Sdy i vy pd

Thus the fine of 204 is equal to the difference of the fingsiof 404
and 804 Arks of like ditance from 604 on each fide, and fo may be.

, added either to 404 forward ;. or the other way from the end of the

Scale.. In: |
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In finding the Hour and Az'muth by thefe Scalez, not in the Ver-
fed fines, the Dire®ions altogether preferibe a Parralel entrance ;
but if the Extent from the Alcitadeothe Daj:iinatiun he entred at
the Cofine of the Altitude or of the D:clination in the Line offines
according as the Cafeis, and the Thread laid to the other fobr, the
Hour and Azimuth may be found in the lefler-finesby a Lateral en-
trance.
Or if the faid Extent be duubied_and entréd 4s before hinted , the
anfwer will bs found in the equal Limb.

Example to finithe Suns Azimnth.
Declination 234 31/ North.
* Aiticode——41 * 34

Having taken chediftahte ‘between thefe two Tearms inthe Azi-
muth Scale and doubled it, enter doe footin the Line 6F fines at 484
26/, the Complement of the Alticade, ;and laying the Thread to the
other zccording to neateftdiftance it will lye over 154 of the eqaal
Limb for che Suns Az'much from the Eaft or Weft Southiwards.

¥ The Tfe Qfﬁf P;frﬁd Sisrsin the Limbe.

It may be noted inthe former general Proportion, I have ufed
the word Azimuth from Noon or Midnight Meridian, though oot
fo proper , ‘becanfe they. are more univerfal and commoh to bo:h
Hemifphetés , other expreffions befides their Verbofity wohld be
Full'oF Cantion for'the Following Peoportion in our Northern Hemi
fpere, withoutthe Tropick thar finds it from che South betweenthe
Tropick of Cencer'and the Equinodtinl; ‘whenthe Sun comesto the
Meéridian between theé Zenith and the Elevared Pole would Bad it
Trof'the Noteh, wheréeforeitis fic to be retained, .
COTLOVOD S peMeral Propsviiin for find ing the Honrs

Asthe Cofine of the Declination, 7o the Sccant o the Latitnde *
Or, A5 the Cofint of ¥he Daritnde | Tothe Sccaat of the Doclination :
So 1 the difference of the Sines of the Suans Alritud. propofed , and of
his Mevidian AP 0 © - i ud
To the Verfed Sine of the hoer from No ka3l W,
And So ss the fism of the fintsof 1HE Suns propifed winirside; andof his
~ Midnight Depre ffion, T'e




182 General Pyoportions for the Hour & Aximute,

Lo the Ver(ed fine of th: bowr from Midnighs :
Ard So és the [ine of the Suns Mevidian Aliitude
T o the Verfed fine of the Semidinrnal Avk s
And So és the fine of the Suns Midnight Depreffion,
T o.the Verfed fine of the Seminollurnal Ark,

The Operation will be like the former , I fhall therefore onely il-
luftrate it by one Example , the Meridian Altitude is got in Winter
by differencing, in Summer by adding the Declination to the Com-
plement of the Latitude, if the fam exceed 9od the Complement
thereof toj180d is the Meridian Alticude.

An Example for finding the Hour from N aoon.
Declination—23' 31/ Norththe 11" 7aze.
Comp. Latitade— 38 28 London.

61 59 Meridian Altitude.
Propofed Altitude—36 42, takethe diftance between che fines of
thefe two Arks, and enter it once down theLine of fines from the
Center , and take the diftance to the Thread laid over the Secant,
then enter one foot of that extent at the fine being the firft Tearm,
and to the other lay the Thread, and in the Verfed fines in the Limb
it will lye over the Verfed Sine of the hour from Noon. - 1
Inthis Example, if the Thread be laid over the Secant of
d 7 i
231 335 }the extert muft be entred at the fine of ;g :39’
either way the anfwer will fallupon 6od of the Verfed fine fhewing
the Hour to be either 8 in the forenoon, or 4 inthe afterncen.
Ifthe hour fall near noon , then the extent of the Compaffes may
be Quadrupled and entred as before, and look for the anfwer in the
Verfed Sines Quadrupled: Or before the diftance betookto the
Thread the extent of difference may be entred four times down from
the Center. ;

T he Converfe.ofthis Propofition will be to find the Suns Alistnde
on all Howrs umiverfally. . . )
As the Secant of the Latitnde, To Cofine Declination,
Or, s 1% Secans of the Dec lination, To Cefine Latitnie s

So the Verfed fine of the hour from Neon,

Te
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T o the difference of the fines of the Suns Meridian Altitnde and of bis
Altitude [inght , to be fubftracted from the fine of che Meridian
Altitude , and chere will remain the fine of the Alricude foughe,

Soin Latitode of Lowden , if the Suns Declination were 134 02/,

and'the hour fromnoon 754, that is either 7in the morning,or 5 in
the afternoon. |

Lay tlie Thread over the Verfed fine of the houor from noon

namely, 754 , and from the fine of 774the Complement of the De-
clination , take the neareft diftance to it, then lay the Thread to the
Secant of che Latitude,and enter the former extent between the Scale
and the Thread, and you will find a fine equal to the difference
fought,which fine take between the Compaffes and fetting down one
foot at the fineof 514 28 the Meridian Alticude, the cother foot
turned towards the Center will fall upon the fine of 194 27" the Al-
tiude fought. H
A'General Proporsion fer the Aximuth.

Get the Remainder or D.flerence between thefe two Arks, the
Suns Altitude and the Complement of the Latitude by Subfira&ing
the lefs from the greater,and then the Proportion wiil hold,

Asthe Cofine of the Lasitnde, Istothe Secant of the Altitnde
Or, Asthe Cofine of the Alriinde, Tothe Secant of the Lati nde

8o #s the [wm of the fines of the Suns Declination, and of the aforefuid

Remainder ; Tothe Verfed Sine of the Azimuth from the Noow

Meridian in Summer. only when the Suns. Alritnde is lefs then the
Complement of the Laritude. In all other Cales, So i the diffe-
" wence of the faid fines,
Tothe Ver[ed fine of the Azimmb, as before from Non Meridiar.

- Example.

The 11" of Fune aforefaid, the @ having 234 31/ of North de-
clination, his Altitude was obferved to be 184 207, which fubftra@-
ed from 384 28/ the remainderis 204 8/, take ouc the fine there-
of , and fec down one foot at the fine of 234 31/, and fet the other
forwards towards 9od, then take the neareft to the Thread laid over
the Secant of the Latitude 514 327, enter one foot of this Extent ac
the Complement of the Altitude by reckoning the Altitude it felf
from god towards the Center, and the Thread Jaid to the ocher foot

outs the Line of Vierfed fines at 1054 the Azimuth from the S\Dﬂth-i
3 The
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The fame day when the' Akitude was more then the Colatitude,
fuppofe 60d 11/ the Remainder will be found to be 21d 43/, take the
diftance between the fine thereof and of 23431/, and becaufethe
Extent is but fmall enter it four times down the Line of fines from
the Center, and take the neareft diftafice to the Thread laid over the.
Secant of the Latitude', which entred at the Cofine of the Altitude,
the Thread laid to tire other foot thews 2§d inthe Quadruapled Ver-
fed Sines for the Azimuth from the South.

T he Proportion hence devived for the Amplitnde.
oA .t{éa (ofine of the Lasitude, To'Sceant of the Declination,&c. as :
before. .
Soin Summer is the fum in Winter | the difference of the fines of the
Suns Declination, and of the Csmplement of the Latituds,
To the Ver[ed Sine of the Amplitnde from Noow UMeridiin,
The Proportion for the Azimuth will be better expreft by making
the difference to be a difference of Verfed fines.

How the Verfed [i7es in the Limbe maybe fparedin Cafe s Qsas |
dvant w nt them.

Ifa Quadrant canonly admitofa Lineof fines from the Ceater,
the common Quadrant of Mr Gusters very well may , on the right
edge above the Margent for the Numbers of the Azimuths,’it may be
eafily ficted for any or many Latitudes by fetring Marks-or Pricks to
the Tangentand Secant of the Latitudes inthe Limbe, which m1y be
taken out by hetp of the Limb, Line of Sines, or by Protraiion, and
cither of thefe general Proportions wrought upon it, or thofe which
follow , if'it be obfetved that whenfoever the Thread lyes over the
Veefed fine of any Ark in the Limbe, italfoacthe fame Time lyeth
over & Sine equal to half that Ver{ed fineto the common Radius:: .
Now becaufe the fine of 30¢ doubled is equal to the Radius; levit be:
obferved whether the finecut by the Thread be greateror lefs then
30 deg, | S ety sbusizad aldido sneaeey

Wihen it is lefs let the Line of Sines veprefent tlve-former half-ofas
Fiae of Verfed Sines, and take the fine of the Arkthe Threadday
over s and enter it twice forward  from the end-of the Smle.mwarﬂu

the
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the Center, and you will obtain the Verfed fine of the angle foughe.

When it is more take the diftance between the fine of 30d and the
faid fine,, and letting the Line of fines reprefent the latter half ofa
Lme of Verfed fines, enter the faid diftance twice from the Center,
and you will obtain the Verfed fine of the Arch foughe, namely, che
fine of an Arch, whereto 9od muft be added.

T hree fides to find an Angle, a general Propertion.

eAs the Sine of one of the Sides including an angle,

Is to the Secant of the Complement of the other sucluding fide :

80 13 the difference of the Verfed Sin-sof the thivd fide, ani of the
Ark of difference betwen the two including fides,

T o the Verfed Sine of the Angle fonght.

And So is the difference of the Vered fines of the third fide | anlof the

[um of the swo including fides,

Zo she Verfed fine of the fouzht angles Complement to 1804,

To repeat the Corverfe when two fides and the angle compre-

hended are given to find the third fide were needlefs,

If one of the containing fides be greater then a Quadrant, inftesd
of it in referrence tothe two firt Tearms of the Proportion | take
the Complement thereof to 1804 for the repuzed fide , but in diffe-
rencing or fumming the two containing fides alter it not : And fur-
ther note, that the fame Verfed fine is common to an Ark lefs then

‘aSemicircle, and to its Complement to 360d.

The Operation of this Proportion will be wholly like the former,
fo that there needs no dire&ion but only how to rake out a difference
of two Verfed fines to the common Radius, fecing this Quadrant of

~ fo fmall a Radius is not capable of fuch 4 Line from the Center.

And here note that the difference of two Verfed fines lefs thena
Quadrant, is equal to the difference of the natural fines of the Com-
plements of thofe Arks,

And the difference of two Verfed fines greater then a Quadrant
1s equal co the difference of the natural fines of the excefs of thofe
Arks above gcd

And by confequence the difference of theVerfed fines of two Arks

the onelels , the oiher greater then a Quadrancis equalto the fumf
0
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I 86 General Propertions of the Hour ¢ Azimuth,

of the natural fines of the leffer Arks Complément to 90!, and the
oreater Arks excefs above it. :

And fo a difference of Verfed fines may be taken out of theLine =
of natural fines confidered as fuch. | '

O: the Line of fines may be confidered fo metimes to reprefent the
former half of a Line of Verfed Sinesas it is numbred: with the fmall
figures by its Complements from the end of itto 9odat the Center,
and fometimes the latter half of it and then the graduations of it 2s
Sines muft be confidered as numbred from 9od to 1804 at the end of
it, and {oadifferenceto be taken out of it by taking the diftance be-
cween the two Tearms,which if the two Arks fall the one to be grea-
ter the other lefs then 904 will be a fum of two finer, as before hint-
ed, and in this Cafe'the fine of the greater Arks excefs above god to
be fet down outwards if it may be, atthe Verfed fine of the leffer
Ark, or which is all one, at the fine of that Arks Complement, and
the diftance from the Exterior foot of the Compaflesto the Center

will be equal to the difference of the Verfed fines of the Atks propos

fed.
To meafure 4 diffevence of Verfed fines to the common Radsus.

I this Cafe alfo the Line of fines muft fometimes reprefent the
former, fometimes the latcer half of a Line of Verfed fines, and then
one foot of the difference applyed to one Ark, the other will fall
in many Cafes upon the Ak fought , each Proportion varioufly ex-
preft , fo that pofiibly eitber one or the other will ferve in all Cafes.

Bue if one of the feet of the Compafles falls beyond the Center of
the Quadrant : To find how muchit falls beyond it bring the faid
foot to the Center , and let the other fall backward on the Line
then will the diftance between the faid other foot , whereit now fal=
lech, and the place where it ftood before be equal to the excefs of the
former foot beyond the Center, which accordingly thence meafured
helps youto the Arch fought, and its Complement both at once with
due regard to the reprefentation of the Line ; this thould be well
obferved, for it will be of ofe on other Tnftruments, |

A difference of Verfed fines thus taken out to the Common

Radius muft be entred but once down from the Center. T
e
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 Torake ont 4 Difference of Perfid fines o bhalf the common Radins.

*'Count both the Arks propofed on the Verfed fines in the Limbe,
and find what Arks of the equal Limbe anfwer thereto, then out of
 the Line of fines rake the diltance berween the faid Arks, and you

have the extent required , which being but half fo large as it {hould
be is to be entred twice down from the Center,

T meafure a difference of Ver[ed fincs to half the common Radisis.-

 The Verfed fines are largeft at that end numbred with 180', count

the given Atk from thence , and laying the Thread over the equal

Limb find what Atk anfwers theleto , then fetting down the Com-

paffes at the like Ark in the Line of fines from the end of it towards

the Center mind upon what Ark it falls, the Thread laid to the like

Ark in the Limb theweth on the Verfed fines the Ark foughr,

To fave the fabour of drawing a Triangle, 1 fhall deliver the Pro-
rtion for the Azimuth derived from the general Proportion,
As the Cofine of the Latitude, To the Secant of the Altitude
Or, As the Cofine of the eAlsitude, Tothe Sccant of the Latitude <
So ts the difference of the Verfed fines of the Sun or Starsdiffance
from the Elevated Pole , and of the Ark of difference between roe
Latitude and Altititnde.
To the Ver[ed fine of the Azimuth fonght ; as it falls in the Spheere
thac is from the Midnight Meridian.

And 80 4 the difference of the Ver[ed [ines of the Polar diftance, and of
the Ark of difference between a Semicircle andthe [um of the Latic
tude and Altitude,

Tothe Verfed Sine of ths Azimuth from Nosn Meridian,

eA Canon derived from the Tnverfe of the general Proportson to
. finde the Diftance of place s in the Ark of agreat Circle.

Asthe Secant of one of the Latitudes,

T o the Cofine of the other,

Sothe Ve erfed fine of the difference of Longitude,

Toithe diffe-ence of the Ver[ed ﬁﬂfﬁ ::-I}: the Arkeof diffance fongtsy ang
Lb2 of




1°8 To find the Diftance of places.

of the Ark of differcnce between beth I atitudes , Whenin the fime He:
wmifpheve , or the Ark of the (wmof borh Latitudeswhen in both Hemin
. fpheres, which d fferemce aaded to the Verfed fine of the (aid Ark gives
{1 she Verfed fine of i he Arleof diftance /. wghts
And So ss the Ver[ed fine o' 1 Compi ment of the difference of Longs
titude to 1 80d=

Tothe difference of the Virfed fines of the Arkof diftance fought, and’
ofan Aik being the fum of the Complements of both Latitudes when-
in one Hemifphere ; Or the fum of the leffer Latitude encreafed by
9o, and of the Complement of the greater Latitude when in diffes
rent Hemifpheres, which difference fubftra®ed from the Verfed fine

ftance foughe.

This Proportion is to be wrought after the fame manner aswe-
found che Suns Altitudes on all hours univerfaily; and the différerce

a Line of Verled fines, according to the Dire®ions given for meafu-
ring of a d flerence of Verled fines to the common Radius or. R adius .
of the Qaadrant:

By altring 1he 1wo firft Tearms of the Preportion above, We may.
work this Propofition by p-(itive entrance.
eAs the Radins, Tothe Cofine of oneof the Latisudes+
do.1he Cofine of the other Latisude, To a fourth!
Again.
Asthe Radirs Tothe Verfed fine,as above expreffed in both parts,
S0 4 that feurth, Toshe difference asabove exprefled. -

edn Example for finding the diffance between London and Bantum
in the Arch of 4 great Circle the [ame. thvt was propofed in
Pige cé.
Bantam : 1401 . 1 40" Senth.
Fe }Lorgltudc} e Sc,gLamude- EI 32 North.
d.fference of Longitude 114 100 Sum §7 12
Lay the Thread to 5¢ 40/ in the Limb counted from left edge and
from 38' 28/inthe finesthe Complement of our Latitude take the
neareft diftance to it, then lay the Thread to 114! 10/ in the
Verfed (ines and entring the former extent down the Line of. t!'im:n:-
rom:

of the faid Ark., there will remain the Verfed fine of the Ark of di-

to be meafured in the Line of fines as reprefenting the former halfof
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feom the Center take the neareft diftance to it, then laying the
Thread over §7' 12/ in the Verfed fine, it cuts the Limbe at 137 157
from the right edge, at the like Atk fer down one foot of the former
extent in the Line of fines, and the other will reach to the Sine of 41
42/, then laying the Thread over the like Arkin the Limb, it will i-»
~ terfe@ the Verfed {inesat 1¢o! 18/ the Ark of diftance fought to be

converted into Leagues or Miles according to the number of Leagues
" or Milesthat anfiwer to a degree in each feveral Country:

‘Thus when we have two fides with the angle comprehended to
find the third fide, either to half or the whole common Radius with-
out a Line of natural Verfed fines from the Cenzer., or by the Pro-
portions in page 93,.0ra third way , which I pretermit to the great
Quadrant;; and thus the Reader may perceive this fmall Quadrane
to be many ways both Uaiverfall and particular, which are of fudden

per formance though tedious in expreflion,

T hree fides to find an angle.
Each of the Proportions in ReGtanglesand Squares before deliver-
ed for the Tables, may as before fuggefted be reduced to fingle
Tearms , an inftance fhall be given in that which finds the Square of
the fine of halfthe Angle fought.

Add the three fides of the Triangle together, and from the half
fum fubftra each of the fides including the angle fought,then it will
hold, _

oA the [ine of one of the C omprébending fides, (rather the greater
that the entrance may be Lateral.)

Is'vo the fine of the difference of the [ame [ide from the half [um : .

So is the fime of the difference of 1b. asher comprekesding fide,

T'0 4 foursh fine,
i Again.
eAs the Sine of the other comprehending fide,
Is to that foursh fine ;.

So 7 the Radins, T half the Ver/ed fine of the angle fonghs, And Se

5 the Diameter, Tothe whole Verfed [ine.
Towork this onthe Quadrant

. Uponthe firft Tearm in the Line of fines being .the greateft con-
i taining
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taining fide, enter the extent of the fecond, and to the other foot
lay the Thread,then fromr-the third Tearm in the fines-take the neac-
efl diftance to it , Which extent enter atthe fine of the firft Tearm
in the fecond Proportion, and to the other foot lay the Thread, and
it will cutthe Verfed fine at the angle fonght. |

Having thewed how all Proportions may be performed upon the

Quadrant : T now proceed to thereft of the Lines.
Of the Line of Chaords on the left edge of the Backside.

1 (hall not at prefent fpeak any thing as to the ufe thereof , that 1s
intended to be done ina Treatife of the general Scale ; the princi pal
ufe of aLine of Chordsis to prick off readily the quantity of any
Arch of a Circle , to dowhich take the Chord of 60' ard draw a
Circle with that Extent thea any Arch being to be prict off it is to be
taken out of the Line of Chords, and to be transferred into the Cire
cle fwept, this fuppofeth the Radius not to vary,

But to do it to any Radius that isfeffer take the Semidiameter of
the Circle, and enter it 2t the Chord of 6o laying the Thread to the
other foot, and the neareft diftances to the Thread will be Chords
to the Semidiameter afligned , and the Converfe will mealure the
Chord of any Arch by a Parralel entrance.

A (hord may be Ilakf'n off thomgh xo Line of Chords be gradnated.

The Bead wherefoever it be fet carryed from one edge of the Qua-
drant to the other theThread being extended doth defcribe theQua-
drant of aCircle,if therefore extending the Thread down one edge of
the Quadrant you fet the Bead to the diftance of the Radius( orSemi-
diameter of the Circle fwept)from the Gentér;and at it fec.down one
foot of theCompafles,and lay the Thread kept at a certainty in ftret-
¢hing over the Limb to any Arch, & then open'the Compaffes to the
Diftance of the Bead, you (hall take out the Chordiof the faid Arch.

A Chord may very conveniently be taken off from any Circle fwept
Concentrick to the Limbe, and divers fuch there are upon both fides
of this Quadrant ; Sweep a Circle of the like Radius on Paper as
that on the Quadgant, ‘and then fettibg one foor co the Inmft&rﬁ:}r; |




of Chords and Dyalling Scales: 19T
of thié Concentrick Citcle with the right edge; the Thread being laid

over any Archwhatfoever in the Limbe , rake the diftance to the In-
cerfe@ion of the Thread with the Concentrick Circle, and transform

the faid Extent into the Circle drawn upon Paper.

 Ofthe Verfed Sines Augmented.

Thefe are to be ufed with ficted Scales thereto , to ftand. upon a
Loofe Ruler for the ready and more Exa@ finding the Hour and Azi-
muth near Noon, or at other times, and fhall be treated of inthe ufe
of the Diagonal Scale. -

! v
e
Of the Line of Latizudes and Scale of Honrs on the [pare edges
of the forefide:

The ufe of thefe Scales are for the ready pricking down of any Di.
all that hatha Ceater in an Equicrural Triangle from the Subflile, as
{hall be (hewed in the Ufe of the great Quadrant,though the Schems
be fitted to fmall Seales,

The Scale of Hours ftanding on the Edge on the forefide may ve-
ry well be fupplyed from thence to another Radius , as fhallin due
Time be fhewed , though it do not proceed from the Center, and
therefore may be fpared out of the Limbe on the Backfide.

T be Defeription of the Diagonal Scale.
He particalar Scafes handled in Page 181 would find the hour'
and Azimuth in the equal Limbe without doubling the Extent,
iflaying the Thread over the Cofine of the Declination in the fefler
fines when the hour is fought ; or over the Cofine of the Alritude
when the Azimuth is fought , it be minded what Ark of the Limbe
the Thréad interfe@s, and then make the entrance of one foot of
. the Extent at the like Ark in the fines laying the Thread to the other

. foot according to neareft diftance.
[ Tl But:
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But becaufe thefe Scales are more convenient being twice as long,
there is accordinglya Diagonal Scale !fitted to ferve for onr Engli
Region , and may be accommodated to any 5 or 6:degrees of Lati«
tude, and placed cn%ﬂnﬂy on any Inftrument for Surveigh to
give the nd Azimith in the Limbe of the Inftrument or on the
frame ¢ ain Table. | i,
‘amto intimate that either the hour or Azimuth Scale
before d ed on the fmall Quadrant, will ferve to finde both the
Hour and Azimuth,as conveniently aseither; the foundation where-
of is, that the fame Proportion. démonftrated from the Analemma
that finds the hour from fix being applyed to other fides of the Tti-
angle will alfo find the Azimuth from thedat or WeRt, aninftance
waereof I give in the Ufe of a great Quadrant for finding theAzimuth
when the Declination of the Sunor Stars cxiaeds the Latitude of
the place.

By the like parity of reafon the Proportion that found the Azi-
muth is a general Proportion to find an angle, when the threee fides
are given the Canon will be, -

23 the Cofine of one of the including fides,

Is to th: Radivs :

So i5 the (ofine of the fide Oppofite to the angle [onght,

T 0 afourth a Sine or Secant.

Again.

e4's the [ccond including fide,

Isto the Cotangent of the firft including fide :

. Sowhen any one of 1he fides is greater thew a Duadrant is the [wm,
but when all le[s the diff crence between the 4°F abovefaid , and the
Cofine of the (econd Includer,

Tothe Cofine of the angle [ong he.

Wee do fuppofe but one of the three fides given to be greater
then a Quadrant , if there beany. fuchit fubtends an Obtufe angle,
and both the other fides being lefs then Quadrants fubrend Acute
Angles. - i

\gﬁ.fhen the 4™ Sine is lefs chen the Cofine of the fecond Includer,
the Angle fought is Obtufe, ocher ways Acute. : S

Hence the peculiar Proportion educed for the hour will be, ..

As'the Sine of the Latstude, Istothe R adiss : A

So s the Sincof tne Altitnd-, Teoa 4™ a Sine or Sccants

’igﬁiﬂ. }
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Again,

‘As the Cofin: of the Declinagion, Is to the Tangent of the Latitnde,
y SoinSammer isthe difference, bur in Winter the [um of the [imes. of
the Declination of the Sup or Stars, and of the 4™ Sine,
Tothe Sine of the hour frow fix.
When the 4'" Ark is lefs then the Declination the hour is Obtule,
when greater Acute, and in Winter always Acute »
But of this Proportion I make no ufe it being Kable in fome Cafes
“to Excurfion, and will not hold backward to find the Suns Altitudes
the hour being afligned.
This Diagonal Scale is made afcer the fame manner as the Hour
. Scale defcribed in the fmall Quadrant,being but feveral Lines of fines
the greater whereof are made equalto the Secant of the Latitude ,
" rjqercm they are fitted, the Radins of which Secant is 5 Inches
- 40Ng-.
he leffer Sines continued the other way , their refpe&ive Radii
. are made equal to the fine of che Lacitude of that greater fine where-
to they are continued. .
The parralel Lines fitted to the refpective Latitudes arc not to be
equidiftant one from anather ; ‘but having determined the diftance
between the two Extream Latitudes, to which they are ficted for the
the larger fine it will Lold,
. As he differenca of the Secants of the tw) exiream Latisudes,
I “Ir to'the diffance bstween the Lincs firged thereso : _
80 5350 . ference of she Secants of the leffer exiream Larisuic, and
any othey snrermediate Latitude,
T o tke diftance shereof frow the leffer extream.
And fo for the leffer fine continued the other way, having placed
* the two Extreams under the two former Extreams , to place the im-
termediate Lines, the Canon would be,
As the difference of the fimes of the two exiream, Latstnd. s,
1 to she diftance between the Lines fitred therero :
N 85 s the differenceof the fincs of the leffer extream Latitude | and of
.. anyaether inrermediate Latitude,
5N the di Fance thereof from the le(Jer Extream,
Y% Haying figted thie diltances>of 'the greater fige , fireight Lines
. drawn throogh the two 'rxtrtamélncs (hall divide the intermediate
' c Para-
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Parralels alfo into Lines of fines , proper to the Latitudes to which

ehey are fitced s Now for the le(Ter fines they-are continued the other
way dt the ends of the former Parralells, the Line proper to each La-
tude (hould be divided into a Line of fines, whole'Radius fhould be
<qual to the fine of the Latitude of the otber fine whereto it is fitted;
nd fo Lines traced through each degreeto the Eatreams; bot by rea-
" f{on of the fmall diftance of thefe Lines, the difference is fo exceeding
fmall, that it may not be (crupled o draw Lines Diagonal wifé from
each degree of the rwo outward extream Sines,for being drawn true,
they will not be perceived to be any other then ftreight Lines.

R
r.uh

sion out of thelefler cominued fises, ‘and enter.one foot

of the Diagonal Scale.

(Whereas thefe Lines by reafon of the lateer Proportion fhonld not

fall abfolutely to be drawn,, at the ends of the former Lines whereto-
they are fitced, and then they would not be fo fic for the porpofe, yer:
the difference being as we faid, fo infenfible that it cannot be fcaled,

they are notwithftanding there placed and crolfed with Diagonals:

drawn thyough each degree of the Extreams..

The Ufes of tbe'@iaga?ﬁi&;ﬁh

LI

1. Tofind th: vime of Sunrifing or festing.

Tnthe Parralel proper te the Laticade take: out the Suns Declinas

: e fog of this ex-

rent at the Complement of the Declination:in the Line of fines', and!

in the equal Limb the Thread bzing laid' to.the other foot will fhew

the time’fouglit. 11 9 .
1n'the Latitudeiof York, mamely 54, ifthe Sun have 20° of Declis-

nation NorthwardQbe rifesat)-4 and fetsat] 8. al

Southward . $85 }4

2, Tofindshe Hour of she Day or Night for.South Declinarione

In the Parralelproper to-the Latitude account the Declination in’
the'leffer cortinbed fine , -and the Akitude in the greater fine, and:
take cheir diftance, which extent apply-as before to the Cofine of the
"Declination in the Line ¢ f: fires on the Quadrant, and laying the

Thread
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Thread te the other fimt'accurding to neareft diftance it (hews the
time fought in the equal Limbe:

Thus in the Latitude of 2ork when the Sun hath 209 of South de-
clination, his Altitude being 54, the hour from noon wi'l be found
45 minutes paft 8 in the morning , or 15 minutes paft 3 in the after™
noenferé.
A For North Declinarion.

The Deglination muft be taken out of the leffer fine in the proper
Parralel, andtorned upward on the greater fine and there it thews
theAltitude at fix for the Sun or any Stars in the Northern Hemi-
~ fpere, thediftance between which Point and the given Altitude muft
be-entred as before at theCofine of the declination laying the thread
to'the other foot and it fhews the hour in ¢he Limb from fix towards
noon or midnight, according as the Sun or Stars Altitude was great-
er or lefer then its Alticude at fix.

8o in the Latitude of 2%rk. when the Sun hath 20! of North de-
clination ifhis Alticude be 40", the hour will be 46 minutes paft'8 in
the morning, or 14 minutes paft 3 in the afcernoon.

8. The Converfe of the former Propsfition Will be 1o find the Alri-
tude af the Sun at any bowy of 1he day, or of any Star at any
kour of the might.

I need not infift on this having (hewn the manner of it on the fmall
quadrant,only for thefe Scales ufe the Limb inftead of the lefler fines,
for Stars the rime of the night muft ficft be turned into the Stars
hour, and then the Work the fame as for the Sun.

§. Tofindshe Amplitnde of ehe Snn or Stars,

Take out the Declination out of the greater fine in the Parralel
proper to the Latitude , and meafure ic on the Line of fines on the
leflfer Quadrant, and it fhews the Amplitude fought.

So in the Latitude of 7ork 54 when the Sun hath 2¢? of Declina-
tion, his Amplitude will be 354 35/
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196 - Thelfes of the Diagonal Scale; _ |
6. Tofindthe Azimuth for the Sun or any Starsin the Hemi-
[phere.
- For South D. clin ti-n.

Account the Alticude in the leffer fine continued in the proper
Parralel, and the Declination in the greater fine, and take their di-
ftance enter one foot of this extent ar the Coline of the Altitude on
the Quadrant, and lay the Thread to the other according to neareft
diftance, and in the Limbe it (hews the Azimuth from Eaft or Weft
Southwards. .

So in the Latitude of 2srk , when the Sunhath 20¢ of South De-
clination, his Alcitude being 4, the Azimuth will bé found to he 444
477 to the Southwards of the Eaft or Wef, sy i 744

For North Declination.

Account the Altitude in the lefTer fine contioued, and apply it up-
ward on the greater {ine and it finds a Point thereon, from whence
take the diftance to the declination in the faid greater fine in the Par-
ralel proper to the Latitude of the place , and enter onefoot of this
Extent at the Cofine of the Altitude on the Line of fines , and the
Thread being laid to the other foot accerding to neareft diftance,
{hews the Azimuth in the Limbe from Eaft or Wetft., |

So in the Latitude of York , when the Sun hath 20' of North De-
clination, and 4cd ot Alticude , his Azimuch will be 23* 167 to the
Sonthwards of the Eaft or Weft. . W

When the Hour or Azimuth falls near Noon, for more certainty
you may lay the Thread to the Complement. of the Declination for
the Hour,or the Complement of the Altitude for the Azimuth,in the

Limbe, and enter the refpe@ive extents Parralelly between the
Thread and the Sines, and find the anfwer in the f{ines.

We might have ficted one Scale on the quadrant to give both the
houre and Azimuth in the Equall Limb by a Lateral entrance, and
have enlarged upon many more Propofitions,which (ball be handled
in the great Quadrants.

. M’ Sutton was willing to add a Back(ide te this Scale , and theres
fore hath put on particuiar Scales of his own for giving the requifites
of an vpright Decliner in this Latitude , which he hath often made
ppoa Rulers for Carpenters and. other Artificers and Diallifts, and
where-
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" whereof he was willing to afford them a Print; whereto I havead-
ded other Scales for giving the Hour and Azimuth near Noon.

On the Backside are draxn thefe Lines,

A large Dyalling Scale of 6 hours or double Tangents,with a Line

of Latitudes ficted thereto.
Alarge Chord. _ By
A Line for the SubfRiles diftance from the Meridian.
A Line for the Stiles height.
A Line for the engle of 12 and 6.
A Line for the inclination of Mericians.
All thefe Scales telate to Dyalling. |
An Azimuth Scale being two Lines of natural {ines of the fame Ra-
dius fet together at O, and theace nombred with Declinations, this
Scale muft be made of the fame fine that the hour Scale following is
made of continued from O one way to 384 28/, and the other way
to 23?31/ or farther at pleafure; but numbred from the beginning
which is at the end of that 38 287 the Complement of the Latitude
~ with 10' 20/, &F¢c. upLo60°. |
The Hour Scale is 0o other then a Line of fines with the declina-
tions fet againft the Meridian Al-irndes in the Latitude of Zendos the
Radius of which fine isequal in length to the Dyalling Scale of

hours.
: Of sbe Vfes of thefe Scales.
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The Line of Hours and Latitudes is general for pricking down all

. Dialls with Centers as willafteryvards be (hewed inthe Ul of the
preat Quadrant, and by help of the Scale of Hours may the Diame.
ter of a fuch a Circle be graduated as is placed in on the back of the
~ great Quadrant, and the Line of Latitudes will ferve as a Chord to
- divide the upper Quadrant, and the Hour Scale or Line of Sines will
ferve as a Chord to divide a Semicircle, whofe Diameter is equal to
\the Sea'e'of Hours into 90 equal parts and their Subdivifions, and
hercby may Proportions in fines and Tangents,or Tangents alone be
weoughe by Protra@ion,and fo the neceffary Arks in Dyalling found
peucrally asis done by M* Foffer in the three Jaft Schems of his Poff-

. buma, this will eafily be underftood if the ufe of the Circle on this

- Quadrant be well apprehended. The
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The particular Scales give the requifite Arksof upright m:lmm
in this Latitnde by infpe&ion , for count the' plaines Declination in
the Line of Chords,and a Square laid over it interfects all thofe Arks

or to be found by applying the Declination taken out of the Chords

with Compafles to every other Line.
Examples g lbyC)
- Soifan upright Plsin decline 35* from the Meridian.
Tlie Subftiles diftance from the Meridian will be 244 30/

The Stiles height . —30 38
The Inclinations of Meridians o 41 49’
Theangleof 12and 6 4 10

- Thefe particular Scales alfo refolve fome of t_heCafts of right
angled Spheerical Triangles , relating to the Motion of the Sun ot

Stars thus,
Of the Lint of the Sriles height.

Account the Declinationin the Line for the Stiles height, and a-
gaintt it in the Chord ftands the Amplitude of the Sun or Stars from
the Meridian.

Example for Amplirssde. < g
~ So when the Sun hach 184 of Deciination, his Amplitude will be
674 13/ from the Meridian, and 29" 47’ from the Vertical.

The reafon hereof is becaufe the two firft fixed Tearms of the Pro..

portion that Calculate the Stiles height are the Radius and the Co-

fincof the Latitude, and the two ficft Tearms that Calculate the
Amplitude are the Cofire of the Latitude and the Radius, and there-

fore muft as wcll ferve in chis Cafe asin that,
On this Stile Line may be found -the Suns Adtitudes on all hours;

whenhe is inthe Equino&ial by applying the hour from fix taken
fiom the Chords to the other end of the Stile Line

Of the Subftiler Line.

Hereby we may find the time of Sunrifing and fetting , take the

Declinatior out of the Subftilar Lin¢ and meafare it on the Line of

Chords,
Example. :
So when the Sun hath 18 of Noith Declination the Afcenfional

difference is 24" o/ in time ¥ hour 36 | minutes, and fo much the Sun &

tifes and fere from fNx. Here-

'l

|
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Hereby'may beallo found:the Equinoctial Altirudesto every Az

muth. -
Of whe. Line for the Angle of 12 and 6.
. Hm?mnmayﬁnmth: time.when the Sun .will be due Eaft or
Wett.
Account the Complement of¢the Declination in this Scale,, and
.apainkt ivin the Chords ftandsthie hour from fix.-
- E xample.
So when the Sun hath 1840f Narth Declination,, he will be Eaft
or Wiftat~ imthe-morning, or 5 inthe afternon.
By thefe Scales the reqaifices-of an Eaft.or Weft Reclining or In-
cliding Diallinthis Latitnde may befound.

1, The S«bfliles diftance from the Meridian.

Arccount the Complement.of the }< linatianin the Chords , and
againt it in the Line for 12 and 6 ftands the Complement.of the angle
fought.

\ 3. . Forzhe Stiles heighe.

.. ApplytheReclination in the léfler fines -on;the Diagonal Scale in
thie Parrale! neoperto the Latitude to the greater fineand it fhewes
‘the Ark‘foughr.

3. Forthe Incliwarson of Meridians.

This may be alfo foundion the Diagonal Scale when the Subftiles
dikance isnovfmorethen the Latitude , By Accounting the Subftiles
diftance onthe greatec fine, and applying ittothe lefler.

4. For the Anglé of 12 and fix.
AzcounttheComplement:of the Reclinationin the Chords , and:
sgainftit in the Subftilar Line is theComplement of the angle fought. .
So if an Eaft or Weft Plain Reclineor Incline 354

- - ' TTheSubflilesdikance from the Meridian will be— 45! 527

The Stiles -height — 26 41
The Inclination of Meridians——— 66 27
~ ‘And theangleof r2and 6 — —56 55

| :Of;_& Hﬁ#;‘.-;:»d Azimath Scales.

This Scaleis fitted:to find theHour from Noon in:the Verfed fines
augs
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augmented, and the Proportion to be wrought by icthe fame as-dc—
livered in the ufe of the fmall Quadrant.

As the Cofine of th* Deelinaei n, Is tothe Secans of the Laritnde :

So 15 the differenceof the fines of the Suns prepofed and Mtﬂdﬂﬂ

Altitude, :

T o the Verfed fine of the honr from Noon,

Acd of this one Proportion we make two by ml:rodu:mg the Radius..

Asthe Radims, 1s to the Secantof ‘the La'irude :

So s the farmfr diftance, To a fourth,

By ficting the Radius of the fines equal in length to the Secant of
thelatmdﬂ this firft Proportion is removed for the faid difference
of fines taken out or this firced Scale is the 4 ® Proportional, the Pros
portion that remains to be wrought upon the Quadrantis,

As the Cofine of the Declination, Is 1o the défference of the f nes taken

out of this firted Seale + So 1 the Radius , Tothe Verfed fine of the

hosr from Nom.

By this means if in the fame Proportion as we increafe the Icngth
of the fitred Scale,we alfo increafe the verfed fines Iying in the Limb,
we msy find the hour and Azimuth near noon with ‘certaintyif the -
Alritude b2 wall given:

T hefe Scales in their Ufe prefuppofe the Hour and Azimuth of the
Sun to bz nearer the noon Meridian then 60'.

Operation ¢ find the Honr.
~ Take the diftance between the Alticude and the Declination - pro-
per to the feafon of the year out of the Hour Scale ; -and enter jone
foot of this Extent atche Cofine of the D: clinat:onm the Line of
fines, and Jaying the Thread to the other foot according to neareft
diftance , it thews the hour from moon in the Verfed' ﬂues Quadru-
Plﬁ'd . Jib Rl ,_l j
' - 1 Example. }

When the Sun hath 23? 314 of North Dn:lmatmn, andswl nf Al-
titade, the hour from noon-will be 13¢ 58/ to be Converted inio
gime.

W hen the hour is found to be lefathen 40' from Nnon di th; for-
mer extent may be doubled and entred as before, and ic (hews che
hour inthe Vexfed fibes @ctopledss 2okl w1 10

And whea the hour is lefs then 30 from Noon, the former exteng

~‘'may be tripled and entred as before , and after this manner it is pof-
{ibl, *
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fible to make the whole Limb give the hour next Noon, the Verfed
Sine Duodecupled, lies on the other fide of the Quadrant; and in
this cafe, an Ark muft firft be found in the Limb, andthe Thread
laid over the faid Ark, counted from the other edge, will interfe
the faid Verfed Sine at the Ark fought.

To fixdthe Suns Azimuth.
Ake the diftance in the Azimuth Scale, betweenthe Altitude and
the Declina:ion proper tothe feafon of the year, and entring
it at the Cofine of the Altitude, liying the Thread to the other foor,
according to neareft diftance, ic will fhew the Azimuth in the Verfed
Sines quadrupled ; or, when the Azimuth is near Noon, according
to the former reft.iGioos for the hour, the extent may be doubled,
or tripled, and the anfwer found in the Verfed Sines O&upled, or
Duodecupled, as was done for the hour. :
: Example.
So when the Son hath 227 317 of North Declination, his Altitude
being 60d. The A zimuth will be found to be 26! 21/from the South.
By the like reafon, when we found the Hour and Azimuth in the
equal Limb by the Diagonal Scale, if -thofe extents had been doubled,
the Hour and Azimuth near fix, or the Vertical, mighc have been
found in a line of Sines of 30¢, putthorow the whole Limb, but that.
we thought needlefs.
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DESCRIPTION
Of the

- (Jreat Qladrant.

W€ T hath been binted before, that though the former con.

S trivance may ferve for a fmall Quadrant,yet there might
be a better for a great one-

>t T he Defcription of the Fore-fide.

On the right edge from the Center is placed a line of Sines.

On the left edge from the Center, a line of Verfed Sinesto 1807

The Limb, the fame as in the {mall Quadrant.

Between the Limb and the Center are placed in Circles, a Line of
" Verfed Sines to 180, another through the whote Limb to 9o’
" The Line of leffer Sines and Secants,

The line of Tangents.

The Quadrat and Shaddows.

Above them, the Proje@ion, with the Declinations, Days of the

moneth, and Almanack.
On the left edge is placed the fitted Hour, and Azimuth Scale,
Dds Within




ac6  The Defeription of the great Quacrant,

Within the Proje&ion abutting agsink the Sines, is placed a lictle
Scale, colled Zhe Scaleof Emrance, hing gradeated to 62, and is
00 other but a fmall line of Sines numbred by the Complements,
At the end of the Secant is put on the Verfed Sines doubled, that
is, to twice the Radivs of the Quadrant, and at the end of the Tan-
gents tripled, to fome few degrees, to give the Hour and Azimuth
near Noon more exa&ly,

T be Defeription of the Back fide.

< On the right edge from the Center, is placed a Line of equal part,
being 10 inches precife, decimally fubdivided.

On the out-fide next the edge, is placeda large Chord to"60',
cqual inlength to the Radios of the Line of Sines. -

On the left edge is placed a Line of Tangests iffuing from the
Cenrer, continued to 639 26/, and again continued apart from 604,
to 754

The equal Limb. i ' _ :

Within it a (Quadrant of Afcenfions, divided into 24 equal hours
and its parts, with Stars zffixed, and Letters graved, to refer to their
Names. .

Between it and the Center is placed a Circlé,  whereof there is but
three Quadrants gradvated.

The Diameter of this Circle is no other then the Dyalling Scale
of 6 hours, or double Tangents divided into 90" 't ol

Two Quadrants, or the half ofthis Circle beneath the Diameter,
15 divided into 9o equal parts or degrees. I

dTl.u;-. vpper divided Quadrant , is called the Quadrant of Lati-
tudes. 1t ~

From the extremity of the faid Quadrant,and Perpendicular to the
Diameter,is graduated a Line of Proportional Sines; ‘M Foffer calls
it ¢7¢ Line Sel. :

Diagonal- wife, from one extremity of the Quadrant of Latitudes.
te the ather, is graduated a line of Sines; that end ‘numbred with
95", that is next the Diameter, being of the fame Radius with the
Tangents. Oppofite
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The Defeviption of the gresr Seale. 167

Oppofte and parallel thereto from 45 of the Semicieele, to the

F;E;i extremity of ehe Diameter.is placed a Line of Sines equal eo the
Ty

Diagonal-wife. from the beginning of the Line §ol, to the end of
the Diameter, is graduated a Line of 6o Chords. '

From the beginning of the Diameter, but below it, towards 454
of the Semicircle,is graduated the Proje&ion Tangent, alizs, a Semis
fangent, to 9o’, being of the fame Radius with the Tangents, ;

The other Quatrant of this Circle being only a void Line, there
paffech through it from the Center, a Tangent of 45, for Dyalling,
divided into 3 hours, with its quarters and minntes.

Below the Diameter is void fpace left, to graduate any Table at
pleafure, and a Line of Chords may be there placed.

Moft of thefe Lines, and the Proje@ion, have been already treats

ed upon in the ufe of the fmall Quadrant, thofe that are added, fhall
here be (poke to,
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Of the Line of P’cr’ﬁd Sines, -

s mr— e ———

Of tie Line of V fr/édl Sines, on the ]eﬁ
Edge, i[[uing from the (2 epppppins sl

His Line, and the ufes of it, were invented by the learned Ma-
thematician, M. S.muel Fofter, of Gr:fham Colledge. deceafed,

from whom I received the ufes of ir, applyed o a SeGor; I

fhall, and have added the Proportions to be wrought upon i,

andin thar, and other refpedts, diverfifie from what I received;

wherein I fhall not be tedious, becaufe there are other ways to fol- .
low, fince found out by my felf,

The chif ufes of it are. to refolve the two cafes of thé fonrth
Axiom of Spherical Trigonometry ; as, when three fides are given
to find an Angle, or two fides with the Angle comprehended, to find
the third fide, which are the cafes that find the Hour and Azimuth
generally, and the Suns Altitudes on all hours. For the Hour, the
lzarned ‘Aathor thought meettoadd a Zodiaque of the Suns place

annexed to it, both in the ufe of his Se&or, as alfo in the ufe of his

Scale, publifhed fince his death, entituled Poftbuma Fuftegi, that the
Suns place being given, which for Inftrumentaiufe might be obtain-
ed, by knowing on what day of each moneth the Sun enters into
any Signe, and allowing a degree for every d+ys motion, eome by it
prope versm, and being fought in the annexed Zodiaque (whichis no
other then two lines of 9cd. Sines, each made equal to the Sine
of 23131 the Suns greateft Declination) juRt againft it fands the
Suus Declination, it accounted in the Verfed Sine, from 90 each
way 3 but this for want of room,and becaufe the Declination is more
¢afily given by help of the day of the moneth, I thought fit to omit,
the rather, becaufe it may alfo be taken from the Table of Declina-
R1ONE,
But from hence I firft obferved, thatif the two firft terms of a
proportion were fixed, if two naturgl Lines proper to thofe terms,
WEre.

wl
X
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wene fitted of an :gual length, and pofited cogether, if any third
term be given, to hind a foueth in the fame. proportion, it would
be given by infpe@ion, as ftanding againft the third; but if the
: Lines ftand afunder, ora difference be the third term, application
muft be made from one Line to the other with Compafles, asin the
fame Scale thereisalfo ficted a Line of &o parts, equalin length to
the Radius of a fmall Sine, fervingto give the Miles imevery feves
ral Latitude, anfwerable to one degree of Longitude.
‘Threc fides given to find an Angle, the Proportion,
As the differcnce of the Ferfed Sines of the Sum, and dfference of
any tWo Sides sncluding an o Angle,
Is to the Diam ter, :
'S0 i the difference of the Verfed Sines of the third fide,
And ﬂf the e Ark dfd{ﬁc'frt nce between the tWo l'::rf:‘fmfmg S:’iu,
Tothe Verfed Sine of the Angle fought ;
And [0 15 the J:'_)f; rence of the Verfed Sinesof the third fide
And of the [um of the tW: including fides,
Tothe ffer}ﬁd Sineof ‘the fonghe dngies, Complement to 4. Semin
CHICED s

Corollary.

And feeing there is fuch proportion between the [itter terms of
the fere-going Proportion, asbetween the former, omitting the
two firft terms. it alfo holds,

eAs the difference of the Verfed Sines of the third fide, and of the

Ark_of difference betWeesn the tWwa including [ides

Is to the Verfed Sine of the dngle fought,

8o 15 the difference of the Verfed Sines of the third fide,

oA ndof 1he [wm of 1he twoirclu:ing fides,

T o the Verfed Sine of the fought Angles,Complemesit 10 180",

And this is the Proportion M. Foffcr makesule of in his Scale,
page 2§ and 27. to find the Hour and Azimuth by Protra®ion, as
alfo in page 68. in Dyalling, whenthree fides are given to find an
Angle, by conftituting two right angled ¢qui angled plain Trian-
gles, the legs wherco?conﬁﬂ of the 4 terms of this Proportion.

Ee But
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| But in that Protra@ion work, the firft and third terms of the
Proportion are given together, with the fum of the fecond and:
fourth terms, to find out the faid terms refpectively.

The Proportion for the H.ar.

As the difference of the Verfid Sincs of the Sum, axd difference of
the Complement of the Latitude and of the Sunm or Stars diftance
from the Elcvated Pole,

Esto the Diamerer or Verfed Sine of 1801,

So 2 the difference of the Ver[ed Sines of the Complement of the
Altitnde, and of the Ark of difference between the Complemene:
of the Latitude, and of the Polar ¢iftance,

To the Verfed Sine of the Hour from No:m.

Andif the latter claufe of the third term be the Sum of the Co-
latitude and Polar diftance, the Proportion will find the Verfed
Sine of the hovr from midnighe,

Andif the fum of any two Arks exceed a Semicircle, take its-
Complement to 36¢*, for the fame Verfed -Sine is common to -
both.

wWhen the Declination is towards the Elevated Pole, the Polar
diftance is the Complement of itto 9c¢; and when towards the
Deprefled Pole, the Polar diftance is equal to the Sum of 9o', and..
of the Declination added together.

E xample.

Let the Suns Declination be 15 46/ North,Com- PR
plement,—— - T . A
The Complement of the Latitude, - a8 28

e

Sum———112: 42
Diff:rence — 35: 46
And. let the Altitude be 2¢*, Complement— 70: ©0

Operasion
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Operdtion.

" Take the diftance between the Verfed Sines of 35° 46/, and of
712° 42/, and entring one foot of thatextent at the end of the
Verfed Scale at 180, lay the thred to the other foot, according to
neareft diftance, then take the diftance between the Verfed Sines
of 35¢ 46/, and 7¢%, and entring that extent parallelly, bctween
the Thred and the Scale, and the other foot will reft upon the
Verfed Sine of 7732/, the quantity of the Hour from the Meri-
dian being cither 5o’ paft 6 in the morning, or 10’ paft5 in the
afternoon.

The Reader may obferve in this work, that thethred liesover a
Star, by entring the firft extent ; as alfo, that there is the fame
‘Star graduated at 35* 46/ of the Verfed Sine,and this no other then
the Bulls eye, having 15* 46 of North Declination, for which
- Sear in this Latitude, there needs be no fumming or differencing of
Arks, in regard the Stars declination varies not: So to find that
Stars hour at any time, having any other Alditude, only lay the
thred over thatStar in the Quadrant,and take the diftance between
the Star in the Scale, and the Complement of its Alticude, and en-
cer that extent parallelly berween the Thred and the Scale, and it
finds the Stars hour from the Meridian Thus when that Star hath
3¢ of Alitude, its hour frem the Meridian will be found to be
45%°54/;in time, 3 hours 3 ¥/, whichto get the true time of the
night, moft be curned into the Suns hour by help of the Nocturnal
on the Back-fide : But admitting the Suns Daclination and Alu-
tude to have been the fame wizh the Stars, the trne cime of the dav
¢hus found, would have been 562 paft gin the morning, or 37’
paft 3 in the afternoon ; and thus the Reader may have what Stars
he pleafes pur on of any Declination, and for any Latitude ; and
they may be put on at fuch a diftance from the Center, that the
diftance from it to the Star, may be a Chord to be meafured in the
Limb, to give the Stars Afcenfional difference, orthe Jike conclu-
fion : And thus thethred being once lsid, and the former point
found for one exampleto the Suns Declination, neither of then
varies that day ; which is a ready general way for finding the time
of theday for the Sun. Ee 2 Te
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Of the Line of Verfed Sines, ~
T o find the Scmidinrnal, and Seminsllurnal Arky,

Uppofe the Sun to have no Alkitude, and the Complement of
it to be 90%, and thenwork by the. former precept, and you
will find the Semidiurnal Ark from the beginning of the Line,
and the Semino&urnal Ark fromthe.end of the Line, which
doubled, and turnedinto time, fhews the leogth of the Day and
Nighr, and the difference between 9¢%; and either of thefe Arks
is the Afcenfional difference, or time of rifing and fetting from 6.

T find the Azsmuth generally.

The Proportions for this purpofe bave been delivered before,
frem which it may be obferved, that there are no two terms fixed,
and therefore to every Altitude, the containing fides of the Trian.
gle, namely, the Complements both of the Altitude and Latitude
muft be fummed and differenced, when the Propofition is to be
performed on this Line folely, and the Operation will be after the
{fame manner, asfor the hour, namely, with a Parallel encrance :
and this is all | fhall fay of the Authors general way; and of any
other that he ufed, I never heard of ; thofe ways that follow,being

of my own fupply.

By kelp of this Line 1o work a Propertion in. Sines alone,
wierein the Radins leads.

As the Radiss

Is to the Sine of any Ark,

Sais the Sine of any other Ark,
T o the Sine of afenrsh Ark,

This fourth Sine, as I have faid before, is demonftrated by M.
Gllibrand, to be equalto half the difference of the Verfed Sines
of the Sum, and difference of the twe middle terms of the Pro-
portion. ;

Operasson
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Operatson.
Let the Proportion be,

As she Radint

Is 10 the Sine of- 408

Soisthe Sine of 27

To afoursh Sine Aty
Sum- ~-—067

' Difference —13

Take the diftance between the Verfed Sines of the faid fum and

diffecence, and meafureit on the Line of Sines from the Center,
and it will reach to 154, the fourth Sine fought.

By help of this Line may the Divifions of the line Sol, or Pro-
portional Sines, be graduatedto any Radius lefs then half the Ra-
dius of the Quadrant, the Caron s,

As the Verfed Sine of any Ark added to a Quaérart,

Is to the Radiws, or length of .the Line Sol,

So is the Verfid Sine of thar Arks Complement te 92°

To that lengeh which pricked backward from the end of the Radius

of the faid Liny foall gradume the Arch propsfed.

Example. |
Sappofe you would graduate 20 of the Lne Sol, enter the Ra-
divs of the faid Line upon the Verfed Sine of 110, laying the
thred to the other foot ; and from the Verfed Sine of 70% take the
neareft diftance to the thred, which prick from the end of the Line
Sol, towards the beginning, and it {hall graduate the faid 207,
This Line Sol is made ufe of by M. Foffér in his Scale for Dyal:
ling.
The Line of Verfed Sines was placed on the left edge of the
forefide of the Quadrant, for the ready taking out the difference
of the Verfed Sines of any two Arks, and to meafurea difference
of two Verfed Sines upon it, which are the chief ufes I fha!l make
of it ; whereas toOperate fingly uponic, it would be more con-
;:nien: for the hand te have it lie on the right edge of the Qua-
rant. -
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214 8f the Line of Verfed Stnes.

Aw example for finding the Azimuth gesevally, by belp of * .
Verfed Sinesinthe Limb, and of other Lines on the ,
Quadrant, i

1 (hall rehearfe the Proportion,
As the Cofine of the Latitude is to the Secant of the Altiruds,
Or, As the Cofine of the Altitude isto the Secantof the Lavitude,
So 15 the difference of the Verfed Sines of the Suns diftance from the
Elevated Pole, and of the Ark of difference éelwyfn the Lati
titnde and Altitude,
T'o the Ver[ed Sine of the Azimuth froms the midnight mevidian.
And making the latter claufe of the third cerm the Comple-
ment of the Sumof the Latitude and Altitude to a Semicircle, the
Proportion will find the verfed Sine of the Azimuth from the noon'
Meridian. .

Example,

Alitude,~———¢19 32

Laﬂmde-—-—-———-;q r32 Cnmp[ement 35'5* %

Difference 17: 00
@ diftance from
elevated Pole, § 66223

Opcratim in the firft Terms of the Proportion.

On the Line of Verfed Sines, take the diftance between 17, and
6¢4 29’, and entring it twice down the line of Sines, fiom the Cen-
ter, take the nearelt diftance to the thread laid over the Secant of
§1¢ 32/, the given Altitude, and entring one foot of this Extentar
A the Sine of 55! 28’ the Complement of the Latitude; lay the
Ze thred to the other foot, according to neareft diftance, and in the
1 line of Verfed Sinesin the Limb, it will lie over 95¢, for the Suns
Azimuth from the midnight meridian. '

And the Suns declination fappofed the fame, he fhall have the

' like
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likthmmnth from the North, inout Latitude of Londan, when his
Altitude is 3432/, forthe fides of the Triangle are the fame,

Another Example.

To find it in the verfed Sine of gol
Latitude e a7 37

Alticude—————— ——51¢ 32

B

Sum————— —-98: 59

Complement Bl 2
Polar diftance ——————66% 29

f Sines, asreprefenting the for-
between thefe two Arks count-
and 814 01/, and enter this

* Tske the diftance in the Line 0
rer half of aLine of Verfed Sines,

ed towards the Centers viz. 6629/,
he Line of Sines from the Center, and take the

extent twice down t
he thred lying over the Secant of the Latitude

nearelt ditance tot
47 17°, then enter one foot of this extent at §1'32/ counted
from the end of the Sines towards the Center, laying the thred to

the other foot, according to neareft diftance, and in the Verfed
Sine of 90, it (hews the Azimuth tobe 65° from the South in

¢his our Northern Hemifpere.
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TheUfes of the fitted Particubar Sca'e.

w

Of the fitted Particular Sca'e, and the -
Line of Entrance thereto belonging. =

il
|

Latitude of Londom, to which it is ficted, inthe equal Limb,
g}? a Lateral or pofitive Entrance, it confifts of two Lines of
‘nes.

The greateris 62" of a Sine, as large as canftand vpon the Qua-
drant, the Radius of the leffer Sine is made equal to §1' 327 of
this greater, being fitted to the Latitude : The Scale of Entrance
ftanding within the Projection, and abutting on the Line of Sines,
is no other but a portion of a Line of Sines, whofe Radius is mace
equal to 38' 28 of the greater Sine of the ficted Scale ;.and this
Scale of Entrance is numbred by its Complements up to 6%, as
much as is the Suns greateft meridian Altitude in this Latitude.

The ground of this Scale is derived from the Diagonal Scale,
the length whereof bears fuch Proportion t0 the Line of Sines
whereto itis fitted. as the Secant of the particular Latitude doth to
the Radius, which isthe fame that the Radius bears to the Cofire
of the Latitude, and confequently, making the Line of Siaes to re-

refent the fitted Scale,cthe Radius of that Sine whereto it is fitted,
muft be equal to the Cofine of the Latitade : and fo we needed no
parricular Scale, but this would remove the particular Scale, or
Scale of Entrance, nearer the Center, and would not have been (o
ready as this ficted Scale ; however, hence I might educe a gene-
ral method for finding the hour and Azimuth ia the Limb, without
Tangents or Secants.  The firft Work would be to proportion out
a Sine to a lefTer Radius, which would find the point of Entrance,
the next would be to finde the Altitude, or Depreffion, at6. the
chird would be to enter the fum, or diffe ence of the Sines of the
Alritude, or depreffion at 6 uc the point of Eatrance, and to lay
the thred to the other foot; but I thall demonftrate it from other

grounds.
1. 7o

THis Scale ferves to find both the Hour and Azimuth in the
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1. Tofind the time of Ssn Rifing, cr Setting.

Take the Declination from the leflfer Sine, and enter it at the
Declination in the Scale of Entrance, laying the thred to the other
foot, according to neareft diftance, and it (hews the time of Ri-
fing or fetting in the equal Limb.

So when the Sun bath x3' of South Declination, he rifeth at
8’ paft 7 in the morning fere, and fets ac 537 paft 4 in the after-
noon.

2. Tofindehe truetime of the day.

In Summer, orNorthwardly Dclination, takethe diftance bee
tween the Alcicude In the greater Sine, and the Declination in the
lefler Sine,

In Winter, take the D:clination in the leffer Sine, and wich your
Compafles add it to the Altitude in the greater Sine. '

Thefe extents enter at the Declination in the Scale of Entrance,
and lay the thred to the other foot, according to neareft diftance,
andin the cqual Limb, ic will lye over the true time of the day.

In Summer, when the Declination in the fitted Scale is above the
Altitude, the hour is found from 6 towards midnight, when below
it, sowards Noon.

Example,

When the Sun hath 13" of North Declination, his Altitude be-
in%;sﬂ 1o’ will be a quarter paft 9 in the morning, or 3 quarters
pait 2 in the afternoon; and when he bath the fame South Decli-
nation,his Altitude being 16 14/ the time of the day will be found

“the fame. | :
The Converfe will find the Suns Altitudes on all hours by this

fitted Scale,which I (hall handle the general way.

Y Ff 3. 70
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3. To find the Amplitude.

F'4ke the Dzclination from thie greater Sine, and' enter it st the:
beginning of the Scale ot Entrance, laying the thred to the other
foot, according to neareft ditance,and it thews it in the Li

W hen the Sun hath 13 of Declination, bis Amplitude will be

2r 1%,
4 To find the Aximnth of the Sun

In Summer. take the diftance between the Altitude in the leffer

T Sive, and the Declination in the greater. |
tHo In Winter, or South Declinations,take the Declination from the-

and lay the thred to the other foot,
arfd i the equal Limb, it (hews the Azimuth' from the Eaft or

L

LI greater Sine, andadd it to the Alticede in the leffer Sine with your
gt Compafles.

T Thefe Extents, enter at the Altitalein the Scale of Entrance,,
AR according to neareft diftance, |

£ i Weft,
il InSummer, when the Altitade falls below the Declination,. the:

Azimuth is found from the Eaft or Weft, Northwards ;. when a=

g b bove it, Southwards.

W e So when the Sun hath 13* of North Declination, his Alritade:

being 43¢ 50’ the Azimuth will be found to be 45! from Eaft or

Welt, Southwards 3 and when'he tiath the fame South Declinati-

on, his Altitude bring 141 50 be (hall have the fame Azmuth.
Thefe Scales are ficted to give the Aldwudeat fix, and the- Vet

rical Altitode by Infpection.
Againft the Declinasionin the ﬁf&;ﬂ} Sine

( Vertical Alritude or Deprefiion
fandeltie 7 Attitude or Depreflion at fix.

b When the Hour or Azimuth falls near Noon, mind againft what'
A e Arch of the Line of Sires the point of Entrance falls, the thred:

may be laid to the like Archin the Limbjand the refpective extents
entred:
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¢ntred parallelly between the Scale and the thred, and the aofwer
foundintheLine of Sines. iz

But we have a better remedy by help of the Verfed Sine of go*
put thorow the whole Limb.

ppm— B e T

The joynt nfe of the Fitted Scale, with the
Verfed Sineof 90°in the Limb.

N the following Propafitions, 1 fhall make no ufe of the lefler
Sine of the Fitted Scale.

Get the Summer and Winter Meridian Altitude, by umming
and differencing the Declination, and the Complement of the Lati-
tude, which may be done with Compaffes in the cqual Limb, by
apply{i!ng the Chord of the Declination both ways from the Co-
lﬂﬂtu €

To fixd the Hour of the Day in F¥ inser.

T ake the diftance between the Meridian Alticude, and the given
Altirude, out of the greater Sine of the fitted Scale,and as before,
enter it at the Declination in the Scale of Entrance, laying the
thred to the other foot, according to neareft diltance; “and in the
Verfed Sine of gcd it fhews the hour from Noon.

Soif the Sun have 12! of South Declinstion, the Meridiap Al-
titndeis 25! 2%/, if the given Altitude be 17 44’ the time of the
day will be half an hour paft 9 in the morning, Or as much after 2
in the afternoon.

To find the Henr of the Day in Summer.

Take the diftance between the Summer Meridian Alttade, and
the propofed Altitnde, and if this extent be lefs then the diftance
of the Declination in the Seale of Entrance from the Center enter

2 it

i
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it 4¢ the Declination in the faid Scale, and laying the thred to' the
O her foor, it will in the Verfed Sine of 9o° fhew the Hour from
Noon. |

1fthe Sun have 21¢ 31/ of North Declination, his Meridian A
ticude will be 61 597, if his given Altitude be 47' 51/, thetime of
the day will be a gaarter pait g in the morning,or three quarters of
an hour pift 2in the afternoon.

Ifthe Extent be larger then the diftance of the point of Entrance.
to wit, the diftance of the Declination in the Scale of Entrance
from the Center, the hour muft be found from midnight,

In this cafe, with your Compafles add the Sine of the Winter

Meridian Altitude, taken from the greater Sine of the fitted Scale,
to the Sine of the Altitnde in the faid Scale, and enter the faid
whole extent at the point of Entrance, as before ; and inthe Ver-
{ed Sine of 90", the thred will fhew the hovr from midnight.

When the Sun hath 23 317 of North Declination, if his Alei-
tudebe 5124/, the time of the day will be halfan hour paft 4 in the
mornng, or half an hour paft 7 inthe evening, the Winter Meri-
dian Altitude to this Declination being 14 §7%. When the hour
in thefe examples falls near Noon, the extent of the Compafles
may be doubled,or tripled,and an Ask firft foundin the Limb then
if the thred be laid over the like Ark from the other edge, it will
accordingly in the Verfed Sines doubled or tripled, fhew the time
fought ; and the like may be done for the Azimuth.

T find the Azimn:bof the Sun in Winter:

Get the Ark of difference between the Suns Altitode, and the

" Complement of ‘the Latitude, and in the greater Sine of the fitted

Scale, take the diftance between the faid ark, and the Suns Decli-
nation, and entcr one foot of this Extent at the Altitude in the
Scale of Entrance, laying the thred to the other foot, andin the
Verfed Sine of 9oy it fhews the Azimuth from Noon Meridian.

Example.



and Kerfed Sine of 90°in the Limb.

Example,
Colatitudg,—————— 38' 28/
Alritude, ——— 3213

The Azimuth to this example,
Ark of Difference———26 : 15 {( Wil be 50' from the South,
Declination ————13: 00

In Summer, get the Ark of difference between the Altitude,and
the Complement of the Latitude, then when the Suns Altitude is
the leffer of the two, take the fum, but when the greazer, the dif.
ference of the Sines of the Suns Declination, and of the faid Ark,
and enter it at che Altitude on the Scale of Entrance, and you will
find the Azimuth fromthe noon Meridian, as before: but when
either of thofe extents are larger then the diftance between the
point of Entranceand the Center, the Azimuth muft be found
from the midnight Meridian.

Inthis eafe, take the difference, that is, the diftance of the Sines
of the Suns Declination, and ot the Ark, being the fum of the
Alcitude and Colatitude,out of the greater Sine of the fitted Scale,
and enter it at the Alritude in the Scale of Entrance, laying the
thred to the other foot, and in the Verlcd Sine it thews the Azi
muth from the North. |

Example for finding the Azimth from the North.

Colatitude - — 38428/).
Altitude 14: 15 { The Azimuth to this example,

— ¢ will be found to be 70 fronrthe
R 32T 43\ North,
Declinationy-——s—23 1 31

Of
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222 Of the fitted Scale onthe Ruler.

Of the joyut ufe of the Diagon | Sca'e, With the Line of Sinps
on this Ouadrant.

If the refpe&ive extents that found the Hour and Azimuth in
the Limb on the fmall Quadrant, be doubled, and applyed here to -
the Line of Sines iffuing from the Center, which in this cafe be- =
comes the Scale of Entrance, the Hour and Azimuth will be alfo =
found in the equal Limb of this Quadrant, for allthofe refpeltive

Latitudes to which the Diagonal Scale is accommodated.

e ———

Of the Hour and Agimuth Scales on the
Back-/ide rbereof.

Hofe Scales were fitted to the Verfed Sines quadrupled on

that fmall Quadrant, and confequently, are fitted to the Ver-

f -

T

¥
L

5
4]
.-'L |

fed Sine of go?, and the Line of Sines on this Quadrant, which is

juft double the Radius of that Quadrant.

Thofe Scales are peculiarly ficted for the Latitude of L:ndon,

and thercby we may alwaies find the Hour and Azimith in the
Verfed Sine of 90, wichouit the trouble of fumming or differec-
[mg of Arks. -

1. By the Hour Scale, tofind the Honr of the Dy,

Take the diftance between the Declination, proper. to the feas
fon of the year, and the Altitude, and entering one foot of that

extent at the Complement of the Declination in the Sines, lay the

thred to the other foot, according to neareft diftance, and ic (hews

the hour from Noon.

Example,
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Example.

: When the Sun hath 131 of Notth Declination, his Alritude be-
ing 47 24/,the Hour will be 30/paft 10 0 the morn'pg,or as much
paft 1inthe afternoon. P

In Summer, when this ex7ent is greater then the Cofine of the
Declination, and that it will be, when the Svo hath lefs Altitude
then he hath at 6.

The Declination is graduated sgainft the Meridian Alituces, In
this cale, add the Sine of the Altitude given, to the Sine of the
Meridian Altitode in Winter, to ‘hat Declination, with your Com-~
paffes, and enter that whole extent at the Decdlination counted in
the Line of Sines from 9o laying the thred to the other foot, acs
cording to neareft diftarce,. and in the Vierfed Sine of go', it will

fhew the hour from micnight,

Declination,—23 3% Narth,? The hour will be found either
' - 4 in the morping, or 8 at

Altitude—— 1:34 S night.
2. Bythe Aximnth Seale, to find the Sxmuth of the Sun.

Take the diftance between the Declination proper to the feafon
of the year, and the Altitnde, and ¢otering one foot of this ex~
tent at the Complement of the A'titude in the Lines of Sines iffuing
from the Center, tothe other lay the thred according to: nearelt
diftance, and it fhews the Azimuth from the noon Meridian in the

Verfed Sine of 9o%

Declination —23' 31/ North, 2 The Azimuth hereto will be found
Altirude 47427 65 ' from the South.

1+ Summer, when this extent is greater then'the Cofine of the
Altitude, and that it will be, when the Sun hath lefs Alritude then
he hath in the Vertical, He Azimuth muft be found from the mid=

pight Meridian. Jn this cafe, becaufe the AzimuthScale is ot
gontinued-
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1 continued far enough, the fom of the Altitude and Colatitude muft
) be gotten,and the diftance raken between the faid Ark and the De-
Fig clination, counted in the hour-¢cale as a Sine, and that extent en-
bR i tred at the Altitude counted from 9o in the Line of Sines, and the''
A thred laid to the other foor, will (hew the Azimuth from the North

Lieg in the Verfed Sine of 94 in the Limb, -3

Colatitude,- —— —38' 28/

Altitude — 19: 19 The Azimuth to this example will
Sum — 48 : 47 (_ be 65 from the North.
D :clination —=23 : 31 ;

MNorth.

G;mrﬁf Proportions.

It now remains to be fhewed, how the Hour, and Azimuth, ¢3¢,
may be found generally, citherin the equal Limb,or in the Verfed
Sine of 9o', and that without the help of Tangents or Secants, and
poflibly with more convenience then with them.

Inpage 55.1have afferted, that the fourth term in any dire&
Proportion, bears fuch Proportion to the firft term, as the Re&an-
gle of the two middle terms doth to the fquare of the firft cerm.

B e And in page 105. That the Sine of any Arch bears fuch propor-
L DT ~ tionto the Secant of ehe Complement of another Ark, as the
' s Re&angle of the Sines of both thofe Arks, doth to the Square of
the Radius,
it i Whence it follows,
i That, «Asthe R adiws,
it Is to the Sine of one of the fides including an Angle,

So 15 the Sine of the other containing fide,

Toa fourth Sine.

I fay chen, that this fourth Sine bears fuch Proportion to the
Radius, as the Sine of one of thofe including fides, doth to the fe-
cant of the Complement of the other.

And therefore, when three fides are given to find an Angle, it
SRS TN w Il hold,

R LT At
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T v T
£

As the Radsus,

Ist0 the Sinz of one of thofe including fides,
8o 48 the Sine of the other including [ide,

T o 4 fonrth fine.

e e S

Again,

1!
!
L[

As that fourth Sine,

s to the difference of the Verfed Sines of the thivd [ide, and of the
Ark. of diff-rence bevween the two including [ides,

8o s the Radins,

T othe Verfed Sine of the Angle foughe.

And as thar fourth Sine,

s tothe difference of the Verfed Simes of the third fide, andof the
fum of the tWo inclading fides,

8o 15 the Radins, :

To the Verfed Sine of the foughe Angles, Complemrnt rs 180 o7

& Semicircle. :

Thus we are freed from a Secant in the two firft terms of 3 feve-
ral Preportions that find the Hour and Azimuth : All which I
fhall furcher confirm from the . Awalemma, and then proceed to
Application,in the Scheme annexed.

A —




Proportions in the Analemma.

Proportions in the Analemma.

L Pon the Center C, drawa Circle, andfet N C be the Axis =
lnf the Horizon, and E P the Axis of the World, £ C =
the Equator, @ F and Z Y two Parallels of Declination on each
fide che Equator, alike equidiftant, S G the parallel of Altitnde
at6, and D E F the parallel of Depreffion at 6; draw a pa- =

rallel of Altitude lefs then the Altitude at6 V R, and another =
greater M'N continued; alfo a parallel of Depreffion lefs then
the Depreflionac 6 W P, and another greater X Y, and there ©
will be conftituted diverfe right lined, right angled Triangles, rela- 8

ting to the motion of the Sun or Stars, .in which it will hold.
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"As Radins # vo the Cofine of the Declination,

Soisthe Ccfine of the Latstude

T o afourth.

Namely the difference of the Sines of the Meridian Altitude,and
Altitude at 6 in Summer, equal to the Sum of the Sines of the Me-
vidian Altitude and Depreflion at 6 in Winter, which is equal to
thefum of the Sines of the midnight Depreflion and Alcitude at 6
in Summer.

A:B@: B:A@®. Againthe(ame, AsD: SE::E:DS
Again the fame G:BF:: B:FG.

As that fosrth is to the Radsins,

So is the Sine of the Meridian eAltitnde,

T o the Verfed Sine of the Semidinvnal Ark
A®: @B : @l: XK.

The two firlk terms are common to all the reft of the following
Proportions.
And o5 the Sine of the midnight Depreffion,
To the Verfed Sine of the Semsnotturnal Arks
GE:BF:: FLtoKF.

o And fa 15 the Sine.of the Alritnde,
T o the difference of the Ver[ed Sines of the Semidsnrnal Ark, and

Honr fought from N oon,
oA:B@E IM: KN.

- And fo 35 the Sine of the Depreffion,
To the diffsrence of the Ver[ed Sines of the Semiro Turnal Ark_,
andof the bour from Midsight,
FG:FB:: PL:KO

And [o 3¢ the differ: nce of the Sines of the Suns Meridian, and

iven Alritnde, '

To the Verfed Sine of the howr from Noon,
eA: @B 2 oM: ON.

Ggz 1€
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If the San have Depreffion, |
So i the [um of the Sines of the Sans Meridian Aliivnde;, and
propefed Depreffion,
Tothe Verfed Sive of the howr from Neen,
AG: G‘B 3¢ M) Q_ & O.

Znd [o s the diffevence of rhe Sines of the Midw'ght awd ff%
fe. Deprefjion,
T5 the Verfed Sixe of the hoar frim Midnighe,
EG: FB :: PE: OFL

But fuppofing thie Sun to have Altitude, retaining fill the two:
firk terms, it holds. |
And [o is the fumof the Sines f the Midnight ﬁ;ﬁfﬁfa# dods
sven Alritsde,
Tﬂ .H{JH:' Vﬂ"ﬁ?d Sine af ;fgc sy ﬁ'ﬂm Mth:ghli
EG: EB: FR:ES.

And [oisthe Sine of the Altitnde, o Depreffion ar fi%,
Tothe Sineof the Afcer fional differince,
Ae: OB = Al: BX.

InSu mmer, iF the Sun have Ai[i{udf‘
5o s the diffevence of the Sines of the Alritude at fix, #ndof the:
given Altitude,
To'the Sine of the bour_ from fix, towards Nodw, 5f the given
Alvitnde be greater thew the Aly inde at [i%, otherwife to-

wards Midnight. _
AG: @B:: AM: BN. Affo A%: @Be: AT:BS.

1f he have Depellion,
S 1s the fum of the Sines of t'e Alis wie at fixe, anfl the gives:
Depreffion, _
Tothe Sine of the Heur from fix, towards Midnight, .
Arn: OBz AQ:BO.
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In Winter, if the Sun have Altitude:
8o /s the the [u » of the Sines of his Depreffion at 6, and of his
sven oA ltitade,
T o-the Sineof the hour from 6 roward Nogn,
' sDeSEx DV : ZE.

If he have Depreflion.
Sois the difference of the Sines of his Depre[fiin at 6, and of b's
g ven Depre[fisn,
T o toe Sime of the hour from & tovards Noom, when the De-
preflion is lefs then 1he Dep -«[fion at 6, otherways rowards

Miduighe, - - |
SU: SE s WD: QE.
S$D: SE:: DX:: EVY.

When two terms of a Pfoportion happen in the common Ra-
dius, and two ina Parallel, there necds no Redu&ion.

In Latitudes nearer the Poles then the Polar Circles, the Semi-
diurnal Arks, when the Declination is towards the Eievated Pole,
will be more then the Diameters of their Parallels; in that cafe,
the difference, is the differerce of the Verfed Sine of the Hourand’
of the foarth Proportional, found by the Proportien that findsthe
Semidiurnal Ark.

General Proportions for the Hour.

The Proportion feleGted for the Hour is,
A the Radius, Istothe Cofine of the Latizade,
Sois the Cofine of the Declination,
Toa fowrth : L _
Namely, the difference of the Sines of the Meridian Alitude,
andof the Altitudeat 64

Again,
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230 General Proportions for the Honr,
Again,
1, As that fourth, It tothe R adius, _
Soin Summer, is the difference 3 breinVVinter, the [«m
of the Sines of the Suns Altitnd: or Depreffion at 6,
Tothe Sire of the Hour from 6 towards Noon cr Midnighe,
according as the Aly tude or Depreffion is greaver or lefs
then the eAltitude or Depreffion at6.
2. eAnd fois the difference of rhe Simes of the Meridian, and
propofed s Alritude, ‘
Tothe Ver[td Sine of the Hour from Neon 3
Anifois the (um of the Sinesof the Midnight D:preffisn,
ant given - [ itnde,
To the Verfed Sine of the Hoar from Midnight.
3. Andfoisthe Sine o thé Alritude,
To t'e difference of the Verfed Simes of the Semidinrnal
Ark., andof the Hour fought. .

By the firR Proportion, the hour may be found generally,eicher
in the equal Limb, or Line of Sines.

By the fecond Proportion, it may be found generally, either in
the Verfed Sines of vcd, or 180 '

By the third Proportion, it may be foundin the Line of Verfed
Sines iffuing from the Centerin many cafes. I (ball adda brief
Application of all three ways. -

The firft Work will be to find the point of Entrance.

Example, For the Latitude of Nottingham, 53 '

Lay the thred to the Declination, admit 20 in the Limb,counted
from the left cdge, and from the Latitude in the Line of Sines,
counted towards the Center from 90'; take the neareft diftance
to the thred, the faid extent meafured from the Center, will fall
upon 34 25/, and there will be the point of Entrance ; let it be
recorded, or have a mark fet tot.

If the Suns Declination be North, the Meridian Altitude inthat
Latitude, will be 577, the/faid extent will reach from the Sine chere-
of, to the Sine of the Suns Altitude, or Depreflion at 6, to thae
Declination, namely,to 15' 517: which may alfo be found with-
out

b e
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out the Meridian Altirude, by taking the d.ftance from 20’ in the
Sines, to the thred laid over the Arch 53/, counted {rom the
right Edge, and by mealuring chat exrent from the Czorer, the
point thus found, I c:ll the Stne point.

Thirdly, If the refpe&ive diftances batween the Sine poiat, aad
che Sine of thie given Altitude, be taken and eatred upon the point
of Entrance laying the thred tothe other foor, according Lo neate
eft diftance, the hour may be found all day for that D :clination,
when it is North in the eqal Limb.

Example, For the Latirude of Notringhzm , to the former |
Declination, being ,'Z"{fﬂf:,

When th #4314 s Tt
hen the San hath ;c 2; }- of Alizude, the Hour in each

Cafe will be found half an hout from 6, to the leffer Altitude be-
yond it, towards Midnight ; t0 the greater, towards Noon.

And when the Altitude is 38' 197, the time of the day will be
cicher half an hour paft 8 in the morning, or half an hour paft 310

the Afternoon.

An Example for the Latitude of Nottingham, When the

Derlination is as much Sonth.

Let the Altitude be 10! 6/, Inthiscafe add the Sine thereof to
the Sine of 15'51/; the whole extent will be equal to the Sine of
28" 39 ; Enter this Exteatupon the point of Eatranceat 34" 257
Jaying the thred to the other foot, according to nearcht diftance,
and the time of the day found in the Limb, will be either half an
hour paft o in the merning,or half an hour paft 2 in the afteraoon.

An Example for working the [econd Proportion:

The Summer Meridian Altitude is g7y if the piven Altitude be
464 11/, take the diftance between the Sines of thefe two Arks,and
entring this extent upon the point of Entrance, lay the thred to

the other foor, according to neareft diftance, it will in the ch{ed
ine
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Sine of 90", fhew the Hour from Noon to be 37° 30/, thatis, ei=
ther half an hour paft 10 in the morning, or half an hour pakt 1in
the Afternoon. 4

And when the:Hour falls near Noon,we may double or triple the =
extert of the Compafles, and find an Ark in the Limb, which if =
counted from the other edge, and the thred laid over it will give =

anfwer in the Verfed Sines doubled or tripled accordingly.

A third Eximple.

If the Altitude were 2' 14, in thiscafe the diftance between it =
ard the Meridian Akitude being greater then the diftance of the =
point of Entrance from the Center, the hour muft be found from
Midnight ; add the Sine thereof to the Sine of 17, the Winter
Meridian Alticude, the whole extent will be equal to _the Sine of =
20 25’ ; Enter the faid extent vpon the point of Entrance, as
before, and in the Verfed Sine of 90", the hour will be found to be
cither half an hour paft 4 in the Morning, or half an hour paft 7

in the Evening.
Excamples for working the third Proportion.

Take the Sine of 301, and enteritupon the point of Entrance,
laying the thred to the other foot, according to neareft diftance,
and there keepit; then takethe peareft diftance to it from the Sine
of 57 , the Meridian Alti:ude ; and the faid Excent prick upon the
Line of Verfed Sines on the left edge,and it will reachto 118' 54/
fet a marktoit. Laftly, the neareft diftance from the Sine of each
refpe&ive Altitude tothe thred, being pricked from the faid l:rrk. g
will reach to the Verfed Sine of the hour from Noon, for lorth
Declinations, |

So when ‘the Sunhath 24 48’ of Altitnde ; the Hour from =

7:17
Noon will be found to be- -75*
10§
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i M et s ey




General 'ﬁrnpﬂrfim.r forthe Hour, 233
oA Winter Example for that Declination,

The neareft diftance from the Sine of 17, the Winter Meridian

Altitude, to the thred, will reach to the Verfed Sine of 614 ¢/, the -

Complement of the former to a Semicircle, a: which fet a mark ;
thenif che Alticude were - — 12° 208

he
14: 26 } :
neareft diftances to the thred pricke fromthe latter mark, would

fhew the hours to thefe Aititudes to be _% i [ 1;;3;5 o Mobh

This laft Proportion in fome cafes will be inconvenient, being
liable to excurfion in Latitudes more Northwardly.

Two fides with the Angle comprehended, to find the third fide.
As the Radsus,

Isto the Sine of ome of the Includers,
So ts the Sine of the other Includer,

T o & fonrth,
| Again,
As the Radiss,
Ts vothe Perfed Sine of the Angle incinded,
" Sois that fonreh,

To the difference of the Verfed Sines of the third [ides and of the
Ark_of diff:rence bevrween the two including [ides,
Axd [0 15 the Verfed Sine of the Included Angles Complement 1o
180. 1
Tozke difference of the Verfed Sines of the third fide, and cf the fum
of the two including [ides. _
‘Another Proportion for finding itin Sines, elfewhere delivered.

By the former Proportion, having the advantage both of lefler
and greater Verfed Sines,we may find the fide foughr, cither in the
line of Sines,or in the line of Verfed Sines on the the left edge,iffu-
ing from the Center.
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234 General Proportions

The Converfe of the Proportion that found the Hour, wili find

the Suns Altitudes on all Hours:
Asthe Radiss,
Istothe Cefine of the Latitude,
8o i1 the Cofine of the Declination,
Toa fourth Sine,

Namely, The d:fference of the Sines of the Suns Meridian
Altitude, and of his Altitude at 6 in Summer, but the fum of the
Sines of his Depreflionat 6, and Winter Meridian Altitude, here.
by we may obtain the point of Entranceand Altitude, or Depre(-
fion at 6, as before, and let them be recorded, chen it holds,

As the Radius,
Is to the Simeof the Howr [rom 6,
So 14 that fourth Sine,

To the difference of the Sines of the Suns Altitude at 6, andof bis -

Altitude fonght ; But in Winter, To the fum of the Sims of
kis Depreffisn at 6, and of 1he Alritude [-ught.

Hereby we may find'two Alritudes at a time.

Lay thethred to the Hoor in the Limb, and from the point: of
E trance, take the neareft diftance to ir, the faid Extent being fet
down at the Altitude at 6, fhall reach upward to the greater Alti-
tude, and downward, to the leffer Al'tirude.

Example.

Admit the hour to be § and 7 in the morning, the Alitudes
thereto for 20 North Declination for the Latitude of N\otting-
bam, will be found to be 7' 17/, and 24 48’

If the Hour be more remote from 6 then the time of Rifing,
we may find @ Winter Altitude to as much South Declination, and
a Summer Altitude, to the faid North Declination.

Thus if the Hour be 45 from 6, tha is either 9.in the morning,,
or 3 inthe afternoon, the neareft diftance from the point of En-

- trance to the thred, will reach from the Sine of 15" 51/, the m-
€
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tnde at 6 npwards, to the Sine of 4218/, the Summer Altitude to
that Declination : But downwards, it reaches beyond the Center :
In this cafe meafure, chat extent from the Center, and take the di-
ftance becween the inward feot of the Compalfles, and the Alti-
tude at 6, which meafured on the Sines, wili be found to be 7! 17/
for the Winter Altitude to that Hour.
So if the hour were 60’ from 6, that is either 10,0r 2, the Sum-
mer Altitude wou'd be found to te 40" 42/, and che Winter Alti=
tude 12" 30", )
And this may be found in the Verfed Sines on che left edge, ac-
counted as a Sine each way from the middle, if ufe be made of the
leffer Sines, inftead of the Limb, in finding the point of Entrance,
as alfo, in laying it to che Sine of each hour from 6, in which cafe
the Compafles will alwaies find two Altitudes at once; for when
they fall beyond the midft of the faid Line, it fhews the Winter
- Altitudes counted from thence towards the end of the faid Verfed
Sines.
Having found the fourth Sine,which gives the point of Entrance
as before, the Altitudes onall hours may be found by the Verfed
Sines of 90'in the Limb, the Proportion will be,
Asthe Radius, * _
Is to the Ver[ed Sine of the Hour from Noow,
Sois the fonrth absve/aid,
T o the differcnce of the Sines of the Meridian Alritnde, and of the
Altitnde foughe,
But for hours beyond 6, the Proportion will be,
As the Radius,
Js to the Verfed Sine of the Honr from Midnight,
" Soidsthe fmr.rb abovefaid,

T'o the [um of the Sines of the Suns Depre/fion ar Msdwight (cqual

10 his Winter CMeridian aAltitude, ) and of his Alrirude fomghe,
- Hereby alfo we may find two Altitudes at once.

Operation.
Lay the thred to the Verfed Sine of the Hour from Noon, and

from the point of Entrance at %—? ‘hzsf, take the nearcit diftance to
2 it,




236 Proportiens for the Altitndes h
it,the faid Extent fhall reach from the Somees Meridian A.h'lmﬁy i
accounted in the Sines co the Alditude fought, alfofrom the Wine .
ter Meridian Akitude, te the Alkitude fought. - H

Example.

Latitude of Nottinghamis 53, Complement - —- 37"
Suons Declination, 20

e ———— g =]

Sum being the Summer Mfridjap Altitqde—ﬂf?f
Difference being Winter Meridian Alitade 17

g L Ifit were required to find the Altitades for the hours of
CELIL R 181 1~ The Extents fon§5§ co’ And the Wintery1§'5 &
i dis ik 1 od 2 taken out will find( 49, 42 Alticudesto the( 32,39
" oC 2% 35the Summer Alti-(42, 18 “)fame hoursand( 7,17
8 4 (tudesto be-———/33,47 Declination—_ 00, 32
But for hours more remote from the Meridian then 6, as admit
for 5 in the morning, or 7 at might, which is 753 from the: North
i Meridian ; lay the thred to the faid Arkin the Verfed Sine of god,.
T and the diftance from the point of Entrance to it,(hall seach from
' iR the Sine of §7', the Meridian Altitude, to the Sine of 24" 48/ the -‘
Summer Altitude for the Hour 754 fromNoen, and if that Extent
be pricked from the Winter Meridian Altitude, it will reach beyond’
the Center imrwhich cafe, enter that Extent upon the Line of Sines,.
and take the diftance between the point of limitation and 17,
which will (being meafured ) be found to be the Sine of 7" 17/, the’

Altitude belonging to che hour 105 from Noon.

In likc manner, the Alticudes for the houts. 97" 30 Et;lmﬂﬁon'
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On all Honrs, 239

In like manner, it might have been found in the Verfed S nesif-
fuing from the Center, if in findmg the point of Entrance, and in
laying the thred to the Verfed Sine of the Hou:, we make ufe of
the leffer Sines, and of the Verfed Sine of 1809 in the Limb.

For the Azimuth.

Two of the Fdrmgr Proportions may be conveniently applied to
other fides, for finding the Azimuth univerfally.

oAs the R adins,
s 1o the Cofine of the Latituaz,
Sois the Cofine of the Altirmde,

Toa fourth Sine.

Get the firm of the Altitude and Colatitude; or which is all one, .
 thie fum of the Latitude and Colatitude ; andif it exceeds a Qua-
drant, take its Complement to a Semicircle : This fourth Sine is
eqqual to the difference of the Sines of this Compound Ark, and of
another Ark to be thereby found, called the latter Ark.

Toenic holds,
Ay the fourth Sine,: |
Isto the Radins, |
Sosn Summer isthe difference, but sn winser, the fum.of the Sines
of this latter Ark,and of the given Declinatsion,
To the Sine of the Azsmath from the Verticals

When the latter Ark is more then the Declination, the Azimuth
will be found from the Vertical towards the Noon Meridiaryother-
wife towards the Midnight Meridian,and in winter, always towards
the Noon Meridian.

¥or fuch Stars as come to the Meridian between the Zeuith and
the e'evated Pole,the fourth Ark will never exceed the Stars decli-
nation, and their Azimuth will be alwaies found frem the Vertical
 towards the Meridian they come to,above the Horizon.

E xample.
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Example for the Latitnde of Nntrinﬂm.

Complement of the Latitude is 37
Alticude is 40 40

Sum o i &5

Let the Declination be 20! North.
To find the point of Entrance, take the neareft diftance to the
il SpREe thred laid over 50 in the Limb, counted fiom right edge from the
el I Sine of 37", the faid Extent meafured from the Center, falls upen
[ At the Sine of 2726, and there will be the point of Entrance ; the
faid Extent prickt from 77 inthe Sines, will reach to the Sine of
30 51/, where the Sine point falls.

Laftly, The diftance betweenthe Sine point, and the Sine of 20*
being entred at the point of Entrance, and the thred laid to the
other foor, the Azimuch will be found in the cqual Limb to be21*
48’ from the Eaft or Weft Southwards, becaufe the Sine point fell

eyond the Declination.

Anather Example for that Latitude, the Declination being
20" South Altitnde, 12° 30/

e L Gi¥e s ae e -

The point of Entrance will fall at the Sine of 36! |
The Sine point may be found without fumming or differencing
of Arks, by taking the neareft diftance from the Sine of the La-
ticude, tothe thred laid over the Altitude, counted in the Limb
from the right edge ; which Extent being added co the Sine of 20*
the Declination, the whole Extent will be equal to the Sine of 31°,
this being entred on the point of Entrance, and the thred laid to
the other foor, the Azimuth will be found tobe 61' 14/ from the
Eift or Weft Souchwards.
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A third E xample for the Latirsude of London, 51 32/.

Let it be required to find the Azimuth of the middlemoft Star
in Ehcggrnt Bears tail, Declinationis 56’ 457, let the Altitude be
44 5%

The neareft diftance from the Sine of 38' 28/ tothe thred laid
over the Altitude counted from the right edge, will find the point
of Entrance to be at the Sine of — — — 2646,

The neareft diftance from the Sine of 51° 32’ to the thred laid
over the Altitude counted from the right edge,need not be known,
but the diftance between that Extent, and the Sinc of 56° 45, the
Stars Declination being entred on the point of Entrance, will find
the Az muth of that Star, by laying the thred to the other foor, to
be 40 from the Eaft or Weft Northwards.

Thus we find it the general way, and fo it will alfo be found by
the fitted particular Scale; for the Hour, the point of Entrance,and
Sine point, vary not till the Declination change ; but for the Azi-
muth, they vary to every Altitude.

To find the Azimmthin the Verfed Sines.

As the fourth, found by the former Proportion namely,where the
~point of Entrance hapned,

Is:to the Rading,

So is the difference of the Verfed Sines of the Polar aiftance, and of
the eArk of Difference berween the Altitude and the Latitsde,

Tothe Verfed Sine of the eAzimut’ from Midright Meridian.

This finds the Angle it felf in the Spheie,

Andfo is the difference of the Perfed Sines of the Polar diftance,
and of the Ark of refidne of the [nm of the Latitude and Alri=
rude taken from a Semicirele.

To the Verfed Sine of the e Azimuth from Noon M« ridi ». This
finds the Complement of the Angle in the Sphere to a Semi-

circle.
The
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T'he Pyoportion to find ir from M. i might Meridian, the third
term being exprefs'din Sines, will be thws.

Get the fum of the Altitude and Colatitude, and when it exceeds
a Quadrant, takeits Complement to a Semicircle, the Ark shus “ 9
found, is called the Compound Ark: - Thenicholds, |

s the fourth forind before.

- 15 to the Radius, ‘ : a1 : .
£, in Summer Declinations, is th differences but in Winter De-
clinations, the fum of the Sines of the Swns or Stars declinaison,

and of the compound Ark.s g
To the Perfed Sine of the Azimuth from the Midnight Meridinn %

ﬂfr liil.' pfﬂﬂrr [
Uie this Proportion alwaies for the Sunor Stars, whenthey

come to the Meridian between the Zenith and elevated Pole.
: And to find it from the Noon Meridian,
Get the difference between the Altitude and Colatitnde, and
then it holds,
As the fourch Sine found before,
1 to the Radins, : | |
Sois the fum of the Sines of the faid Ark of Difference, and of the

Suns Declination,

To the Verfed Sine of the Aximuth fromthe Neen Meridian, in
Summiey ouly, When the Suns Alritnde is lefs 2hen the Colati-

tude.

Etm—

Inall other cafer,

$0 is the difference of the fasd Sines, Py
Tothe Ver[ed Sine of the A%imnth, as before, from Noow Meri-

Aiat

-
Py T T N [ g R

If by the former Proportion it be required to find the Azimuth

 the Verfed Sine of 9o, a difference of Verfed Sines taken out

of the Line of Verfed Sines on the left edge muft be doubled, and
being taken out of the Line of Stnes,as {ometimes reprefenting the
former , fometimes the laster half of a Verfed Sine, needs not be

doubled.
E xample.
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Example:
Latitude of Nottingham- ——53'
Altitude of the Sun —4

Ark of difference — 49
@ Declination 20 North,the

~ Polar diftance is
The Point of entrance will fall at the Sine of 36° 54/

And the difference of the Verfed Sinesof 49" and 70!, equal to

the diftance berween the Sines of 41'and 20 being entred at the

“Point of entrance, and the Tbread laid to the other foot will lye

_over 61' 30 of the Verfed Sine of go', and fo much is the Suns

Azimuth from the North.

——70

Awother -Example for finding it from the Sonth when the Alti-
tude ss mave then she Colatitnde.

Altitude—-——47"
Colatitude——37 of Notringham.

difference 10

The Point of entrance will fall at the fineof24' 14/ fouud by
“taking the peareft extent from fine of 37'to the Thread lying
over 43° of the Limb the Coalticude.

Then the diftance between the fines of 10 the Ark of difference
asabove , and the fine of 20 the Suns North Declination being
entred at the Point of entrance, and the Thread laid to the other
foor, will fhew 53 557 inthe Verfed fine of 90’ for the Suns Azi-
muth from the South.

oA third Example when the Alritude is lefs they the Cols-
titude in Summer,

Complement Latitude 37' of Nastingham.
Alticude- —34

difference—————3
Ii
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242 General Proporsions for the Azimuth.

The Point of entrance will fall ac the fine of 29' 55/, and the
fum of the fines of 3!, and of 20! the Suns declination fuppofed-
North, is equal to the fine of 23" 13%: Which Extent entred at
29' 55/, the Doint of encrance, and the Thread laid to the .other
foot according to neareft diftance , it will interfe@ the Verfed fine
of 9o' atthe Ark of 77° 57/, and fo much is the Suns Azimuth'
from the South.

And if there were no Verfed fings in the Limbe, find an Ark of
the equal Limbe, and enter the fine of the faid Ark down the Line
of Gines from the other end , and you may obzain the Verfed fine

of the Ark fought.

More Examples need not be: infifted upon, having found the’ d

Point of entrance , the diftance between the Verled fines of the
Bale or fide fubtending the angle foughe, and of the Ark of dif--
ference between the two including fides, being taken out of the
fireight Lioe of Verfed Lines on the leftedge, and entred atthe
Point of encrance , laying the Thread o the'other foot (hews in
the Verfed Sine of 18cdin the Limb theangle fought ; and if the

the angle fought in the Verfed Sine of 9o, when the Angle islefs
then a Quadrant, when more, the diftance berween the Verfed
Sines of the Bafe and the fom of the Legs, will find the Comple-
raent of the angle fought to a Semicircle ‘withoot doublinginthe
Verfed Sine of 180* in the Limb , ‘with doubiing-in the Verfed
Sine of 9o?, ' :
Laftly, Three fides, viz. all lefs then Quiadrants or one of them
greater, generally to find-an anglein the equal Limb, the Pro--

portion will be,

{1id diftance or Exrent be doubled, and there entred itfhews:

eAs the Roadins,
Is to the (Cofinc of one of the inclucing fides 3 #
So is the Cofine of the sther Includer,
To a forrth Sine.

Again, y
oA s the Sine of one of the Includersy
Tothe Cofecant of the othir

JT-'!.
,i'!:

T
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So When any one of the fides is greater then a' Quadrans is the [um
bt When all lefs, the difference of the fourth Sine , and of the
Cofine of the third fid:,

T o.the Cofineof the anyle fonght.

If any of the three fides be greater then a Quadrant, it fubtends
an Obtufe angle , the other angles being Acute; But when they
are all lefs then Quadrants, if the 4 Sine be lefs then the Cofine
of the third fide, the angle fought is Acute, if equal thereto,itis a
right angle, if greater an Obrufe angle.

From the Proportion that finds the Hour from fix, we may educe
a fingle Proportion applyable to the Logarithms wichout naw-
ral Tables for Calculating the Hour of the day to all Alticudes,
By tarning the third Tearm, being a difference of Sines or Ver-
fed Sines into a Re&tangle, and freeing it from affe&ion.

The two firft Proportions to be wrought are fixed for one De-
clination; The ficlt will be to find the Suns Altitude or Deprelii-
on at fix.

The fecond will be to find half the difference of the Sines of the
Suns Meridian Alctitude, and Altitude fought, ¢i¢. as before de-
fined, the Proportion to find it is,

As the Secant of 60,

T o the Cofine of the Declination :
So s the Cofine of the Latitude,
T o the Sine of a fourth Arch.

- Laftly, 7o find the Hour.
Get the fum and difference of half the Suns Zenith diftance at
“the hour of fix ; and of half his Zenith diftance co any other pro-
pofed Altitude or Depreffion.
Then, Asthe Sine of the fonrth Areh,
- Istothe Sime of the [um :

8o 1 the Sine of the difference,
T othe Sine of the kour frem f[ix towards Noon or CMid-
night, according as the Altitude or Depreflion was
greater or leffer then the Altisude or Deprediion at g;r
112 -
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244 s Of the Stars.

Obferving that the Sine of an Arch greater thea a Quadrant, is
the Sine of that Arks Complement to a Semicircle. W

Of the Stars placed npow the Quadrant bélow the Projellion,

L L the Stars placed upon the Proje@ionare fuch as fall be-
tween the Tropicks and the Hour may be found by them
with the Proje&ion, as in the Ul of the fmall Quadrant : Which
may alfo be found by che fitted particular Scale, not only for Stars
within the Tropicks, but for all others without, when their Alkie
tude is [efs chen 62/, and likewife their Azimuth may be thereby
found when their Declination is not more then 62/,

For other Stars without the Tropicks, they way be put on be-
low the Projeion any wherein fuchan angle that the Thread °
laid over the Star fhall (bew an Ark io the Limb, at which in the
Sines the Puint of entrance will always fall ; And again, the fame
Star is to be graved at its Altitude or Depreffion at fix in the*
Sines, andthento find the Stars hour in that Latitude whereto
they are fitted , will always for Northern Stars be to take the dis
ftance in the Line of Sines between the Star and its given Altitude,
and to enter that,Extent at the Poiat of entrance, laying the
Thread to the other foot according to neareft diltance,and i gives -
the Stars hour in the cqual Limb from fix, which may alfo be
found in the Sines by a Parrallel entsance, laying the Thread over
the Star. | WG

E xvample. | X

Let the Alurude of the laft inthe end of the great Bears Tail be
63', takethediltance betyeenit aadiche Star whichis gravedac
37' 307 of theSines, the f3id. Extent enred av theSine of 234,
the Ark of the Limb the Thread interfe@s when it lies overthe'
faid Star, and by laying the Theead to.the otherfoor yoewill-find
that Starshour tobe 46 11/ from, fix towards NoonMeridian,
if the Alticude increafe, and in. findisg the true time ofthe night,
the Stars hour muft be always reckoned from the Meridian it was
faf-upon; in this Example it will be 5 minutes pafto. feré.

of
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" Of the Luadrant of Afrﬁﬁam o the backside,

This Quadrant is divided into 24 Hours with their qaarters and
fubdivifions, and ferves to give the right Afcenfion of a S:ar, as
inthe fmall Quadrant to be caft up by the Pen.

It alfo ferves to find the true Hour of the night with Compaffes.

Firflk baving found the Stars hour, take the diftince on thes Qua-
drant of Afcenfionsin the fame 12 hours between the Star and
the Suns Afcenfion (given by the forefide of the Quadrant ) the
faid Extent fhall reach from the Stars hour to the true hour of the
night , and the foot of the Compafles always fll upon the Qua-
drant 3 Which Extenemuft be applyed the fame way it was taken,
the Suns foot to-the Stars hour. )

E xample.

Ifupon the 30 of December the laftin the end 'of the Bears
Tail were found to-be 9 hours 057 paft the Meridian it was laft vp-
on, the truetime fought would be 16 minaces paft 3 in the morn-
ing-

Amother Example for the Balls Eye.

Admit the Altitude of'that Star be 304, that Srars hour as we
found it by the Line of Verfed Sines was 3ho 3/ from the Meridian,
if the Altitude increafe, then that Stars hour from the Meridian

it was laft upon was 57 minutes paf § — — —-—38" = 57/
~ Ifthis Obfervation were upon the 234 of O&ober,
the Complement of the SunsAfeenfion would be— 9: 30

The Afcenfion of that Star is ————— — —a: 16

The true time of the night would be forty——10:43

three minutes paft ten.

The diftance between the Star and the Suns Afcen{ion being
applyed the fame way , by fetting the Sun foot at the Stars hour
will fhew the truc time foughe, s

When
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and the true time foughe, will be 49/

When the Star is pa
the Stars hour will be 3* paft 3,

paft 4 in the next morning.
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Of the Graduated Circle, | 247
| topo0 . 00

Tf.?e—‘ Geometrical (onftruition of NI’

. . O o
Fofters Circle. e
W7

- He Circle onthe Back fide of the Quadrant, wherdof one
quarter is ooly a void Line, isderived from M. Foffer’s Trea-” €777
tife of a Qoadrant, by him publifhedin 42 0 1638. the foundas
. tion and ufe whereof being concealed, 1 (hall therefore endeavour
to explain it.

Upon the Center H defcribe acircle, and draw-the Diameter
A C, pafling through the Center, and perpendicularly there-
to,upon the point C, ere@ a Line of Sines C I, whole Radius {hall
be equal to the Diameter A C, let 9o’ of theSineendat1; [ fay
then, if fromthe point A, through each deg ee of that Line of
Sines, there be fl-eight lines drawn, interfecting the Quadrant of
'~ thecircle C G, as aline from the point D doth interfe& it at B
the Quadrant C G, which the Author czlls the upper Quadrane,
or Quadrant of Latitudes (hall be conRituted, and if C1be con-
tinued as a Secant,by the fame reafon the whole Semicircle C G A
may be occupied ; hence it wiil be neceflary to educe a ground of
calculation for the accurate dividing of the faid Quadrant, and
that will be eafie ; for A C being Radius, the Sine CD doth alfo
reprefent the Tangent of the Angleat A, therefore feek the natus
ral Sine of the Ark C D in the Table of Natural Tangencs,and the
. Ark correfponding thereto, will give the quantity of the Angle
D A C, then becaufe the point A falis in the circumierence of the
Circle, where an Angle s but half fo much as it is at the Center,
* by 31 Prop. 3. Euc. double the Angle found,and from a Quadrant
~ divided into 90 equal parts, and their fubdivifions, by help ofa Ta-
ble fo made, may the Quadrant of Latitudes be accorately divided -
but the Anthor made his Table in page 5. without doubling, to be
graduated from a Quadrant divided inzo 45 equal parts,

A gain, Ifupontie Center C, witha pair of Compaffes, each
cezree of the line of Sines be transferred into the Semicircle CG A
it fhall divide itinto 90 equal parts ; the reafon whereof is plain,

becaule
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~ bécdufe the Sine of 2n Arch is half the chord of twice that Archy
and therefore the Sines being made to twice the Radius of this cir-
cle, thall being transferred into it,become chords of the like Arch,
to divide a Semicircle into 9o equal parts. '
_Again, upon the point A, eret a line of Tangents of the fame
Radins wich che former Sine,which we may fuppofe to be infinicely
continted, here we nfea portion of it A E. &
If from the point C, the other extremity of the Diameter lines
be drawn, cutting the lower Semicircle (as a line drawn from E ==
inrerfc@s itat F ) through each degree of the faid Tangent, the faid =
lower Semicircle thall be divided into 90 equal parts ; the reafon =
is evident a line of Tangents from the Center fhall divide a Qua- =
drant into 9o equal parts, and becaufe an Angle in the circomfes =
rence is bu half fo muchasit isin the Center, being transferred =
thither, a whole Semicircle fhall be filled with no more parts.
The chief ufe of this Circle, isto operate Proportions in Tan. =
gents alone, or in Sines and Tangents joyntly, buile upen this =
foundation, that cquiangled plain Triangles have their fides Pro- =
portional. N
In ftreight lines, it will be evident fromthe point Dto E, draw
a fireight line inter{fe@ing the Diameter at L, and then it liesas C L 3
toCD; foisALto AE : itisalfotrueina Circle, provided it
be evinced, that the points BL F fall ina ftreight line. 3
Hereof I have a Geometrical Démonftration, which would re- =
quire more Schemes, which by reafon of its length and difficoley,
I thought fit at prefent not -to infert, poffibly an eafier may be
found hereafter : Asalfo, an Algebraick Demonftration, by the
Right Honourable, the Lord Brankard, whereby after many Al —
gebraick inferences it is eninced, thatas LK istoKB:: fois LNL
Fa L E : whence it will follow, that the points B, L, F,areina righe =
ine. i
If a Ruler be laid from 45¢ of the Semicrcle, to every degree
of the Quadrant of Latitudes, it will conftiture upon the Diame-
ter, the graduations of the Line S0/, whereby Proportions in Sines
might be operated withount the other fupply.

From
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. From the fame Scheme alfo follows the confiru&ion of the
freight line of Latitudes,from the point G, at 9o' of the Quadrant
of Latitades, draw a ftreight Line to C, and tranfer each degree of
the Quadrant of Latitudes with Compafles, one foot refting up-
on C into the faid ftreight line,and it fhall be conftituted.

Ta Calculate st.

The Line of Latitudes C G bears fuch Proportion to C A as the
Chord of 90'doth to the Diameter, which is the fame that
the Sine of 45 ' bears to the Radius ; or whichis all one that the
Radius bears to the Secant of 454, which Secant is equal tothe
Chord of god ; from the Diagram the nature of the Line of La-
titudes may be difcovered.

Anytwo Lines being deawn to make a rightangle , if any Ark
of the Line of Latitudes be pricked off in one of thofe Lines reta:-
ning a conftant Hipotenufal A C, called the Line of Hours , equal
to the Diameter of that Circle from whence the Line of Latitudes
is conftituted , if the faid Hipotenufal from the Point formerly
pricked off, be made the Hipotenufal to the Legs of the right an.
gle formerly pricked off, the faid Legs or fides including the right
angle fhall bear fuch Proportion one to.another , asthe Radius
doth to the fine of the Ark fo prickt off; and this is evident from
the Schem for fuch Proportion as AC bearsto CD, doth AB
bear to B C, for the angle at A is Common to both Triangles,and
the angle at B in the circumference isa right angle, and confe-
quently the angle A € B will be equal to theangle AD C, and the
Legs A Cto C D bears fuch Proportion by conftruction, as the
Radias doth to the Sine of an Ark, and the fame Proportion doth
A B bear toB C, in all afes retaining one and the fame Hypote-
nuial A C, the Proportion therefore lies evident.

As the R adim, the fine of the angleat B,
T its oppofite fide A C, the Secant of 454 :
So i the fine of the angle at A,
Taits oppofire fide B C fomghe. Now the quantity of the angle
at A was found by feeking the natural Sine of the Ark prupoi'u:dlun
K k the
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250 Of the Diameter.

the Table of natural Tangents; and having found what Arkan=

fwers thereto , the Sine of the faid Ark is to become the thied

T earm in the Proportion. :

Bat the Cannon preferibed in the Defcription of the fmall Qua-
drant is more expedite then this, which Mr Swteen had from
Mt Dary long fince, for whom, and by whofe dire@ions he made
a Quadrant wich the Line $o/, and two Parrallel Lines of Sines up-
onit, asishere added to the backfide of this Quadrant.

Of the Line of Hours, alias, the Diametey-or Proportional
Td”gfﬂfl ;

This Scaleisno other then two Lines of natural Tangénts te i

454, each fet together ac the Center , and from thence beginnin
and continued to each end of the Diameter , and from ene end.
thereof numbred with 904 to the other end. ,

This Line may fitly be called a Proportional Tangent, for wher-
foever any Ark is affumed initto be a Tangent, the remaining
part of the Diameter is the Radius to the faid Tangent.

So in the former Schem, if C L be the Tangent of any Ark, the '?
Radius thereto fhall be AL. i

A E'

Lo
-

o

In the Schem annexed, lec A B be the Radius of 2 Line of Tan=
gents equal to CD, and alfo parralel thereto, and from the

Point.
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Point B to € draw the Line B C, and let it be required to divide
the fame into a Line of Proportional Tangents: I fay, Lines
drawn from the Point D to every degree of the Taagent, AB
fhall divide one half of it as required from the fimilitude of two
right angled equiangled plain Triangles,which will have their fides
Proportional , it will thereforehold, 4sCF, 7o CD: SoFB,
ZoBE, and the Converfe, As the fecond Tearm CD, To'the fonrih
BE : Soithe firff CF, To the thirdF B, and therefore C F bears
fuch Proportion toF B, as CD dothto B E, which is the fame
that the Radius bears to the Tangent of the Ark propofed.

If it be doubted whether the Diameter wil be a double Tangent
or the Line here defcribed fuch a Line, a Proportion fhall be given
to find by Experience or Calculation , what Line it willbe ; for
there is given the Radius C D, and the Tangent B E, the two firft
Tearms of the Proportion, with the Line C B the fum of the third
and fourth Tearms, to find out the faid Tearms refpe@ively ; and
it will hold by compounding the Proportion,-

As the fumof the firft and fecond Tearm,

Istothe fecond Tearm :

So #s the fum of the third and fourth T earm,

T's the fourth Tearm, thatis,

eAsCD*BE, IstwoBE:

SosCF+FB=CB, ToF B, fee 18 Prop. of 5 of Euclid, or

ge 18 of the Englith Clavi Mathematice, of the famous and
learned Mr Onghired.

After the fame manner is the Line 5o/, or Proportional Sines
made, that being alfo fuch a Line, that any Ark being aflumed in
itto be a Sine, the diftance from that Ark to the other end of the
Diameter, (hall be the Radius thereto.

Kkz A




252 Of vhe Line of Latituats:-

A Demonftration to prove that the Line of Honrs.and Latitudes
will jointly priek off the bowr Ditkances inthe [ame angles.
as if they Were Calenlared and pricke of by Chardss. |

A

B

' Ei

Draw the two Lines A B and C B crofing one anorher at right: =
angles at B, and prick off B C the quantity of any Ark out of the -
line of Latitudes, and then fit in the Scale of Hours; fo that one
end of it meeting with the Point C, the other.-may meet with the
other Leg of the right angleat A , from whence draw A E parra-
b lel to B C; So A B being become Radius, B C is the Sine

v I of the Arch firft prickt down from the line of Latitudes ; from the
i ; Point B through any Pointin the line of Proportional Tangents,
at Ldraw the Line BL E, and upon B with the Radius BA
draw the Arch A D, which meafureth the Angle A BE to the
fame Radius : I fay, there will then be a Proportion wrought, and
the faid Arch meaforeth the quantity of the fourth Proportional,
the Proportion will be, 2558
- Asthe Radims,

T'o the Sine of the Ark pricke down from the Line of Latitudes :

So 8 any T angent accounte d in the Scale, beginning at A, -

To the Tangent of the fourth Proportional 5 i the Schem it lies
evident inthe two oppofite Triangles LCB and LA E, by con= °
ftru®ion equiangled and confequently their fides Proportional,

Affuming A L to be the Tangent of any Ark, L C becomes the
Radius, according to the prefcribed conftruion of that Line, it
then lies evident, As




“of the Lineof Latitudes,

As L C the Radims, o

T o C B the Sine of any Ark,s

So s L A, the Tangent of any Arz,,

To A E, the Tangent of the fourth Proportional.

Namely, of the Aogle A B E, and theretore it pricks downthe
Hour-lines of a Dyal moft readily and accurately : the Proportion
in pricking from the Subfile being alwaier,

As the Radins,

To the Sineof the Stiles height,

Sothe Tangent of the Angle at the Pole,

Tothe T angent of she Hour-line from the Subftile.

Ufes of the Graduated Circle.

To work Proporiions in Tangents alone,

In any Proportion wherein ¢he Radius is not ingredient,it is fup-
pqﬂeg to be introduced by a double Operation, and the Poportion
wi e,

As the fir[t tevm, Tothe [econd,

So the Radius to afourth.

Agains
eAs the Radius is vo that funrth,

So is the third Term given,

T'o the fonrsh Proportional fomght.
Inilloftrating the matter, I(hall make ufe of that Theoreme

for varying of Proportions, that the Tangents of Arches, and the
Tangents of their Complements are in reciprocal Proportions
As Tangent 23" to Tangent 35, So Tangent 55 tothe Tan-

gent of 67°.
In working of this Proportion, the laft term may be found on

‘the equal Semicircle, or on the Diameter.

1. Intbe Semicircle.

Extend the thred through 23 on the Diameter, and through 35"

- the Semicircle, and where it interfects the Circle onthe op;i}qo-
1Te
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fite fide, there hold ene end of it, then e_xgend Ehe ptl_ler part of it
over 55 in the Diameter, and in the Semicircleic will interfec 674
for the term fought.

2. Onthe Diameter,

Extend the thred over 23* in the Semicircle, and 354 on the Di.
ameter, and where it inter{e&s the void circular line onthe oppo-
fite fide, there holdit, thenlaying the other end of it over §54
in the Semicircle, and it will cut 674 on the Diameter.

If the Radius had been one of the terms in the Proportion, the
operation would have been the fame, if the Tangent of 454 had
been taken in ftead of ic.

T owork Proportions in Sines and T angents joyntly,

; 1. If aSine be foughe, the middle terms being of a different
ecies.

: Extend the thred through the firk term on the Diameter, being
a Tangent, and through the Sine, being one of the middle terms,
counted in the unequal Quadrant, and where it interfects the Op-
pofite fide of the Circle hold it, then extend che thred over the
Tangent, being the other middle term counted on the Diameter,
and it will interfec the graduated Quadrant at the Sine fought.

Example.

If the Proportion were as the Tangent of 144 to the Sine of 29'
Sois the Tangent of 20'to a Sine, the fourth Preportional would
be found to bethe Sine of 45 .

2. If a Tangent be fought, the middle terms being of feveral
kinds, Extend the thred through the Sine in the npper Quadrant,
being the firft term, and throngh the Tangent on the Diameter,
being one of ihe other middle cerms, holding it at the Interfection
of the Circle on the oppofite fide, then lay the thred to the other
middle term in the upper Quadrant, and on the Diameter,it fhews
the Tangent foughe. ’

Example.
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Example.

If the Suns Amplitude and Vertical Alritude were given, the
Proportion from the o Analemmarto find the Latitude would be,

As the Ssne of the Amplitude to R adiys,
So 1s the Sine of the Vertical Altitude,
Tothe Cotangent of the Lairnde

Let the Amplitude be —— 301 g4
And the Suns Altitude being Eaft or Weft— 30 39/

Extend the chred through 39 54/, the Amplitude counted in
the upper Quadrant, and through 45¢ on the Diameter, holding
it at the interfe@ion with the Circle on the Oppofite fide, then
fay the thred over 30439/, the Vertical Altitude, and it will inter-
fedt ah'-' Diameter at 38' 28, the Complement of the Latitude
fought.

But Proportions derived from the 16 cafes of right angled
Spherical Triangles, having the Radius ingredient,will be wrought
without any motion of the thred.

An Example for finding the Suns Azimush at the Honr of 6,

Asthe Radins tothe Cofine of the Latstude,

Sa the Tangent of the Declination,

To the Tangent of the Azimnth, from the Vertical sowards Mid-
night Meridian. ;

Extend the thred over the Complement of the Latitude in the

- wpper Quadrant, and over the Declination in the Semicircle, and
onthe Diameter. it thews the Azimuth foughe.

So when the Sun hath 15" of Declination, his Azimuth fhall be

9428/ from the Vertical at the hour of 6 in our Latitude of London.

eAnother
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256 " Ufesof the Graduated Circle

Ansther Example t0find the time when the Sun will be dwe Eaft
or Wefts .

Extend the thred over the Latitude in the Semicircle, and over
the Declination on the Diameter,and in the Quadrant of Latitudes
it fhews the Ark fought. '- I

The Proportion wrought, is,

A the Radius to the Cotangent of the Lati'ude,

8ot the Tangent of the ‘Declination,

T o the Sine of the Hour from 6.

Example.

So when the Sun hath 1 §'of North Declination, in, our Lati-
tude of Londou,the Hour will be found 12* 18/ from 6 in time 49 ¥
paft 6 in the morning, or before it in the afternoon.

" Another Example to find the Time of Sun rifing.

As the Cotangent of the Latitnde,to Radin,
8o 1 the Tangent of the Declination,
To the Sine of she Hour from 6 before or after it.

Lay the thred to the Complement of the Latitude in the Semi-
circle, and over the Declination on the Diameter, and in the Qua-
drant of Latitudes, it fhews the time fought in degrees, to be con-
verted inte common time, by allowing 15' to an hour, and 4/
to a degree.

So in the Laticude of Lendon, s1¢32” when the Sun hath 15 of
Declination, the alcenfional difference or time of rifing from 6,
will be 194 427, to be converted into common time, as before.

By what hath been faid. it appears, that the Hour and Azimuth
may be found generally by help of this Circle and Diameter.

For the performance whereof, we muft have recourfe to the
Proportions delivered iu page 123. whereby we may alwaies find
the two Angle adjacent to the fide on which the Perpendicular fal.

ler,
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feth, which may be any fideat pleafure ; for after the fir® Pro»
portion wholly in Tangents is wrooghe, to find either of thofe b1
Angles, will beagreeable o the fecond cafe of right angled Sphe- it B
rical Triangles, wherein there will be given the Hypotenufal, and
one of the Legs, tofind the adjacent Angle, onlyit muft be fog.
gefted, that when the two fides chat fubtend the Angle fought,
are together grearerthen a Semicircle, recourfe muft be had to the i |
Oppofite Triangle, if both thofe Angles are requiredto be 'found R
by this Trigonometry, ‘otherwile one of them, and the chird An- 1§
gle may be found by thofe dire&ions, by letting fall the perpendi-

+  cular on another fide, provided the fum of the fides fubrending

. thofe Angles be not 2lio greater then a Semicircle ; or, baving firft

~ found one Angle, the reft may be found by Proportions in Sines
only. |
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lN the Triangle & Z P, if it were required to find the angles ac
. & Z and ©, becaufe the fum of the fides & Pand Z P are lefs then |
~ a Semicircle they might be both found by making the half of the i 8
~ Bafe © Z the firft Tearm inthe Proportion, and then becaufe the AR a

Iﬂ%ﬁ @ Z are'of a differcnt aff:&ion,the Perpendicular would fal ik
without on the fide © Z continued towards B,as would be evinced

L1 by
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by the Proportiod, for the fourth Ark difcovered, would be found

K]

greater then the halfof © Z; hence we derived the Caonon m;
124, for finding the Azimuth ; Whereby might alfo be found the
angle of Pofition st @ 3 fo if it were required to find the anglesat
& and P, the fides ® Z and Z P being lefs then a Semicircle the
Perpendicular would fall within from Z on the fide © Pas would
alfo be difcovered by the Proportion, for the fourth Ark would be
found lefs then the half of @ P. G
" Bue if it were required to find both theangles at Zand P, in
this Cafe we muft refolve the Oppofite Triangle Z BP, becaufe
the fum of the fides © Z and © P are together greater then a Se-
micircle , and this being the moft difficult Cafc,we fhall make our
prefent Example. The Proportion will be,
Asthe Tangent of half Z P,
Is to the Tangent of the balf [wm of ZB and PB-::
So is the Tangent of half their difference,
T o a4 fourth T angent.
That is, As Tangent 163 147,
Istothe Tangent of 86' 30/,
So is the Tangent of 9' 39/,
To afourth.
Operation. . _
Extend the Thread through 194 14’ onthe Semicircle, and 94
3¢ on the Diameter, and hold it at the Interfection on the oppo-
fite fide the Semicircle, then lay the Thread to 864 30/ in the Se-
micircle , and it fhews 824 44/ onthe Diameter for the fourth
Ark foughe.
Becaufe this Ark is greater then the half of Z P, we may con-
clude that the Perpendicular B A falls witheut on the fide Z P con-
tinued to A.

fourth Ark———829% 44/
halfof Z.P is ———10. 14
fum — 101 58 sZA
difference —63 30 isPA

Then in the right angled Triangle B P A, righe angled at, A we
have P Aand B P the Hy%atennl’al, to,find the angle BR A, equal
tethe angle @ ZP.  The Proportion is. a1

A
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As the Radins, g

Is vo the Tangent of 13d, the Complemint of BP :
Sois the Tangent of P A 63d 3¢/,

Tothe Cofine of the angle at P.

Extend the Thread through 134 on the Biameter, and through
634 30/ in the Semicircle counted from the other end , andinthe

upper Quadrant, it fhews 274 35 for the Complement of the
angle foughe.

And letting this Example be to find the Hour and Azimuthin
our Latitude of Losidow; fo much is the hour from fix in Winter
when the San hath 134 of South Declination, and 64 of Altitude,

i time 1 o 50 ; mivutes pat fix in the morning, or as much be-
foreitin the afternoon.

T find the e Azimuth.

Again, inthe Triangle Z A B right angled az A; there is piven
- theLegor SideZ A 1014 58 and theHiporenu}al ZB;& , to
findtheangle BZ P; here noting that the Cofine or Cotangent

of an Ark greater then a Quadrant is the Sine or Tan ne of thae
Arks excefs above 904, and the Sine or Tangent of ag: Ark grea-

ter then a Quadrant, the Sine or Tangent of that Arks Comple-
ment to 1804, it will hoid, \ ‘

As the Radiw,

Tothe Tangent of 6d :

86 isthe Tangent 784 2/,
~ Tothe Sine of 394 44/, found by extending the Thread throwgh
=84 2/ onthe Semgcircic,cuunted from the other end, aliss, in the
fmall figares, and in the Quadaant ic will interfe® 29144/ ; now
by the fecond Cafe of righe angled Sphcerical Triangles, the angle
AZ B wiltbe Acute, wherefore the angle © Z B is 1194 44/ the
Suns Azimuth from the North , the Complement being 60d 16/
istheangle A Z B, and fo much is the Azimuth from the Somths
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260 uﬁ::. of the Lines within she Csrcl?,

T o Work Preportions in Sines alene.

Hat chis Circle might be capacicated to try anyCafe of Sphee-

rical Triangles, there are added Lines to it, namely,the Line

So! falling perpendicularly on the Diameter from the end of the

Quadrant of Latitudes, whereto belongs the two Parrallel Lines of

Sines in the oppofite Quadrants,the upermoft being extended erofs
the Quadrant of Latitudes. 0

T he Proportion nor baving the Radins ingredient,and being of
' the greater to the lefs. st o

Acconnt the firft Tearm in theline Sof, and the fecond inthe
upper Sine extending the Threadthrough them,and whereit inter-
fe@s the oppofite Parrallel hold it; then lay the Thread to the
third Tearm in the line §o/, and it will interfe® the fourth Propor-
gional on the upper Parrallel.

As the Sine of 301,

To the ine of any Arch ;

8o 15 the Cofine of that Arch,

T o the fine of the dimblo Arch and the Converfe.

By trying this Cacon, the u.‘.’”c of thefe Lines will be Iudﬂenip
attained,

oAs the fine of 30, 3oL

T o the im: of 20" : = M 0G

8o is she fine of 701,

o the fine of 40°, :

Butif it be of the lefs to the greater; the anfwer muft be found
onthe Line Sol.

Account the firft Tearm on the npper Sine,and the fecond in the
Line 8¢/, and hold the Thread at the Interfe&ion of the oppofite
Parrallel. chenlay the Thread to the third Tearm on 'the uper
Parrallel,and on the line So/ it will interfe& the fourth Proportio-
nal if it be lefs then the Radius, | But

Example,
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Bat Proportions having the Radius ingredient, will be wronght
witheut any Metion of the Thread, . %

Asthe Cofine of the Laritude,

T o Radins :

So is the fine of the Declination,

To the fine of the Amplitude.

So 1n our Latitude of Londan , when the Declinationis 20 12/
the Amplitude will be found ro be 33 427,

Extend the Thread through 384 28’ on the line So/and through
the Declination in the upper Sine, and it will interfe the oppofite
Purrallel Sine at 334 427, the Amplitude fought. '

The ofe o the Semi.Tangent and Chords are paffed by at pre-
fent.

The line Sof is of ufe in Dyalling, asin Mr Foffers Poffhama ,
page 70 2nd 71, where it is required to dividea Circle into 12
equal parts for the hours, and each part into 4 fubdivifions for the
quarters, and into fuch parts may the equal Semicircle be divided ;
- that if it were required to divide a Circle of like Radius into fuch
parts, it might be readily done by this,

Of the Line of Honrs on theright edge of she forefide of the

Qundrant.

This is the very fame Scale that is in the Diameter on the Back-
fide, only there it was divided into degrees, and hereinto time,and
placed on the outermeoft edge ; there needs no line of Latitudes be
ficted chereto, for thofe Extents may be caken:off 4s Chords from
the Quadrant of Latitudes,; | by help of chefe Scalés thus placed on:
the ontward edges of the Qbadrarits may the hour-lines of Dyals:
be prickt down without Compallss,
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Flr! draw the line C E, for the Hour-line of 12,and crofsit with
the Perpendicular A B,then out of a Scale or Quadrant of La-
titudes fet of C Band € A, each equal to the Stiies heighe, orLa-
cicude of the place, then place the Scale of 6 hours on the edge of
the Quadrant, whereto the Line of Latitudes was ficced, one exs
tremity of itat A, and move the Quadrant about, till the other
end or extremity of it will meet with the Meridian line CE; then
inregard the faid Scale of Hours ftands on the very brink or out-
wardmolt edge of the Quadrant, wihaPin, Pen, or the end of a
black-lead pen, make marks or points upon the Paper or Dyal

againft cach hoar (and the like for the quarters, and other ieﬂ':j
parts
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Todraw 4 Horizontal Dyal, 263

parts) of the graduated Scale, and from thofe marks draw lines
into the Center, and they fhall be the hour-lines required, without

- drawing any other lines on the Plain, the Scale of Hours on the

Quadrant is here reprefented by the lines A E, and E B, the houe
lines above the Center,aredrawn by continuing them out through

the Center.

And thofe that have Paper prints of this line, may make them

.~ ferve for this purpofe, without pricking down the hour points by

Compafles, by doubling the paper at the very edge or extremity

| -of the Scale of Hours.

"o

Otherwife to prick down the faid Dial without the Line of La-

- titudes and Scale of hours in a right angled Parallellogram.

Havmg drawn C E the Meridian line, and croffed it with the

| perpendicular C A B, and determining C E to be the Radius of a-

ny length, take out the Sine of theLatitude to the fame Radius,
and prick it from Cto A and B, and fetting one foot at E, with the
faid Bxtent fweep the touch of an Arch at D and E+ then take the
length of the Radius CE, and fetting down one foot at B, fweep
the touch of an Ark at D, interfe®ing the former, alfo fetting
down the Compafles at A, make the like Arch at F, and through
the points of Interfe®ion, draw the fireight lines AF, BD, and
FE D, and they will make a right angled Parallellogram, the fides

~ whereof will be Tangent lines.

3 39

$ Todraw the Honr lines:
Make EF, or E D Radius, and preportion out the Tangents of

2 O

157 0a prick them down from E tn{ ' and : - %and draw lines

- through the points thus found, and through the points F and D,

1 and there will be 3 hours drawn on each fide the Meridian line.

Agaio, make A F or B D Radius, and proportion out the Tan.

~ gentof 15, and prick it down from A to 5, and from Bto 7.

Allo proportion out the Tangent of 3¢, and prick it down from

~ A t0 4,and from B to 8,and draw lines into the Center, and fo the

Hour-lines are finithed, and for thofe that fall above the 6 of c:pck
ine,
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264 Proprtions for Upright Decliners:

line,they are only the oppofite hours continued;after the like man-
ner are the halfs and quarters to be pricke down.. -

Latly, By chords prick off the Stiles height equal to the Latt-
ende of the place, and letit be placed to its due elevation over the
Meridian line. : .

of ‘Uprigbr Decliners.

Ivers Arks for fuch plains are to be calculated, and lmy be
fourd on the Circle before deferibed.

1. The Subfliles diff nee fram:!:: Meridsan.

By the Subftilar line is meant, 4 line over Whll:h the Stile or cm:k
of the Dyal direély hangeth in its neareft dikance from the Plain,
by fome termed the line of defiexion, andisthe Ark of the plaln
b:{wecn the Meridian of the Plain, and the Meridian of the place.
The difance chereof from the Hour line of 13, is to be found by
this Proportion. : i -

eAs the Radsus,

To the Sine of the Plaing Declination,

So the Cotangent of the Latitnude, |
Tothe Tangent of the Subftile fram ke Meridian.

2. For the eAngie of 12 and 6,

An Ark ofed when the Hour-lines are pricked down from the
Meridian line in a Triangle -or Paralle.!ogram, (and not frum lhc
Sobkile, Jwithout colle&ing Anglesat the Pole. '

As the Radsus,

Is tr the Sine of the Plains Declinatiin,

8o ts the Tangent of the Latipude, = 21 : '

T othe Tangent of an Ark, r,.iu: C tmpkmm w!’s:waf i n&g Angfg '
of 12 awd 6.
3. Ineli-




Propertions for Upright Decliners,

3+ Tnelination of Mavidians,

Isan Ark of the Equinotial,between the Meridian of the plain,
and the Meridian of the place, orit isan Angle or fpace of time
elapfed between the paffage of the fhaddow of the Stilc from the
Subftilar line into the Meridian line, by fome termed the Plains dif.
ference of Longitude; and not impreperly, for it fhews in whae
Longitude from the Meridian where the Plain is; the faid Plain
would become a Horizontal Dyal, and the Stiles height (hews the
Latitude,this Ark is ufed in calculating hour diftances by the Tables

and in pricking down Dyals by the Line of Latitudes, and hours
from the Sub#ile.

As the Radiss,

s t the Sine of the Latitude, .

Sothe Corangens of the Plaing Declination, ey

Lo the Cotangent of the Inclinasion of Meridians, i 1
0!‘ 3 £ :':'- ! :

As the Sing of the Latirnde 1o Radius,

8o 45 the Tangent of the Plais Declination,
To she Tangent of Inclination of Meridians.

4. The Stiles height above 1he Subftile.

eAs the R adins,

Is te the Cofine of the Latisnde,

80 is the Cofine of 3he Plains Dealination,
Lo the Sine of the Stiles heighy,

Or the Sab#iles diftance being known,

As the Radius,

Tothe Sineof the Subftiles dsftance from the Mersdian,
S0 15 the Cotangent of 1he Declination,

"

Zothe Tangent of the Stiles hesghe, :




266 Propertions for Upright Decliners.
Or, The Inclination’of Meridians being known..

Asthe Radins, .

T o the Cofine of the Inclination of. Meridiant,
So.4 the Corangent of the Laritnde,

Tothe Tangent of the Stiles height:

5. Laftly, For the diftances of the Hour.lines from the:
Subﬁﬂar Lil'lt;

As the Radins,

Ts to the Sine of the Stiles height above the Plain;.

So is the Tarngent of the Angle at the Pole, ‘

To the Tangent of the Hours diffance from the Subftilar Line.

By the Angle at the Po'e,is meant the Ark of difference between
the Ark called the Inclination of Meridians, and the diftance of
any hour from the Meridian, for all hours on the fame fide the
Subftile falls, and the fum of thefe two Arks for all hours on the
other fide the Subfile. .

Thefe Proportions are fufficient for all Pleins to find the like
Arks, without having apy more, if the manner of referring De-
clining 75 fi‘gclining Plains to a new Latitude, and a néw Declina-
tion in which they (hall ftand as upright Plains,be but well explain-
ed, for Eat or Wek Bl‘;clmingﬁains, their new Latitude is the
Complementof their old Latitude, and their new Declination, is

the Complement of their l}ﬁclinatiun, which I'count always

from the Zenith, and upur; foch a fuppofition, taking their new
Latitude and Declination, thofe that will try, (hall find that thefe
Proportions will calculace ail the Arks neceffary to fuch Dials,

So




Proportions for Uprieht Decliners. 367

Soif an llpr:ght Plain decline 35 in our Latitade of Los-
dow from: the' Metidian,

T -

The Subftiles diftance from the Mfrldl&n is-—18' 34/

The Angle of 12 and 6 is- —_—— 61 00 A
The Inclination of Meridians is — 1 47
The Stiles height is - _— 34: 19

To Delineate the fame Dial from the Subftile by the Line of
Latitudes, and Scale of hours in an Equicrutal Triangle.
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268

AnUpright South Plain for the Latisude of London, Declining
25 Eaftwards.

T O prick down this Dial by the line of Latitudes, and Scale of
Hours in an Zfoceles Triangle,

Draw C 12 the Meridian Line perpendicular to the Horizontal
jine of the Plain, and with a line of Chords, make the Ari:gg




Todraw an Hprfgbr Decliner, 269

- F C12, equal to the Subfiles diftance from the Meridian, and
" draw the line F C for the Subftile ; Draw the line B A perpendi-
" calarthereto, and paffing through the Center at C, and out of the
line of Latitades on the other Quadrants, or out of the Quadrant
of Latitudes on this Quadrant, fet off B C and C A each equal to
the Stiles height, then fit in the Scale of 6 hours, proper to thofe
Laticudes, fothat one Extremity meeting at A, the other may
meet with the Subftilar line at F.
_ Then get the difference between 30' 47/, the inclination of Me-
ridians, and 30! the next hours diftance leffer then the faid Ark, the
difference is 47’ intime, 3/ neareft then fitting in che Scale of hours
as was prefcribed,

Count upon the faid Scale, -

Hour, Min.

o 34) 10 [ And make pointsat the termi-
I 3 l 11 nations with a pin or pen, &
2 3y fromF to 12} draw lines from thofe points
3 3 1 into the Center at € & they
4 3 l 2 fhall be the true hour-lines
5 3 J. 3 L - required on this fide the

(Subftile.

Again, Fitting in the Scale of Hours from Bto F, count from
that end at B the former Arks of time.

Ho Min '

00, 03) 4) And make Points at the Termi-
I, 3 5| nations, through which draw
24 13 6! Linesinto theCenter,and chey
3, 3 ceontB.tg 7 Z'_ fhall be the hour Lines requi-
4, 3 3 \ red on the other fide che Sub-

£5:43 ] 9 file

The like muft be done for the halfs and quarters, gettingthe
difference becween the half hour next leffer ( in this Example 221
30’) under the Ark called the inclination of Meridians, the diffe-

renceis 1° 17 in time 33 neareft to be continually augmfnret? “n
Our




cliner,

270 ‘Todraw an Upright De .
was done for the whole

houratatime, and fo pricke off as before

hours [ 3. %if3 wah
By chree (facil Proportions, may be found the Stiles height, ‘the
Trclination of Meridians, and the Subfliles diftance from the Plains
perperdicular, for all Plains Declining,Reclining,or Inclining,which
are fi flicient to prick off the Dyal after the manner here defcribed,
which muft be referred to another place. 1R300 ASHLINGA

If the Scale of hours reach above the Dlain, 45 at B, fothat B G
cannot be pricked down, then may an Angle be pricke off with
Chords onthe upper fide the Subftile, cqual to the Angle’F C A,
on the under fide, and thereby the Scale of hours laid in its true
fitnation, having firft found the point F onthe under fide.

To prick down the former Dyal in a Re&angular eblong, or
leng fquare Figure from the Subiftile. AL

Having fet off the Subftilar F C, affume any diftance inir, asat
F to be the Radius, and through the fame at right Angles, draw
chelioe EFD, then having made F C any diftance Radius, take
out the Sine'of the Stiles height to the fame Radius, and entring 1t
ac theend of the Scale of three hours, make it the Radius of a

Tangent, and proportion out Tangents to

3/ 10 §
1 hour 3 and f?-:(:g;:nuﬁ to %g
S

-
—

Again, Take out the Tangents of the Complement of the ficlt
Ark, increafing it each time by the augmentation of an hour,

namely 5'?”( b Al I
£ prick them .
1 ho. 57 S Con Pvo Eg and from the points
2 57 E

thus found, draw lines into the Center.
Then for the other fides of the Square, make CF the Radius

of the Dyalting Tangent of 3 hours,and proportion out Tangents
to the former Arks, ng_m:ly,

3/ and prick / P g Alfo to ¢=/S and prick/ N

1 ho. 3 <them rom » O < the latter> 1 h. 57 them from> M

2 a3 . BTo L CArks, Y2t 37 CAROeE D

and




To draw an Upright Decliner, 271

and draw lines from thele’ terminations into the Center, and the
Hout-lines are finithed ; after the fame manner muft the halfs and
- quarters be fipithed, |

And how this trouble in Proportioning out the Tangents may
be (hunned withoat drawing any lines on ‘the Plain, but the hout-
lines, may be fpoke to hereafter, whereby this way of Dyalling,
and thofe that follow, will be rendred more commodious.

Laltly, the Stile may be prickt off with Chords, or take B C,and
fetting one foot in F, with chat Extent fweep the touch of an oc-
cult Arch, and from C, draw a line jult touching the outward ex-
tremity of the faid Arch, and it fhall prick off the Angle of the
Stiles height above the Subftile.

To

- S
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272 | .
Toprick off the former Dyal in an Ob-
ligue Parallellogram, or Scalenon alias.

unequal fided T riangle from the Meri-

d:ﬁiﬂi

1

L
X X X XH

Firft, Inan O blique Parallellogram.

DRaw CE the Meridian lineland with 60 of a line of Chords,
draw the prickt Arch, and therein from K, contrary o the

Coaft of Declination, prick off 62¢, theangle of 12 and G,dand
raw
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N

i,

draw the fine C D for the faid hour line continaed on the other
fidethe Center, and out ofa line of Sines,make C K equall to 65
the Complement of the Declination ; then take out the fine of
38' 28/the Cemplement of the Latitude, and enter it in the line
DG, fo thatone footrefting ac D, the other tutned about, may
but juft touch the Meridian line the pointD being thus foand, make
CF equallto CD, and with the fides CF and CE make the Pa-
rallellogram D G F H,namely, F Hand G D equal to CE; and
EGand EHequalto D C. And where thefe diftances ( (weeping
occult arches therewith ) interfe® will find the pointe H and G
limiting the Angles of the Paraellogram.

Thd:n making E H or C D Radius, proportion out the Tangents
,_“f I;n} and prick them down fromEto { : i : ;} and
draw lines into the Center through thofe points, and the angular
points of the Parallellogram at H and G, and there will be 6 hours

rawn, befides the Meridian line or hour line of 12. Then making
D G Radius, proportion out the Tangent of 15¢, and prick 1t
down from D upwards to 5, and downward to 7, alfo  proporti-
on out thetangent of 30" and prick it from D to 8; and from F
to 4,and draw lines into the Center, and fo the hour lines ‘are fi-
nifhed ; after thefame manner are the halfs and quarters to be
proportioned outand pricked down: and if this Work is to be
done upon the Plain it felfe, the Parallel F H will excur abovz the
plain, in that cafe, becanfe the Parallel diftance of FH from the
Meridian, ‘is ¢cqual to the parallel diftance of D G the fpace G. 8.
may be fet from Hto 4, and fo all the hour tines pricke down. *

To prick down this Dyal in a Scalenon, or unequal fided trian.
gle from the Meridian, from Eto D draw the fireight line D E,
and from the fame point draw another to F, and each of them
( the former hour lines being firfk drawn ) (hall thereby be divi-
ded into a line of double tangents, or fcale of 6 hours, fuch a one as
is in the Diameter of the Circle on this quadrant,or on the right
edge of the forefide; and therefore by helpe of either of them
lines, if it were required to prick down the Dyal, it might be done
by Proportioning them out, take the extent D E, and prick it from
one extremity of the, D_iamet:si\] in the Semicircle on :hedqua-,

: n rant,

oy

. Tedvawdnupright Decliner 373
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274 * o draw an sipright Decliner

drant, and from the point of Termination draw.a line: with' black

Lead ro the other extremity; ( which will eafily rub out ¢i-
ther with bread or leather parings) and take the nﬂrt'ﬂ‘:- diftance

from 15 |
33 %nf the'Diameter to the faid line, and the faid extents
45 bttt

B It P ﬂ{ 7
fhall reach from, S Eto1o¢ andfrom Dto 8
E 9 #0202
and the like muft be done for the line EF, entring that in the Se-
micirle as before ; or without drawing lines on the quadrant,ifa
hole be drilled at one end of the Diameter, and athred fitted mto
it, lay the thred over the point in the Diameter; and take the
nearcft diftances thereto.
Laftly, from a line of Chords, prick off the fubftilac line,. and
the Riles height as we before found it. :
This way of Dyalling in a Parallellogram, was firk invented by
9ohn Ferrerens a Spaniard,long fince, and afterwards largely band-
ted by Clavins, whodemonftratesit, and (hews how to ficit in-
to al{ plains whatfoever, albeit they decline, recline, or incline,
without referring them to a new Latitude; the Tria - way is
alfo built upon the fame Demonftration, and is slready publifhed
by Mr Fafer in his Pofthuma, for itis no other then Dyalling ina
Parallellogram, if the Meridian lioe CE be continued upwards, and
CE fet off upwards, and lines drawn from the point, {0 found t0
Dand F, fhall centtitute a Parallellogram,




eAn Advertifement about obferving o
Altitudes. —

lM:gmc a line drawn from the beginning of the line Sol, to the
end ofthe Diameter, and therein fuppofe a pair of fights placed

with a thred and bullet hanging from the begining of the faid line,

a5 from a Center;] fay the line wherein the fights are placed,makes

a right angle with the line of fines on the other fide of Sol, and

fo may reprefent a quadrant, the equal Limbe whereof is either re-

prefented by the go* of the equal Semicirle, or by the go' of the

Diameter and thereby an Alticude may be taken. Now to make an

Ifoceles equicrural, or equal legged triangle made of three ftreighe

Rulers, the longeft whereof will be the Bafe or Hipotenufal line ;

thus to ferve for a quadrant to take Altitudes withal, will be much -
cheaper, and more certainin Wood, then the great Arched woo-

den framed guadrants. Morcover, the faid Diameter line fupplies

all the ufes of the Limbe, from it may be taken off Sines, Tangents,

or Secants, as was done from the Limbe ; and therein the Hour

and Azimuth, found generally by helpe of the line of Sines on the

left edge, asis largely fhewed in the ufes of this quadrant, befides

its ufes in Dyalling, onely when fuch an Inftrument is made apart,

it will be more convenient to have the line of Sines to be fet on the

- right edge, and the Diameter numbred alfo by its Complements ; .
this Diameter or double Tangent, or Hipotenufal line being firft

divided on, all the other lines may from it, by the fame Tables that

ferve to graduate them from the equal Limbe be likewife infcribed:

and here let me puc a period to the ufes of this quadrant.

Gloris Deo, .






L'be defeription of an Univerful [mall Pocket quadrant. 277

The Delcription of an Uiaver{al {mall
Pocket Quadrant.

-

i

His quadrant hath only one face.
On the right edge from the Center is placed afine
of (incs divided into degrees and half degreesup to 60 d.
afterwards into whole degrees to 8o d.
_ On the left edge iffueth a line of 10 equal parts , from the
Ceater being precife 4 inches long, each part being divided
into 10 fubdivifons and each fubdivifion into halfs,
Thefe two lines make a right angle ar the Center »_and be-
tween theminclude a Proje@ion of the Sphere for the Lati-
tude of Londsn. WS . .
Above the Projection areput on In quadrants of Circles
a line of Declinations 4 quadrants for the day:s.of.ﬁne.-mnneth,
above them the names of 5 Stars with their right Afcenfions
graved againft them , and a general Almanack.
Beneath the Projection are putonin quadrants of Circles
a particular fipe and fecant, focalled, becaufeitis particular
to the Laticude of Londen.
Below that the quadrat, and fhadowes.
Below that a line of Tangeats to 45 d.
Laft of all the equal Limbe, _
On the left edge 1s placed the Dialling feale of houts 4 In-
ches long , outwardmolt on theright edse a line of Latitudes
fitted checeto.
~ Within theline of fines clofe abutting thereto is placed a
fmall fcale called che fcale of entrance beginning again(t 52 d.
3 5 min. of the fines numbred to 60 d, ‘
. The line of fines that iflueth from the Center fhould for

a particular ufe have been continued longer to wit to a fecant
of 28 d. becaufe this could not beadmitied , the faid fecant is
placed outward at the end n{{; the fcale of enuwance towards

o the
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278 The nfes of the Projeltion,
the Limbe, and asmuch of the finc as was needful placed at ite

due diftance, at the other end of the fcale of entrance.
OFf th: wfes of the [aid quadrant.

He eAlmanack hath: been largely fpoke to inpag. 12 ,
T and 13 ,alfo againinthe ufes of the Horizontal quadrant.
1. 1 I’ 14,
The quadratand (hadowes from pag. 35t0 44
The hine of Laticudes and fcale of hours pag. 250, Again,
from page to 26 2to 274, allo the line of [ines, equal parts, and
Tangests, in other pares of the Bookes

T be Hﬁ? Ef the P}"-’.‘jfﬂij#.

His proje&icn is only fitted for finding the hour inthe

limb , and not the Azimuth , all the Circular lines onit

are parallels of Altitude or Depreflion except the Eclip-
tick and Hoizon, the Ecliptick , isknown by the Characters
of the (ignes, and the Horizon lyeth beneath it ,being numbred
with 10, 20, 30,40,

The parallels of Altitude are the Winter parallels of Stofler’s
Aftroluble , and are numbred from the Horizon upwaras to-
wards the Center ,the parallels of Depreffion which fapply the
ufe of Stoflers Summer Altitudes are pumbred downwards

from the top of the Proje&ion towards the limb.

T find the time of Son rifing, and bis Amplitude,

Ay the thread overthe day of themoneth, and fet the

., Bead to the Ecliptick,then carry the thread and Bead to
the Horizon, and the thread inthe limb, fhewesthe time
ofrifing,and the Bead on the Horizon the quantity of the

Amplitude. j
Example




The nfes of the Prejellion, 279
Example,

So on the fecond of A#gwf? the Suns Declination being 15 d;
his Amplitude will be 24 d. 3 5 min. and che time of rifing 412
paft 4in the morning.

To find the Honr of the Day.

Aving taken the Suns Altitude and re®ified the Bead as
before thewed , ifthe Sun have South Declination bring
the Bead to that parallel of Altitude on which the Suns
height was obferved, among(t thofe parallels that are numbred
upward towards the Center ,and the thread in the limb theweth
the time of the day.
Eample,

« So when the Sun hath 15 d. of South Declination , as about
28th of fannary,ifhis Altitudebe 15 deg. the time of the day
will be 39 m. paft 2 in the afternoon, or 21 m, paft 9 inthe
morning.

Buc in the Summer half year bring the Bead to lye on thofe
parallels that are numbred downwardsto the limb, and the
thread fheweth therein the time of the day fought.

Example,

If Onthe !'tmncl of Augnft his Declination being 15 d. his
Altitude were 40 d. the uuc time of the day would be 8 m. paft
9 inthe mormng, or 52 m, pait 2 inthe afternoon.

Ifthe Bead will not mect with the Alutude given amongft
thofe parallels that run donwnwards towaidscherighredge,
then icmuft be brought to thofe parall:ls chat lye below the
Horizon downward towards the left edge . and trie ibread in
the Limb fhewes the time of the day before fix in the morning
or after it in the cvening in Summer.

Qo 2 Exams«




280 To find the bonr generally.
Example,

When the Sun hath 15 d. of North Declination as on the

fecond of Augnft if his Altitude be s d. the time of the Day

will be 44 m.before 6 in the morning,or after it in the evening.

Of the general liveson this quadrant.

He line of fines onthe right ¢ége is gereral for findirg
eitterthe hour or the Azimuth in the equallimb, orin
the faid line of (incs, as I have largely fhewed in page 231
for finding the hour, alfo for finding the Suns Altitndes on all
hours, asin page 234, for finding the Azimuth from page 237
to pag. 219. |
Though this quadrant bath neither fecants nor verfed fines
asthe reft have, yet both may be ealily fupplyed, letitbe re-
quired to work this Proportion,
As the Co-fine of the declination, Is to the fecant of the
1 atitude, So is the difference of the fines of the Suns Meridian
and given Altitnde, To the verfed fine of the hour from noon,
before or after fix the hour may be found from midnight by the
proportions in page 230, .
Letthe Radius of the fines be aflumed to reprefent the fe-
cant of the Latitude, the Radius to that feeant wll bethe cofine
of the Latitude , then lay the thread to the complement of the
Declination in the limb counted from right edge , and take the
neareft diftance to it. I fay that extent fhall be the cofine of the
Declination to the Radius of the Secant enter thisat go d. of
she line of fines laying the thread to the other foot aceording to
neateft diftance, then in the fines take thediftance between che
Meridian Altitude and the given Altitude,and enter that extent
{o upon the fines that one foot refting thereon,the other turned
sbout may jaft couch the thread the diftanee between the refting
footand the Centes is equal to the verfed (ine of the ark foughe
and being meafured from the end of the line of fines towards

the Center fhewes the ark fought.

Exam-




To find the Aximuth generally. 181
_E.wmp!r.

When the Suns Declination is 15 d. North ifhis Altitude
were 35 d.21 m.the time of the day would be found.45 d.from
noon, that is ¢ in the morning or 3 in the afternoon,

Of finding the Azimuth generally.

§" Hough this may be found either by the finesalone in the e~

qual limbe as before mentioned ; or by veifed fines as was
inftanced for the heur, (ee alfo page 239, 240,241 , yet Where
the Sun hath vertieal Altitude or Depreflion, as in places with=
out the Tropicks towards either ofthe Poles, it may be found
moft eafily in the equal limb by the joynt help of finesand
tangents by the proportions in page 175.

Firft, find the vertical Altitude as is fhewed in page 174.
Then for Latitudes under4s d,

Enter in Summer Declinations the difference, but in Winter
Declinacions the fum,of the fines of the vertical Alticude, and
of the propofed Altitude once done the line of fines fromthe
Center, and laying the thread over the Tangent of the Latitude
take che neareft diftance to'it y then enter that Extent at the
complement of the Altitude in the Sines, and lay the thread to
the other foot, and inthe limb it fhewesthe Xzimuth from
the Eaft or Welt.

Example. For the Latitude of Rometo witt 42 d. Ifthe Sun
have 15 d. of North Declination his vertical Altitudeis 22 d.
45 m. If his given Akitude be 4o d. the Azimuth of the Sun will
be 17 d. 33 m. to the Southward of the W eft. If his declina-
tion were as much South and his propofed Altitude 18d. his
Azimuth would be 41 d:10 m. to the Southwards of the Eaft or
W eit, For Latitudes above 45.

If we affume thz Rad.of the quadrant to be the tangent of the
Latit.the Rad.to that Tang.fhall be the co-tangent of the Laut,
wherefore lay the thread tothe complemen: of the Latnude
inthe line of Tangents in the limb , and from the complement
of the Altitudg in the Sinzs take the nearet diftance to 1t 1fay

| thag




282 Of the particnlar Scales’ |
that extent {hall be cofine of the Altitude to the leffer Radius
which meafure from the Center ; and it finds the Point of en=
trance whereon enter the former Sum or difference of finesas
before dire@ed , and you will find the Azimuth inthe equal
limb,

Orif youwould find the anfwer inthe fines  enter the firft
extentat go d. laying the thread to the other foot , then enter
the Sum or difference of the Sines of the vertical and given Al-
titude, fo betweenthe fcale and the thread,that one foot turned
about may but juft touch the thread , the other refting on the
fines, and you will find the fine of the Azimuth fought.

E 5 ample. For the Latitude of Edinburg 55d. 56 m. Ifthe
Snn have 15 d. of Declination, his vertical Altitude or depref=
fion is 18 d. 14 m.the Declination being North,if his propofed
Altitude were 35 d. che Azimuth of the Sun would be 28 d. to
the South-wards of the Eaft or Wett.

Butif the Declination were as much South,and the Altitude
10 d. the #zimuth thereto would be 46 d. 55 m. to the South-
wards of the Eaft or Weft. :

The firft Operation alfo works a Proportion to witt.

Asthe Radius Is to the cotangent of the Latitode.

So is the cofine of the Altitude , To a fourth fine.

I fay this 4th fine beares fuch Proportion to the Radius as
the cofine of the Altitude doth to the tangent of the Latitude,
for the gth term of every dire& Proportion beares fuch Pro-
portion to the ficft terms thereof, as the Rectangle of the two
middle terms doth to the fquare of the firft term.

But as the re@angle of the co-tangent of the Latitude and of
the coine of the Altitude istothe fquare of the Radius, 505
the cofine of the Alritude is tothe tangent of the Latitude , or
which is all one, Sois the co-tangent of the Laticude | To the
fecant of the Altitude, as may be found by a common diviiion
of the re&angle , and fquare of the Radius by either ofthe
terms of the faid reftangle,by help of which notion firft found

. ont the particular fcales upon this quadrant.
All




Of the particwlar Scales, 283
All Proportions in fines and Tangents may be refolved by
the fine of go d. and the Tangent of 45 d.onthis quadrant if
what hath been now wrote, and the varying of Proportions be
undecltood, asinpage 7210 741t is delivered.
_ Becaufeche Projectioniis not fitted for finding the Azimuth
there are added two particular fcales to this quadrant,namely,
the particular fine in the limb,and the feale of eatranceabutting
on the fines ficted forthe Lacitade of London,

Lay the th:ead to the day of the moneth , and it fhewes the
Suns Declinationin the fcales proper thereto.

Then count the Declination 1n the Limbe laying the thread
thereto, and in the particular {ine, it fhewes the Suns Alitude
or Depreflion being Ealt or Weit,

To ﬁﬂd the Suns Azimuth.,

F Or North Deciinations take the diftance between the fines
of the vertical Altitude and given Altitude 5 but for South
" Declinations addc with your Cﬂmpifs the line of the given Al-
ticude to the fine of the vertical Alutude, enter the extent thas
found, at the Altitude in the fcale of entrance laying che thread
to the other foot according to neareft diftance,and in the equal
limb it fhewes the Azimuth fought from the Eaft or Welt , or
it may be found in the fines by laying the thread to cthatarchin
the limb that the Altitude in the fcale of entrance (tands againft
inthe fines; and entring the former extent paralelly between

the thread and the fines.

Example. So when the Sun hath 13 d. of Declination his
vertical Altitude or Depreffionis 16 d.42 m.Ifthe Declination
were North and his Alcicude 8d. 4t m. his Azimuth would be
10 d. to the North-wards ofthe Eaft or Welt. But if it were
South and his Altitude 12 d. 13 m. the Azimuth would be 40d
to the South-wards of the Eaft or \Velt,

By the fame particular fcales the hourmay be alfo found.

To find the timeof Sunrifing or [erving.
Alke the fine of the Declination, and enter it at the Declination inthe
Scale of entrance and it fhewes she time fought in the equal limse
from [ix, ; £ xan-
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Example, When the hath 1e d. of Declination the Afccnﬁanal:diﬁg{g,l

rence is 49 M. which added to, o fubftratted from fix {hewes the time of
1ifing and fetting,

Te find the bour of the day for Senth Declination,

cut, adde the Sinc of thac Ark to the Sine of the Declination, and enrer
that extent at the Declination in the Scale of entrance laying the chicad

|

I N taking the Alc.cude, mind what Ark inche particular Sine the thread

4
T
=

to the other foot according to nearelt diftance , and inthe equal limb ic i

fhewes the hour from fix. So ifthe Declination were 13 d. South and the
Suns Altitude 14 d. 38 m, the thread inthe particular Sine would cug
18 d. 49 m, and true ume of the day would be g in che morning or 3 inthe
morning: . .

To find the time of the day for Narth Declination.

H Aving obferved what Ark the cthread in taking the Alritude Imng over

in the Particular S .ne take the diftance berween the Sine of the faid
Arke, and the Sincof the Declination and entring that extent at the De=
clinacion in the Scale of eutrance the thread in the limbe (hewes the hour
from fix.

Example. 1fthe Suns Declination were23 d. 31 m, North, and his Al«
titude 39 d. the Ajch inche paiticular Stne would besy d. 32 m. and the
time of the day would be abour 3 quarters paft 3 in theafternoon or a quar-
ter paft 8 in the morning.

When the Altitude is more then the Latitude the thread will hang
over a Secant in the particular Scale, this happens noctill the Sun have
more then 13 d. of North Declinacion , in thus cafe take the difiance be-
tween the Sccant before the beginning ot the beale of entrance , andthe
Sine of the Declination at the end ot the lame and enter it asbetore,

gxample. The Suns declination being 23 d. 31 m. Nerth if his Alcicude
were 5§ d. 29 m. thethread in the parucular Scale would hang over che
Sccant of 18 d. 11 m, and the true time of the day would be a quarser paft
1o in the morning, or 3 quarters paft rintheafiernoon. The Proport.ons
heie ufed are exprefliedin Page 193,

The Stars hour isto be found by the proje&ion by re&@ifying the Bead to
¢he Sar and then proceed as in finding che Suns hour , afterwards the riue.
gime of the night is to be found as in page 32,

ER R A T A,
In the Treatife of the Horizontal quadrant,pag. 43 line 6 for the 3 Fanuary

i

vead 'he 3oth. Inthe Reflex Dialling pag, 5, addeto the laft lige thefe wordss

bs Kircher fheweth in his 4rs Anaclaflica,
FINILIS
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The Defcription

o e ) 5 B

HorizoNTAL QUADRANT;

Y 3¢ His Denomination 15 attributed to it becaufe it
=\ is derived fromthe Horizontal projettion inver-

A Of the Fore-fide.
. —:':gr-.

On the Tight edge is a Line of matural Sines, On the Jeft
edge a Line of Verfed-Sines. Both thele Lines iffue from ‘the
Center where they concurrc and makea right Angle, and be=
tween themand the Circular Lines in the Limb 15 the Pro-
je&ion included , which confifts of divers portions and Arkes

BfCiIClE!.
Of the parallels of Declination.

T Hefe are portions of Circles that crofle the quadranit otdi-
quely from the lefg edge , towar ds the right.

)
ﬁl

A 2




The Defcription of the:
To deferibe thems,:

Bferve that the lef edge of the quadrant 1s called the Meri- -

ridian Line 5 and that every Degree or Pérallel of the Suns.
Declination if continued about would croffe the Meridian in two
oppofite points , the one below the Center towards the Limbe ,
and the other-above , and beyond the Center of the quadrant
theditance between thefe two points is the Diameter of the faid
Parallel , and the Semidiameters would be the Cencer points.

It will be neceffary in the firlt place, to limicthe outward--
moft Paralle] of Declination 5 which may be done in the Meri-
dian Line at any point aflumed. |

The diltance of this affumed point from the Center inany La-
zicude, muft reprefent the Tangent of a compound Arke, made by,
adding halfe the greateft Meridian Altitude to 45 Deg. which for
Londexmult be the Tangent of 76 Degr, '

And to the Radius of this Tangent mult the following work be
firted..

Ia like manner, the Semidiametersof all 'other Parallels that
fall below the Center, are limited by pricking downe the Tan-
sents of Arkes,tramed by adding halfe the Meridian Altitude fuic-
able to each Declination continually to 45 Degr. -

Now tolimit the Semidiameters ahove or beyond the Centes
onely prick offthe relpetive Tangents of half the:Suns mid-night
Depreflion from the. Center the other way , retaming: the former:
Radius, by this meanesthere will be found two refpective points:
limiting the Diameters of each Parallel , which had, the Centers:
will be eafily found falling in the middle of each Diameter.

But to dee this Arithmerically , firft, find the Arke come
pounded of halfe the Suns meridian Altitude, and 45 Degr, as
before , and to the Tangent thereof , adde the Tangent of halfe
the Suns mid-night depreffion ; obferving that the Suns mid-night*
depreffion in ¥, , is equal to his Mendian, Altitude ingmoe,
his declination being alike in quantity, though in different Hemif-
pheres , the halfe fumme of thefe two Tangents are the refpective
Semidiameters - fought., and’ being pricke in the meridian line

either .



- Horizontal Quadyant, %
eicher way from the foxmer points limiting the Diameters, will:
find the Centers. _ :

Or without limiting thofe Points for the Diameters: firft,
getthe Difference between the Tangents of thofe Arkes that li-
mic them. on either fide | and the *halfe fumme above-faid , the
faid difference pricke from the Center of the quadrant in the me-
ridian line finds thereipective Centers of thofe Parallels, the faid
halfe fummes being the relpedtive Semidiameters wherewith they,
are to be deferibed,

Of the Line or Index: of sAltitudes,

™ His'is no otherthen a fingle pricke line (tanding next the

Meridian line y or, Jeft edge of the quadrant, to which the

Bead muft be continually reétificd, when cither the houre or
Azimuth is found by help of the projection.

To graduase it

K Dde halfe the Altitudes refpeGively whereto the Index isto.
*-be firred to 45 Degr, and prick downe the Tangents of thefe.
compound arkes from the Center.

Example..

To graduate the Index for 40 Degr. of Altitude, the halfe
thereof is 20, whichadded to 45 Degr, makes 65 Degr. which
 taken from a Tangent te the former Radius, and prickt from
the Center,gives the point where the Index is to be graduated withi
40 Degrees, ;

Hence it jsevident that where the divifions of the Index
begin marked (o) the diftance of that point from the Center
is-equal to the common Radius of the Tangents. Becaule
this quadrant (asall natural projedtions ) hath a reverted taile ;-
the graduations of the Index are continued above the Ho-
zontal point (o) towards the Center to 30 Degr, 4@’ as much
as isthe Sunnes greateft Vertical Altitude in this Latitude , and
the.graduations. of the Index are fet oftfrom the Center by prick-

A3 ing;,




4 The Defeription of the
ing downe the Tat:ig:nts of the arkes of difference between half
the propofed Altitude,and 45 Deg. thusto graduate 20 deg. of the
Index the halfe thereof is ro Degrees, which taken from 45
Degtecs , the refidue is 35 Degrees, the Tangenc chereof pricke
from the Center gives the point where the Index s to be gradua-

ted with 20D egrees,

Of the houre Circles.

T Hefe are knowne by the numbers fet to themby croffing
the Parallels of Declination, and by iffuing from the upper
patt of the quadrant towards the Limbe, B

To dﬂfcrﬁh thens.

L Et it be noted that they all meet in a pointin the Meridian
A~ Line below the Center of the quadrant : the diftance whereof
from the Center is equal to the Tangent of halfe the Complement
of the Latitude taken out of the common Radius,which at Lendon
will be the Tangent of 19 Deg. 14",

The former point which may be called the Pole-point, limits
their Semidiameters, to find the Centers prick off the Tangent
of the Latitude and through the termination raifea line Perpen=-
dicular to the Meridian line, the dittance from the Pole-point
being equal to the Secant of the Laticude, muft be made Radius.
And the Tangents of 15 Degrees, 30 Degrees &c. pricke off
on the former raifed line, gives the re{petive Centersof the houre
Circles, the diftances whereof from the Pole point are the Se-
midiameters wherewith thofe houre Circlez are to bedrawne,

Of the reverted Tail,

rI* His necds no Rule to defcribe it,b¢ing made by the continuing
of the parallels of Declination to the right edge of the qua-
drant and the houre Circles up to the Winter Tropick or parallel
of Declinatiori necrelt the Center, however the quanticy ot ic

may be knowne by fecting one foot of a paire of Compafes in the
Center




Horizontal ,?Mm#.' . 5
Center of the quadrant, and the other extend to 0o Degrees of
Aliitnde in the Index; an Arch with that extent fwept over the

drant as much as it cuts off willbe the Reverted Taile , and
o much would be the Radius,

Of 4 2uadrant made, of this Projellion sor inverted.

B Y what hath been faid it willbe evident to the judiciousthat
this inverfion is no other then the continance of thé extents
of one quarter of the Horizontal proje&tion.

Which otherwife could not with convenience be brought upon

a quadrant,
Heuce it may be obferved that. .

Having affigned the Radiss | 4 qundrant made 2‘ she Horizont 4§
Projellion without inverfion , toknow bow big 4
Radins #¢ will require whes inverted the
proportion will bold,

S the Radius, is to the diftance of the inter{e&ion of the

 EEquinoctial point with the Horizon from the Center equall

to the Radius ofcthe faid Proje@&ion whennot inverted, inany
common meafure,

Sois the Tangent of an Arke compounded of 45 Degrees , and
of half the Suns greateft Meridian Alritude,

To the diftance berween the Center and the our-ward Tropick
néxt the Limbe in the faid known meafure when inverted, whence
it followes chat between the Tropicks this proje@ion cannot be-
inverted 5 but the reverted taile will bebut {mall, and may be
drawne with convenience without inverfion, .

Of the O%rved Line and Sealss belonging to ir.
‘Eyond the middle of the Proje@ion ftands a Curved or bend--

ing Lire, numbred from the O or eypher both wayes, ene
way to 60 Degrees, but divided to 62 Degrees, the other way to

20 Degr., bur divided to0 23 Deg: 30', -
- The




é Todraw the Carve, '

The Invention of thisLine ownes:Mr. Bdry for the Auther
thereof 5 the Lfe of it being to find the houre ‘or Azimuth 1n that
particular laticude whereto it is fitted by the -extenfion ofa threed.
ovet it,and the lines belonging to 1t. | ad o E

The lines belonging to itare two, the one a Line of Altitudes,
and Declinations Aanding on thélefr cdge of the quadrant ; being
no other buta line of Sines continued both wayes, from the be-
ginning -one way to 62, Deguees  the,other waycra ag. De-
grees 307 2 : : SIE .

_The other line thereto belonging s 130 Deg.of a line of Verfed
Sines , which (tandsnext withoutthe Projection being parallel to
the left edge of the quadrant.

To.dravy the Curze.

D Raw two lines of Verfed Sines, it matters not whether of
the fame Radius orno, nor how pofited; provided they be
parallel, et €ach of them be numbred as a Sine both ways from
the middle at, (o). and fo cach of them wall containe two lines of
Sines, to the right end of the uppermott lec C ; to theleftend D,
and to the right end.of the undermoft fer A ,.and to the left
end B, . . . :
Firft , Note that there isa certaine poinit.in the,Cuiye where
the Graduations. will begin .bothyupwards and downwards , this
is called the Aquinoctial poing; to findit, lay a ruler from A to
the Complement of the Latitude counted from.(o) an the upper
Scale_towards D, and draw aline from A to.c, then count it

the other way towards C; wizi 38 Degrees, 28's. for, the,

Co-latitude of Londe , and lay a ruler overit, and the point B,
and where it interfects the line before drawin, igithe £quinottial
point t0 be graduated.

Then to graduatethe Divifion on eachfide of it,requires oncly
the making in effe& ofa Table of Meridian slutudes to every de-
atee of Declination ( which becaute the Curve will alfo fepve far
che A zimuth in which ‘cafe the graduatiz ns of the Curye,which in
finding thehoure were accounted Declinations muft be accouﬁegi

fl-




Todrawthe Corve. . - .
Alditudes ) muftbe continued to 62 Degreesfor this Latitude,,
and furcher allo if it be intended that the Curve fhall find a Stars
houre that hath more declination.

To make this Table,

G Erthe Summe and difference of the Complement of the Jati-
tude and of the Degrees intended to be graduated s and if the

fumme exceed go Degrees,take its complement to 180 degrees ir.-

{tead of it's being thus prepared the Curye will be readily made,

To graduate the uxder part of the Curve,

Account the {irmme in the upper line from O towardsD , and
fromthe point A in the under line draw a line to it.

Account the difference in the upperlfne when che deeree pro-
pofed tobe graduated is lefle then the complement. of the Lati-
wide from O towards C: but when'it'is more towards D, and
from the point Blay a Ruler over ic , ‘and where the Ruler inter-
{e&ts , the line formerly drawn is the poine where the degree pro-
pofed is to'be graduared.

Example.

Leticbe required to find the point where 60 deg. of the Curve
#5to be graduared,

Arke propofed 60 deg,
Co-latitude 38 : 28

; 98 : 28_n
Summe 31 132
Difterence - 21 32

Count 81 deg. 32”in the upper line from O towards D , and
. from the point A draw a line to it.

Count the difference 21 degrees 327 from © towards D 5 be=
<aufe the co-laticude is lefle then the arke propofed . and lay a
Ruler over it , and the poirt B, and where it incerfe@s the for-

B met




8% De Defeription of the

mer line isthe pointwhere 60 deg. of the Curve 1510 be gmh't?d'

on tee Jower fide, 2 0 . oo et s el =)
Awnother Example. .

Yzt it be propofed o graduate the fame‘way,

Thrarkeof Jodegr. | 3odegn i’
3

Co-latitudz 8= 28 %
Summs 68 = 238
Difference S: 28

Count 68 deg, 28 from O towards D, and from the point A.
dsaw a line to it. . Again in the faid upper line , count 8 deg. 28"
apwards from O towards C,& fromthe point Blaya ruler over it,.
& where ic inte{eéts the line lait deawn 15 the pDiLll: where 3od.
of th curye isto be graduated, To graduate the upper partofche.
curye requires no. other directions, the fame arkesferve, if the
account be but made the other way , and inaccounting the fumme
the ruler laid over B.in the lowerline inftead of A ;and in counting,
the difference over A, inftead of B , neither is there any Scheme
given hereof, the Practitioner need onely let theupper line be
the line of altitudes on the left edge ofthe quadrant continued out
to godeg. at cach end, and tothat end next the: Center fecC, .
and to theother end D. So likewife. let. thatend of the Verfed
Scale next theright edge of the quadrant be continued to 180 deg,
wheretofet A, and at the other end B, and then ifthefe directi-
onsbe obferyed , and the fame diftance and pofition of the lines
retained’, it will not be difficult to conftituce a Curvein all re-- -
fpe@s-agreeing with that on the fore-fide of the quadrant. -

O
D ¥ C

B

A

-
J



The deferiptionof the other -Scales.

“Of the honre awid eAzimuth Scale on the right cdge
' af rhe’ Q#ldrﬂr. '

His*Scale ftands outwardmoft on the right edge of the qua-

drant, and confifis of twolines, the one a linc of yo fines
made equal to the cofinc of the Latitude y namely, to the fine
of 38 deg. 28", and continued the other way 1040 deg. likea
Verfed fine.

The annexed line being the other parc of this Scale , isaline
of natural Tangents beginniug where the former fine began , the
Tangent of 38 deg. 28 'being made’equal to the fine of go deg,
this Tangent 1s continued each way with the (ine ; towards the
Limbe of the quadrant 1t fhould have been continued to 62 deg.
but that could not be without excurfion , wherefore it is broken
oftat 40 degrees, and the refiduc of it gmduatcd below , .and
next under the Veufed.fine belonging to the Curve that runnes
croffe the quadrant being continued bur to halfe the former
Radis.

Of the Almamack, . -

Ext below the formerline {randsthe Almanack ina regular
ob-long with moneths names graved on cach fide of it,

Below the Almanack (tands the quadrat 4 and thadowes -in
two Arkes of circles terminating againft 45 deg. of the Limbe,,
below them aline of 9o finesina Circle equal to 51 des, 32" of
the Limbe broken oft below the {treight line, and the reft con-
-tinued above it. :

Below thefe are put on in Citcles a line of Tangents to 60
degrees.

Allo a line of Secants to 60 deg. with a line of lefler fines end-
‘ing againft 30 deg. of the Limbe ( counted from the right edge )
.where the graduatisns of the Secant begins, :

Laft of all the equal Limbe,

Pricke with ‘the pricks of the quadrat, £

Abutting uponithe line of ines , and within the Proje&tion
ftands a portion of a fmall fine numbred with its Complements
beginning againlt 38 deg, 28’ of the line of fines , this Scale is

: 2 called
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10 “The Defeription of the Back-fide. g
called the Secale of entrance. Hpon the Projection are placed di--
vers Stars, how they are infcribed (ballbe afterwards fhewnes -

The delcription of the
Back-fide.

Put on in quarters or Quadrants of Circles. _[::

-

I THE equal Limbe divided into degreess asallo into

houres and halves , and the quarters pricke to ferve for:
1 No&urnal,

5 A'line of Equal parts,

2 A'linc of Superficies or Squares,

4 A line of Solids or' Cubes.

s\ A Tangent of 45 -degrees double divided to ferve fora -
Dy;ﬁin; Tangent , and a Semitangent for projections. -

6. The line Sol, 4/ias a line of Proportional Sines.

7 A Tangent of 51 degrees 32 through the whole Limbe,..

8 A line of Declinations for the Sun to 2 3 deg. 3 1%,

9

o

11 ¢ Foure quadrants with the daysof the Moneth,
bl i , '
13 ‘The Sunis true place,wich the Charecters of the 12 Seigne®.
14 The line of Segments,with a Chord before they begin.
15 The line of Metals and Equated bodics...
16 The line of Quadrature.
17 Theline of Infcribed bodies,
18 A line of 12 houres of Alcenfion with Stars names, Decli- -
nations,and Afcenfional differences,
Above all’ thefe a Table to know the Epa&t,and wha

' tday of the:
Wecke, the firft day of &Miarehhapnedupen 5, by Ilzu:im- :
sancinued to the Yeare 1700s. . WSS




. The Tfes of the Duadram,
A thefe between the Limbe and the (enter.

0 N the right edge a line of equal parts from the Center deci-
‘mally {ub-divided, being a linc of 10 inches; alfoa Dyalling

g Tangent or Scale of 6 houres,the whole length of the quadrant not

iffuing from the Center, .
On the left edge a Tangent of 6o deg. 26/ from the Center. E'
Alfo a Scale of Latitudes fitted to the former Scale of houres il

not iffuing fromthe Centeryand below ita fmall Chord.

The Ufes of the Quadyans. e
Lerds- | 1697 | €3 s 74 ® | 8 ] 9t | 96 |anne ;.:_
day 35 1 26 3 | 4 It | 6 lpalE W
Mon- | 8 C 68 | 7% 8o | 8¢ ) | 97 |amne : e
day é 7 14 ’ 9 o R | 17 |epact il |
Tuef- | 59 7647 |90 | & | 81| 87 | 92 [ 98 ammo i g
day 17 12 18 26 | .26 22 | 28 lepalf i
ety | p— \ _""._""'—'" ‘ .'u.-
Wed - g 65 71 76 8z | ¥ | 93 99 iuﬂw HE S
nefday 23 29 2§ I 3 | 9 lepalt e 8
- Thuwrf- | 6o 66 ] ' 77 83 | 88 | 94 i iﬂ.???fﬂ ';;;1{,}- Py
day | 28 | & eitg2 | og . 14 epaii il g
Fri- 61 &7 | 73 78 Q 89 9§ 700 'anno Lz%
day | o foas ( 11 | 17 ‘ 18 25 | 20 'k g
Somr- | 62 | B | 73 | 99 $4 /|90 R | 701 lavmo ab il
day 10 | 32 | 28 | 23 | 20! | 5 lepagt

nde

B i e



1% Of the Ufe of 1he Ouadrant,
Dayes the {fame as the firft of March.
March | 8 8 ‘”:'; [ 22 ‘ 29 | November
I A#g#ff 2 9 16 | 23 30 Aa{gﬁlﬂ'
il May 3 310} 17| 24 | 3" Fuscary

—— e

ﬂ&ﬂi‘ﬂ‘ 4. 1% 18 25 o | Ottober

| R

April s 1» 12 19 26 00 }x{;

Septew.|” 6 | 13 | 20 l 17 { 00 | December

Fune \ 7 | 14 { 21 \ 28 | oo |February
Perpetudl Almanack.

Of the Ufes of the Praj.f&fan.

Efore this Proje&ion can be ufed, the Suns declination 15 re=

quired,& by confequence the day of the moneth for the ready
finding thereof there is repeated the {ame rable that (tands on the
Back-fide of this quadrant in each ruleddpace,the uppermoft figure
fignifies the yeare of the Lord , and the column it is placed in
{lheweth upon what day of the ‘Weeke the firlk day of March
‘hapned upon in that yearc, and the undermoft figure in the faid
ruled fpace fhewech what was the Epact forthar yeareand this
continned to the yeare 1701 inclufive, |

.' | Example,

Looking for the yeare 1660 I find the figure 6o (fanding in
T hur [day. Column, whence T may conclude that the: firlt day of
March that yeare will be Thurfday , ‘and under it ‘Rands 28-for
the Epaét that yeare. : : |

Of the Almanack,

H Aving as before found what day of the Weeke the firlt day
AR of Mareh hapned upongrepaire to the Moneth youare in
and thofe figures that (and againft it (hewes you what dayes of
the (aid moneth the Weeke day (hallbe, the fameas it was the At
day of March,



- Of the Epall. £3
Example For the yeare 1660 ,having found that the firft day of
March hapned upon a Tharfday,Jooks into the colomn agaiaft
June , and February 5 you will itnd that the7th, 1 4thy 21th and
33th dayes of thofe Moneths'were 7hsr[dayes, whence it mghe
be concluded if need ‘were that the quatter day orz4th day of
Fune that yeare hapneth on the Lords day-

Of the Epail.

He Epaét is 2 number carried on in account from yeare to

- yeare towards a new change, and is 11 dayes, and fome

odde time befides, caufed by reafon of the Meons motion, which

changéth 12 times in a yeare Sokar 5 and runnes al{o this r1'dayes

mpre towards a new change , the ufe of it ferves tofind the
Moones age, and chereby the time of high Water,

To knew the Moons age.

“Dde to‘the day ofthe Moneth the Epait,and fo many days

‘A more , asare moneths from ¢Warch to the moneth youare

in, including both moneths , the fumme (if leffe then 30) isthe

Moones age , if more, fubtra&t 30, and the refidue in the Moons
age ( prope vernm. )

- g TR - i P el ¥ do a omad e SR =
S T S e D i —— — ——

Example,

g
-1 |
‘?
¥
1%

.:"E
i

The Epaét for the year 1658'1s 6,and let it be required to know
the Moons age the 28 of ##/y, being the fift moneth from Adareh. -
both inclufive G-

28
‘The fumme of thefe three numbersis- 39
%Wlenc: rejeing 30,the remainder is g for the Moons age
ought, :
The former Rule ferves when the Moneth hath 31 dayes, but
if the Monech hath but 30 Dayes or leffe, rake away but 29 and
the refidue is her agee:

B -:a._.__\,,“_..{é“;g,_-’ -:_
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14 Of the Epalt. |
“To findthe time of the Moones comming to Sonth,

M Ultiply the Moones age by 4, and divide by 5, the quotient

- (hewes it , every Unic chat remaines isin value twelve mi-
nutes of time , and becaufe when the Moon 1s at the full,or 1 g
dayes, old [hee comes to South at the houre of 12 at midnight,,
for cafe in multiplication and Divifion whenher age exceedes 15
dayes rcjeét 1 5 fromir, '

Example,

So when the Moon is 8 dayes old, fhe comes toSouthat 24
minutes paftfix of the clock , which being knowne; her rifing or
{etting may be rudely gueffed atto be fix houres more or lefle be-
fore her being South , and her fetting as much after , but in regard
of the varying of her declination no general certaine rulefor the
memery can be given.

Here it inay be noted that the firft 1 5 dayes of the Moonesage
fhe commeth to the Meridian after the Sun,being to the Ealt=
ward of him , and the later 15 dayes, (he comesto the Meridian
before the Sun,being to the Weltward of him.

To find the time of Jﬁ{gb Water,
*I‘ O the time of the Moones comming to South,adde the time

of high water on the change day,proper to the place to which
the qutﬂfan is fuited the fumme (hewes the time kai]:, waters



F

To find the time of bigh water. - g
Moones Moon Tide = -
age _ South Losdon.
For .E-t‘dm?fﬁ There is Dayer. Ha. mi* | Ho, : M:
added in a Table of the time c: Ig, :: _3 3 Dg
of high Water at Lozdon , - e 46 38 46'
which any one may calt np : I%ilri P~ i L4 % i
by memory accordingto thefe “Siie ]4 g 14
Rules, it is to be noted, thae |F_19 3 i 25
Spring Tidesy high winds,and ,) 5+ 3914 ¢ 7800
the ﬁﬂﬂ“ in _her quarters 6 21|4 :1.48]7 : 48
caufes fome variationfromthe |7 32|5 ¢ 36(8 : 36
time here exprefled. 8 2316 24(90 : 24
19°-2417 211220, HiTa
1o 258 : ool1l ¢ oo,
11 26 |8 - 48|11 ¢ 48
12,279 ¢ 36j12 ¢ 36
13 28|10 : 24f1 : 24
F AT A S

This Rule may in fome meafure fatisfie andferve for vulgar
ufe for fuch as have occafion to go by water,and but that there was
E.ia“ roome to grave on the Epaéts nothing at all fhould have been..

d thereof, .

A Table {hewing the houresand
Minutes to be added to the time of the Moons comming go
South for the places following being the time of high

Water onthe change day, .

Quinborgugh, Sinthampten , Portsmonuth, Ifle of wight,
Beachie , the Spits 5 Kentifh Knocke 5 half tide at
Pankirke.

Richefter y Manlden o s Aberdeen. Redban, et end of :

the Nowre, Blackztaile.

Gravefendy Downes, ‘Rym:ey 5 Silty half tide 3 Blacks

nef3y Rgmikins, Sénihead, .
..

H, .

00 : 0d

00% 455

4 L.-I - ; g._ﬂl
Dixndep. .
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“Dypdee, St, MAndrewes, Lixborne, St. Lucas , Bel Ifle,

16 A Table freviing the Hattres and Min: &rc.

Holy Ifle.

e - — P, T ———
London, T inmsonth; Hartlepoole ;1¥hithy o Amfterdans,
Gafeoigne, Brittaine, Galizia.

Barwick_, F ;'éméarmg!; head, Bﬁdﬁ#gﬁ# bay , Oftend,
Flufhing, Bonrdeanx, Fountnefle,

Scarborongh guarter tide ; Lawrenas 3 CMonntsbay ;|

Segierne, Kr'ﬂg f ale, C urk&-hdwfﬂ s Baltawmoor , Dun-
garvag, Calice, Creeke, Bloy [even Ifles. :

’ ;zfm,ag:f;, Fo ¥s H;;é: CMoonles , New- cnﬂ!e 3
Dartmonthy Torbay, (Caldy Garnefey, St« Mallowes,
Abrowrarh, Lizard.

e — e Tl —

Plymowth, Weymosith, Hull y Lin y Lundy , e Antwerpe
Holmes afﬁrg?m’ o St Davsds bead s Concalo, Saint
Malo, .

B

=

Briﬂ#;’, j‘am’nés .q:rrfba: Start. |

CMilford, Bridg-water, Exwar;r 5 imsd.r end , Wager-
ford; Cape cleery, Abermorick: Texel,

f"’arn’;ma', Peierperpont y H, #?’ﬁ.‘."w , Hague, St, Ma
gnus | Sonud, Dublin, Lambay, Mackwels Caftle. |

I.’_,-:a!:?., S. Heleny, Man Ifle, [ atnes, f;jr{ne}r,?ﬁr: !ﬂu}

Durbar, Kildien, Baffe Iflandsythe Cafguers, Deepe
at halfe tide,

T e —

: L : 9
Needles, Qxfardy Layfto, South and Naysh Fore=lands, Lﬂ

Yarmonth, Dwé: j—.fpfrw!cb, in'the fmfj .H#."Jm:“}ﬂmrl .

fohn de luce, Calice road.

Rye, W:‘nrhe!ﬁa,&wmd,éa‘wrs mouth of Thames,Faire
Afle Rhodes.

To

> k5

2
3 2 oo
3t ys
4 't 30
§ 1S
6 : oo
Y 45
y ki |
8 & 15
: 45
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The nfes of the Dundrant,

IN Otrderhereto, firlly find out the Prime Number divide the

'yéare of the Lord by 19 ¢h¢ tefidue after the Divifiot'is finifly-

ed bein 'uugméhttﬂb an Uit 18 the Primelought ; andif no-

:Eﬁ%g"fgmaiﬁt i g ke no s St i
: To findthe Epas.

M-ulbip_lg the. Prime by 11, the produék is the Epaét fought if
L lefle.chert’ 30, but ig it be more, the refidie of the Produd
_diyided by 30 is:the Epalt fousht , there mote thaf the Prime
changeth the firlt of Jamary and the Epait the furlk of < arch.

Otherwife.’

Having once obtained the ‘Epall ‘adde¥rio it tive Stinme if
lefle then 30 is the Epaét for the next yeare if moré'véje 30, ard
the refidue is the Epaéf fought,

Cantion.
. When ithe (Epaét is found 1o beag forany yeare, the next
yease folléwing icwill.be 14 andfnot 10, as theRule :wolld
}hggﬂﬁ.'-',u_ i3 Y noxiiod ads nr s aif3 500 G LG

. .‘:[ Tdéfﬁ -ﬂ_f‘,rf:fln'l .Epﬂ&g 5‘3;:?;:";;;6#_% to r.{'.;a: reff palﬂr'wa Primes:

fn! 243 14 |56 191849 |0 Ml-m Ig-l4llgi1617\t3
Ep'n 223 |14[25(6 |17]2819 |:0|1 llz 33|4 |I5[26]|7

The Prime number called 'the’Golden Number, is the number
of 19 years in which fpace the Moon: makes all variety of her
changes,as 1fifhe change'ona ¢ertain day of the month ona certain
yeare fhe (hall not change the fame day of the monctk again till
19 yearesafter : ‘and then'it doth ot happen upon the“fame hoyre
oftheé day , yer che difference doth ot carife owe dayes ‘variation
11300 yeares, ‘asiis obferved by Mr. Philips, =
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18 The nfes of the Luadrant.
The Vfes of the: Quadrant.

W Tthout re&ifying the Bead nothing can be performed by this
I’mjc&iun,:xc:[pt finding the Suns Meridian Alticude being
fhewn upon the Index, by the interfection of the Parallel of de-
clination therewith, ;

Alfothe timewhen the Sun will be due Eaft.or Wet.

T Race the Parallel of Declination tothe righe edge of the Pro-.
je@ion, and the houre it there interf ots (in moft cafes to
bedyly eftimated ) fhewes the time foughe, thus when the Sun
hath 31 deg, of North declination,we fhall find that he will be due
Ealt or Weft , about three quarters ofan houre pait 4 in the after~
100, or a quarter palt 7 in the morning. The declination is to be
found onthe Back-fide of the quadrant by laying the thread over
the day. of the moneth.

Te rettifie the Bead,

Lhy the thread upon the graduated Index, and fet the Bead to
A the obferved or given Altitude, and when the Alcitude is
nothing or when the Sun is in the Horizon fet the Bead to the
Cypher on the graduated Index, which afterwards being carried
without (tretching to the parallel of Declination the threed in the
Limbe fhewes the Amplicude or Azimuth ,and the Beadamongft
the houres (hewes:the true time of the day.

Example.

| Upon the-24th of April the Suns declination will be found to
16 deg, North.

Now to find hisAmplitude and the time of his rifing,laying the
threed over the graduated Index,fet the Bead to the beginning of
the graduations of the Index , and bring it without ftretching to
ghe parallel of declination above being 16 d, and the ﬂutc-dil} ﬂl::

1w



The sfes of the Projeltion. fo
“1imbe will lyeover 26 deg. 187forthe Suns Amplitude or Coalt
of rifing to the Nurthwarf ofthe Eaft , and the Bead amongfi the
houresfheweth :24 minutes palt 4 for the time of Sun rifing,
Which doubled givesthelength of the night 8 houres 49 min,
In like manner the time of fetting doubled gives the length of

the.day.

Thefame to find the bonre and aAzimuth let the given
eAltitnde be 4% degrees,

H.Aviﬁg reéificd the Bead tothe faid Altitude on the Index

and breught it to the interfect , the parallel of declination the
thread lyes over go degrees 487,

For the Suns A zimuth fromn the South.
And the Bead among the houies/hewes the time of the day

to be 4t minutes paft 9 in the morning, or 19 minutes paft two in
che afternoon,

Another Example wherein the operation will by upon
the Reverted taile.

Let the altitnde be 3 deg. 30
Andthe declination 16 deg. North as before,

T O know when to retify the Bead to the upper or neather
Altitude will be no matter of difficulty, forifthe Bead being
fet ro the neather Altitude will not meet with ‘the paralle] of de=
clination, then fet it to the upper Altitude, and ic will mect with
W interparallel of Iike declination,which in this cafe fupplyes the
turn,

Soin this Example , the Bead being fet to the upper Altitude of
3 deg. 30" and carried to the Winter parallel of declinacion.

The thread in the Limbe will fallupon 68 deg.2 8 for the Suns
Azimuth from the North, and the Bead among the houres fhewes
the time of the day to be either § in the morning or 7 at night.
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Asnother Example,

Admitthe Sun have 20 degr, of North Declination (asabouc
the 9th of Aday ) and his obferved alticude were §6 deg. 20" ha-
ving




20 Thewfesof the ‘Frn].f&m& [

ying recified the Bead theréto, aiid brought atco inteHelt g
naralltlof 20 deg, among the houres't (hewes the fime of che
tobe 1y in the torning ot 1 in the afternoon 3 and the Akimuthi
of the Sun to be 36deg, fromthe Sonthi vz L. o (L0 #

The ‘Uf s of the Pm]ﬁéfzaﬂ. s

"Ofind the Suns AIutudc on allhnures or Azimuths willbe.

but the'Converfe of what is aleeady faid thﬁffﬂft 011'3 ﬁﬂ-
ample fhall ferye.

When the Sun bath 45 deg, Ff A z.rmﬂrbfrﬂ?l#-fﬁf &ﬂ#’t&ﬁ
And bis Declination 13 degs Northwardss | o .

Lay the threed oyer 45 deg. in .che Limbe, aqdfffhaﬂ the
Lhrccd interfects the Pamllcl of Declination ':'l'lEI'EtD remova - the
Bead which carried to the Index without fretching , fhewes 43
deg. 50 for the Altitude fought.

leewﬂc to the fame. Dtchnatmn if it wcn: rt:qulrcd to find
the Suns Aleitude for the houres of 2 or 10,

Lay the threed over the interfeétion ofthe hnurfprn:ptﬁfcﬂ with
the parallel of Decliiation, and thereto fet the bead which carrltd
to the Index fhewes the A!mude fought namely 44 deg, 3T

The fam='Aliizude alfo belongs to thatAzlmuth rthf: Ihrtg{m the
former Polition lay over 1n the lebe :

This Projection is of worlt,performance :arg in r.'hc mnrmrﬁ
or late in the cvemng about which ume Mr. .lﬂ::Curvtus
 belt performaiice w hereto we how addrefle our ﬁ:lves. T

'Of the mrzﬁéd !im* and Smﬁe': rﬁg;m'ﬂ ﬁmd. ';I X _

’I‘ his as we have fid bafare Was t'hc mgempus in*rtnhan 'DFM :

Michacl Dary dexived from -the!propertionalty-of two. like

equiangled plain Triangles accommedated to the latitude of Lﬂﬂ*
donyfor the ready wurkmg ofchefotwe Pmpurtmns,

> 4
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The WUfes of the Projeikion.. e
1 For the Houre,

oA the Cofim of the Latitude, is to the [ecant of the Declination,
So is thedifference bevrvzen the fine of the S us propofed and Me-
redian Altitsde,

Yo the verfed fine of the houre from noone , and the converfe,
and {05 the fine of the Suns Meridian Altitude , to the verfed fine
of the femidiurnal Arke.

2 Forthe Azimuth..

The Curve is ficted to find it from the South and not from the
North, and the Proportion wrought upon it will be,

As the cofine of the Latitude ,is to the Secant of the Altitudé. .
So is the difterence of the verfed fines of the Suns ( or Stars ) di-
ftance from the eleyated Pole, and of the fumme of the Com-
plements both of the Lartitude and Altitude , to the verfed fine of
the Azimuth from the noon Mendian,

‘Which will .not hold backwaid to find the Al¢itude on all
Azimuths, becaufe the altitude 1s a term invelved 5 both inthe fe-
cond and third termes of the former proportion.

If the third terme of the former Proportion had not been a dif--
ference of Sines , or Veufcd fines , the Cuived line would haye
beena i raight-liney and the third term always counted from one
point ,, which though in the ufe st may feem o be {o here yet in
efiedt the third texm for the houre is always counted from the Me--
ridian altitude, '

Here obferve that the threed lying ever 12 ortheend of the.
Veerfed Scale , and over the Suns meidian altitude in the line of.
altitudes , it will alfo upon the curve fhew the Suns declination 5
- which by confiruction isfo tramed that if the diftance fromthat
point to the meridian altitude, be made the cofine of Latitude.the
diftance of the faid point from the end of the verfed Scale numbred
with 12 fhal] be the fecant of the declination to ihe fame Radiys,
being both iy one fira;ght-line by the former conflitution of the
threed 5 and inftead of the threed you may imagine a line drawn

ever the quadraar, then by placing the threed as hereafter direGed.
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13 ¥ he ufes of the Crrves

it will with this line & the ficred fcales conftitute two equiangled!

plaine triangles,upon which bafis the w{nulﬁ: wnr_!c is buile, |
Inthe three firt Proportions. following relating to time , the

Alritude 1mutt alwayes be counted upwardsfrom O in the line'of

Altitude, and the Declination in.the Curye upwards in Summers,

downwards in Winter.

v To find the time of the Suns vifing and [etting
by the Curves.

w E have before intimated thatthe funs Declination is tobe
found onthe back of the quadrant , having found it lay one:
pact of the thread over o deg, in the Line of Altitude , and ex~
tending it, lay the other part-of it over the Suns Declination.
counted from O in the Cuive 5 and the thread upon the Verfed!
{cale fhewesthe time of Suhsrifing and fettigg , which being as.
‘much from fix towards noon in Winter as towards mid-nigh:
in Summer, the quantity of Declination fuppofed alike both wayes.
en ¢ach fide the Equino@tialythe thread may be layd either way
from O in the Curve to the Decliration,. , '

. Example, , Aol (g
When thieSun hath 2e deg. of Declination , the thrt:ad'bein%_
faid over 20 deg. in the Curye and’ O in'the Alcitude on the Jef
edge thewes that che Supn ik 3 houre 497 biert fix in'the. Sammer:
and 5 ‘s mich ¥, fi it che Wineer. & i in 1S

2 The Altitnde and Declination of the Sun being given:
tg find the f:mrr of the day. g

‘Ountthe Altitude front O'in the Scale of Altitudes towards.
the Center; and-thereto Jay the thread , then'count the Decli-
s siation fromt© i the Curve,if North upwardstowards the Center,
“if South downwatrds towards the Limbe.. o
" iAdd Jay the thread extended over it,and’in the Verfed Seale'je
fii wesithe Cime of the day Youghtis: 21142 Bl At BER €80

| Example:



The ufes of the Cnywe,
Example,

‘The Altitude being 24 d. 46/ and the Declination 30 d:Norih
~counting thatupwards in the Scale of Alutudes,and this upward
in the curve,and extending the throigh thread, it will interfe& che
Verfed Scale at 7 and 5, fhewing the houre ‘to be cicher 71n the
morning,or § inthe afternoon,

eAnother Example for finding when twiiight begins.

Let the Suns Declination be 13 deg. Noxth, the Depreflion
{uppofed 18 degr, under the Horizen,

In ftead of the cafe propounded, fuppofe the Sunto haye 13
deg. of South Declination , and Altitude 18 deg. above the Ho-
rizon accordingly extending the thread through 18 in the Alcie
tudes counted upward from Q in the line of Altitudes and through
13 deg, counted downward in the Curve from O, and upon the
Verfed Scale , the thread will (hew that the Twilighe begins at
28 minutes paft 2 in the morning, and at 32 min, palt g at night,

3 The Converfe of the laft Propofition is te find the Suxs
alitsdes on all houres,

E'Ktcnd the thread over the houre propofed in the verfed Scale
“~ and alfo over the Declination in the Curve-counted upward if
Northydownward if South.

And in the Scale of Altitudes ic fhewes the Alcitude ought,
- £ xample,

If the Sun have 13 deg. of North Declination his Alcicude for
the houre of 7 in the morning,or 5 in the after-noon will be found
tobe 19 deg. 27',

In the following Propofitions the altitude muft alwayes be
counted from O in theCurve downwards, and the Declination
in the dine ofaltitudes , ¥ North downward,, if Southupwards,
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24 The #ﬂ'.rdfl‘ﬁdw.
4 To find the Suns Amplitndeor coaft of rifing and [etting.
Example..

1€ the Sun kad 20-deg, of Declination the thread being feid to-
O in the Qurye , and to20 inthe line of alritudes -or Declinas
tions , either upwards or downwards the thread will lye 33 -deg.
21’ from go in the Verfed Scale ,.for the quantity of the Suns
Coalt ofrifing ot fetting from che tiue Ealt or Weftan Winter.
Southward,in Summer Norhwa rds

s The Swas altitnde and Declimation being propofed .
to find bis eAzimuth.

€=Junt the alitude from ‘Q:in the Curve dewnward;and the de-
~ clinationin the Wiatee upon the line of ‘Declinations from
© upwards, in Summer downwards, and ‘the thread exterided
{heweth the Azimach foughty “on the Verfed Scale.

Example,

Sowhen the Sun Hath 18 deg- 37" of North Decliharfdn, as.

asabout 19 Fuly, if hisaltitude Were 39 deg, the Suns Azimuth.
would be found to be 69 deg, from the Seuth,.

6 The Converfedfthe former ‘I’r#faﬁffﬁa will'be to find the
Suns Altitude on all Azimuths.

He Inftrument will perform- this Propofition thoughthe Por- -
portion for finding the Aziruth cannot be inverted.
Lay the thread to the azimuth in the Verfed Scale , and tothe
Declinationin the Scale on “the left ‘edge , 'and tpon the Curve it
will incerfeét the alticude fought. | 3

Example, -
Hche Son bad 16 deg. 13”7 of South Declimtion, as aboutthe
zﬁ_h of Ofkober , if his Azimmith were 39-deg. from the ‘South the |
* akitnde agrecable theretowould be found tobe 14deg, !
| Thele.



General Proportions, 2§

Thefe Ufes being underftood j if the houre and africude or
the azimuth and altitude were given' to find the Declination 5 the
manner of performance cannort lurke,

Ofthe Hloure and Azimuth Seale on the right
Edge of the Quadrant,
T His. Scale being added by my. felfe , and derived from Pro-

portions in the Analemma 5 I fhall At lay them down, and
then apply them,

3 |
N/V;
QRN .
SJ"
E
Al
o s B
I T

In the former Scheme draw F C 'V the Horizon, Z C the
Axis of the Horizon , C P the axis of the Spheare G C continued
to N the Equator, O La parallel of North, and E I'a parallel
of South Declination, W X'a parallel of winter altitude, ST.
a parallel of alcitude leffe then the Complement of the latitude,

‘Z P a parallel of greater altitude , and from the pointsE and B.
let fall the perpendiculars E Fand BH, and from the points B
G and'N let fall the perpendiculars BG, G M, and N O which
will be the fines of the Suns declination, by this meanes there
will be divers right lined right angled plaine’ Triangles confti-

-3 tuted
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26 General Proportionss. -
tuted -from: whence are educed, the Proportions following-to:
Calculate che Suns houre or Azimuth.

Note, firlt, that T V is the Verfed fine ofthe S:midiurnal_
arke in Summer , and E Tin Winter, and 'Y V the fine of the
houre of rifing before fix in Summer,cqual to the dilfance of I from
thie Axis continued in Wincerswhich may be found in theTriangles
C Y 'V, but the Proportion 1s+

As the Corangent of thelatitude, To Radius.

So the Tangene of the Suns Declination,
To the fine of his afcentional difference,being the time ofhis rifing.
from (ix, thus we may attaine the Semidiurnalarke,

Then forthe houre in the Triangle B H T icholds.

As the Cofine of the latitudz 5 to the fine of the altitude, .

So s the Szcant of the Declination.

To the differcnce of the Verfed fincs of the Semidiurnals arke, .

and of the hourefought,

In the Triangle B H I'ic leys, |

As the Cofine of the Latitude the fine of the angle at I,

Toits oppofite fide B H the fine of the altitude, .

So is the Radius-or the angleat H.

To B I.h difference of the- Vierfed fine of the Semidiurnal arke ,.,
and, of the hourc fought, in the parallel of declination and by
confequence 5 fo 1s the {ecant of the Declination , to thefaid :
difference in the Common Radius.as we have elfe where noted,. .
if this diffcrence be fubtra&edifrom the Verfed (ine of the {emi-
diuenal arke there will remaine E B the verfed fine of the houre |
frommnoon 5 the like holds , if perpendiculars be et fall from an
other parallel of Declination,from the fame Scheme. ic alfo fol--
lowes, .

As the Cofine of the Latitude;.. .

Is to the {ecant of the Declination...
So is the fine of the Meridian Adtitude.
To the verfed (ine of the femidiurnalarke.
Here abferve the like Proportion between the two latter terms , as
bersween.the two former which may be of ufe.ona Sactor, .

1f



- Generall Proportions, 27

Ifthe Scheme be confidered not as fitted to-a. peculiar que-
flion for Anding thethoure ; but-ashaving three (ides to find an
angle , it wi'l be. found .upon fich a confideration  in relation to
the change of fides, that the Proportion for the Azimuth follow-
ing is no other then the fame Proportion -applyed , to ether fides
of the Triangle,and fo we need have no other trouble to come by
a Proportion for the Azimuch, buticalfofollowes from the fame

Scheme, . -.

In the Trianglés C D Aand CK G, and C Z N the fix(t ope-
ration will be to. find AD ;. .and G Xy and N R in. all which
the Proportion will hold,

As the Radiusto the Tangent of the Lacitude, -

Or as the Cotangent of the, Latiude to/Raduws.:

So is the Tangent of the Altitude , to the faid refpective quan-~
cities s which: when <he Altitude s leffe then the Complement
of the Latitude , are the fins of the Suns- Azimuth from the Ver-
rical belonging to the propofcd Alcitudes when the Sun -1s.n the

Equino&ial , .or hath no declinatien; .

The next proportion will be. .

Asthe Cofineof the Latitude, Ts to the Secant of the Alutude: -

S0 is the Sine of the dechination.

To the difference fought being a 4 Propostional,

Heéreby we may find A B in the Winter Ttiangle A G B whiek
«ddedto A D, the fumme ‘isthe fine of ‘the Azimuth from the
Vertical confequently W'B, isthe Verfed fine of the Azimuth 5
from the noon Meridian.

Alfo we find G Lin the Summer triangle LM G, ‘whenthe
Alticade is leffe then the: Complement of the Latitude-y which
added o S G the fumme: S Liis che Verled fine. of - the Azimuth
from the South. ;

Likewife we may find N Rin theT riangleR O N, and by
fubtralting 1 fromIN Zy there will remiine R Z | and conic-

quently Q_Rethe verled fine of the Azimuth fromthe Ieridian in: -

Sumener when the Aliitdde is greater then the Cozketitude

And for Stars that come tothe Meridian betweentheZenith 5 -

and the Elevated Pole , we may find D¢ 5 in the Triangle N ad

3. where <




28 The ufes of the Honres., and Lzimuth Scal,

whare it holds 5 as the Gne of the Angle av Nty thecompleraent
of the' Latitude'y to its c—pgmﬁcc fides ¢ d, the: pricke line, che
(ine of the Declimation = {0 is the RadiustoNec, the paratlel
of alcitude the Azimuth fought,

The laceer Proportion: lyes fo evident, it need nat- be (poken
to, if what was faid' before for the houre le regarded., andithe
former Proportion lyes,

As the Cofine of the Lacitude , the fine of the Angle ar As

To its Oppofite fide D Cythefineiof the alticudes

So isthe fine of the Latitude, the angle ac C,

To its oppofite fide A D in the parallel of alcitude.. -

And in [E;ead of the Cofine, and fine‘of the Laticude.

W e may take the Radius,, and the Tangent o2 kitiend©

o Another Am!agp will be: requived to reducerittoshe
common R adius.

As the Cofine of the Alticudeto Radius.

So the fourth before found ina parallel,

To the like quantity tothe Common Radius,

Thefe Analogies or Proportions being reduced into one, b
multiplpingthe termes of each Proportion, and: thenfreed:from
needlefle affe¢tion will produce the Propertion ac fickt deli-
yereds

The Tfes of the (aid Scale.

W E'have before noted, thag' if two termes of a Preportien
¥¥ be fixed's and nacuralldines thereto fitted of an equal length,
that if any'third’ term be fought in theformer line, the fourth
term will be found inthe other lineby infpetions, as ftanding
againlt the third.

So here , inthis Scale which confifts.ofitwolines,,  the onean
annexed Tangent, the other adine of Sincs continued beth:Wayes,
the Radiusof the Sines ‘being firlt fitcreds,. the Tangene annexed
muft-be ‘of fuch a Radius, as thav38 deg. 287, oficmay be
equallinlength to the Radius of the Sineto whichitisadjoyned,

| and



and then lookingfor the Declination in the Tangent jult againit
it flands the time of rifing,from fix or afcentional differenceyor the
Semidinrnal arke, if the fame be_ accounted from the other end
asa Verfed Sine,

So if the Suns Altitude begiven 5 and accounted in the Tan-
gent , jult againft it fands the Suns Azimuth, whenhe is in the
Equino&ial wpon the like alitudey ‘and chus the point N will be
found dn>the Tandent at theialtitude, “Wheaitismorcthenths
Eﬂh{iﬂldf; :

n. An Exumple for finding the time of the Swn rifing.

Teehe Declination be 13 des; Jooke forit in'theannexed Tane-

gent , and jult again(titin the houre Scale fands 16 deg, 53"
the afcentional difference in time Y ‘houre 7 3, (héwing that
the Sun rifeth fo much before 5 and fetteth fo much after 6 in
Summer , and in Winterrifeth fo much after, and fettethbefore
6, for thisarke may be'found oh ‘cither'fide of ix where the de-
clinasionbeginscach'way,

3 To find the time of the day

Topertormthis Propofition wee divide the other Proposties |

into two, by ntreducing the Radius in'the Middle.
Asthe Radinsis'ta the'Secant of the Declination,
Soisthe fine 6f'the altitude toa fourth..

A oA gain,

Asthe Cofine ofthe Latitude to Radius,
So the fourth before found., '

To “the diffirente ofthe Verfed Sines of the Semidiurnal arke, .

and of the houre fought.

The former of thefeProportions muft be wrought upon the qua- -
drant, the latter is removed by fitting the Raduus of the Sinies that .

givesthe anfwer, equal in length to che Cofine of the latitude, .
Wh_crcfnr: to.‘ﬁnf_i thecime of theday , Jayhe thread to the

&qmmfthedeclmaum in cthe imoe, aud from.the fine of the

altitude take the nearelt ditancero it and becaulc the Secant i5

made
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30 The nfes of the Houre | and Azimmh Scale.

made , but to halfethe Common Radius, et downeone foot of
this extent at the Declination inthe annexed Tangent ji'and enter
the faid extent twice forward , aad it will fhew the time of the

Day,

Example,

L=t the ‘Declination be fuppofed 23.deg. 31" North | and the
Alticude 38 deg. 59’ the nearelt .diflance from she $ine thereof ,
to the thread laid over the Secant of 32 deg. 31" will reach being
turned twice over from 32 d. 31" in the annexed Tangent neerelt
the Center to 33 deg. 45’ in the Sines, alids to 56 d, 15%counted
as a Verfed Sine {hewing the time of the day to be a quarter palt 8
in the morning , or three quarters palt three in the afternoon,

3 To find the Snns Altitnde on all howres,

Take the diftance between the houre and the Declination in
the fitted Scale , and enter it downe, the line of Sinesfrom che
Center, then laying the thread over the Cofine of the Declination
in the Limbe, the neareft diftance toit fhallbe the fine of the
Altitude foughe,

Example,

Thus whee the Sun hath 13 deg. of South Declination ; count
st in that part ofthe annexed Tangent nearelt the Limbe, if then it
were required to find the Suns Alu, for the houres of 1o or 3 by
the former Prefcriptions the Alticude would be found ro d. 25

4 Tofindshe Suns eAmplitude.

Take the Sine of the Declination from the line of the Sines
and apply it to the ficted Scale where the annexed Taugent begins;
and either way i will reach to the Sine of the Amplizude,

Example,

SD when the Sun hath ¥ 5 d:g; gf Declinationhis A:nphtud:
will be found to be 34 deg. 35", :
s To



The ufe of the houre, and e Aximuth Scale

s To findthe Azimuth or true Coaft of the Sun.

Here we likewife introduce the Radius in the lacter Proper-
f'ti{jnt .

1 InWinter lay the thread to the Secant of the Altitude in
the Limbe , and from the fine of the Declination, take the nea-
reft diltance toic, the faid extent enter twice forward from the
Altiude 1n the annexed Tangent, and it will reach to the Vera
{ed Sine of the Azimuth from the Souch,

E xample,

Se' when the Sun hath 15 deg. of South Declinacion , if his
Alritude be 15 deg. the neareft dittance from the fine thereof to
the thread laid over the Secant of 15 degrees , thall reach in the
fitted Scale from the annexed Tangent of 15 deg. being twice re-
peated forward to the Verfed fine of 39 deg. 50 for the.Suns Azi-
. muth from the South.

2 In Summex whenthe Altitude is leffe then 40 deg, enterthe
former extenc from the fine of the Declination to the thread laid
-over the Secant of the Altitude twice backward from the Alcitude

in the annexed Tangent, and ic will reach ‘to the Verfed fine of
the Azimuth from the South.

Example,

So if the Sunhave 15 deg, of North Declination , and his Ai-
titude be 30 deg. the prcfgrih:d extent doubled fhall reach from
the annexed Tangent of 30 deg. to the Verfed fine of 75 deg. 44"

for the Suns Azimuth from the South.

3 InSummer when the Altitade is more then 4o deg. and lefle
‘then 60 deg. apply the extent from the fine of the Declination
to the thread , laid over the Secant of the Altitude , once to the
Diicontinued Tangent placed a Croffe the quadrant fromthe Al-
titude backwards minding how farre it reaches | jult againﬁlthc
. E ike
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32 Of ather parsicular Sealé. §
like arke inthe annexed Tangent tands the Verfed (ine of the
Azimuch from the Sou;h., :

4 When the Altitude is- more then 60 deg. this fitted Scale

is of worft dpcrfnrmancc . however the defect of the Secant might-

be fupplyed by, Varying the Proportioil.

6 To findithe Suxs s Altitnde o all Azimuths.

‘Ut againt che Azimuth propofed flands the Suns alcitude
in the Equator fuitable thereto , which was the firlt Arke
round by Calculacion when we treated of this fubjeét, and the

focond arke is to be found by a Proportion in fines wrought upon .

the quadram.

This quadrant is-alfo particularly ficted for giving the houre,

and Azimuth in the equal limbe. .

The fine of godeg, made equal to the fine if 51 deg. 32" gives .

the altitude of Suns or Stars at fix for ifche thread be laid over
the Declination couated in the faid fine , it fhewes the Alritude
fought in the limbe, fo when the San hath 13 deg. of Declina-
tion his Alditude or Depreflion at 6 is10deg. 9"

It slfo gives the Vertical Alcitude if the Declination be-

counted in the limbe , fecke whatarke it cutsin that particular

fine, when the Sun hath 13 deg. of Declination , his Vertical .

Altitude or Depreffion is-16 deg. 42"
Yo find the boure of the Day..
H Aving found the Altitude of the Sun or Stars at fix, takeche

ditance becween the fine thereof in the line of Sines, and-

she Altitude given , and entring one foot.of that extent at the De-
clination ,in the Scale of entrance laying the thread to the other

foot according to nearelt diltance, j will fhewehe houre from. fix.

in the limbe. .

Example.

Whenthe Sun hath 13 deg_of Beclination his Alticude i;r



The other particslar Scdles, 33

"Depreffion at fix will be 10 deg. 97ifthe Declination be North,,
an:fth-: Altitude of the Sunbe 14 deg. 5 the time of the day will
be halfe an houre paft 7 in the morning, oras much paft 4 inthe
afternoon,

In winter when the Sun hath South Declination asalfo for {uch
Stars as have South Declimation, the fine of their Altitude muft
be added to the fine of their Depreffion at fix, and that whole ex-
tent entred as before,

When the Sunhath thefame South Declination, if his Alti-
tude be x1 deg. 7" the time of the day will behalf an houre paft 8
inthemorning , or 3o min, paft 3 in the afternoon.

T find the eAzimuth of the Sun or Stars.

Ay the thread over their Altitude in the particular fine fited
7 to the Latitude, and in the equal Limbe it {hewesa fourth

rke.

When the Declination is North, take the diftance in the line
of Sines berween that fourth Arke and the Declination , and enter
one foot of that extentat the Alutude in the Scale of entrance.,
laying the thread to the other foot, and inthe equal Limbeic
flewes the Azimuth from the Eaft or Weft.

Example.

When the Alcitude is 44 deg. 39”the Arch found in the equal
Limbe will be 33 deg. 20’then if the Declination be 23 deg. 31°
North , the diftance in the line of fines between itand the faid
Arke beine entred at 44 deg. 39" in the Scale of entrance the
thread being laid to the other foot will fhew the Azimuth to be
20 deg. from the Eaft or Weft,

But if the Declination be South , adde with your Compaflesche
fine thereof to the fine of the fourth Arke ;and enter that whole

;:;r:;:bnt as before,and the thread will thew the Azimuth in the equal
Jimbe,

E 3 ‘Ex‘-:
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34 Of other particular Scales..

Example, When the Altitude is: 12d. 13 the fourth Arch will:
be found to be 9 degrees 32 minutes, then admit the Declination
tobe 13 degrees Souih , whereto adding the Sine of the fourth .
Avrke , the whole will be equall to the fine of 22 deg. 41 minutes,
and this whole extent being entred at12 dega13 *in the Scale of
entrance lay the thread to the other foot accordingto neareft di-
{tance , and it will interfect the equal Limbe at 40.deg. and fo .
much is the Suns Azimuth from the Eaft or Weft, .

Becaufe the Scale of entrance could no: be continued by rea-
(on of the Proje&tion, therefidue of itis put on an little Line .
neave the Amanack the ufe whereof is to lay the thread to'the
Alcinude inicwhen the Azimuth is fought, and inthe Limbe it
fhewes at w hat Arke of the Sinesthe point of entrance will happen
which may likewife be found by pricking downe the Co-altitude
on-the line of Sines outrof the fitcced houre Scale on the right edge.

How to find the h>ure and Azimuch generally in the equal limb-
either with or without Tangents or Secants hath been aifo fhewed,
and how that thofe.two points for any Latitude might be there
pricke and mighc ke taken off, cither from the Limbe , orfroma.
line of Sines , ot beft of all by Tables 5 for halfe the natural Tan-
gent of the Latitude of Londen, is equalto the ineof  ggdeg,; .
And half the Szcant thereof equal to the fine of s3d. 30
Againft which Arkes of the Limbe the Tangent and Secant of the
Latitude are graduated 5 but. of thisenough hathbeen {aid in the
Defeription of the {inall quadrant.

Of the Quadras and Shadowes.

He uf® theteof is thefame as in the fmall quadrant onely if the.
thread hang over any degree of the' Limb leffe then 45d.to take
out the Tangent thereof out of the quadrat count the Arch fromr .
the right edge of the quadrant towards the lefc ; and lay the thread
over 1t, the pricks are repeated in the Limbe to {ave this trouble for

thofe eminent parts. .
Of the equal Limbe,
WE have before fhewed that a Sine;Tangent and Secant may be
‘taken off from it, -and that having a Sine or Secant with the
Radius thereof the correfpondent Arke thereto might be found, .
& that a Chosd mighe be taken oftfrom Concentrick Circles or by
helpe of a Bead, but ifboth be wanting enter the Semidiameter oz



Of the equal Limbe, 35

Radius whereto you would take out a Chord twice downe the
right edge from the Center, and laying the thread over halfe the
and laying the thread over halfe the Arch propofed, take the
nearelt diltance toic, and thus may a chordbe taken out to any
number of degrees lefle then a Semmicircle,. -

It bath been afferted alfo that the houre and Azimuth might be
found generally without Protraction by the {ole helpe of the Limb
with Compafles and a thread, ;

Example for finding the houre;
’1’ He firft work will be to find the point of entrance take out the-
.= Cofine of the Latitude by taking the neareft diftance to the
thread laid over thefaid Arke fromthe concurrence of the Limbe
with the right tﬂ’gc, and enter it down the right edge line and take
the neareft ditance to che thread laid over the complement of the
Declination counted from the right edge , this extent cntred down
the right edge finds the point of entrance, let it be noted witha
mark. Nextto find the fine point take out the fine of the Declin, -
& enter it dowh the right edge , & from the point of termination ,. -
take the nearelt diftance to the thread laid over the ark of the Latir, ‘
counted from the right edge,this extent enter from the Center and
_ itfinds the fine point, leticbe noted witha marke.

Thirdly, take out the fine of the Altitude & in Winter add ic i’
lenght to the fine point,in Summer enter it from the Center & take
the diftance between it & the fine point which extent entred upon
the point of entrance , ifthe thread be laid te the other foor theyes -
the the houre frem 6 in the equal limb before orafter it as the Sine
of the Altitude fell {hort or beyond the fine point,

Example. In the latitude of 39 d, the Sun having 23d, 31" of
Nérth Declination, ‘and Alditude 51 deg, 32 the houre will be
found to be 3 3 deg. 45 "from fix towards noon.

‘Note the point of entrance and (ine point Vary not, till the
Declination Vary.

After the fame manner may the Azimuth be found in the Jimb, .
by proportions delivered in the other great quadrant. Alfo both or
any angle when three fides are given may be found by the laft ge~ -
neralProportion in the {inall quadrant which findsthe halfeVerfed
fine of the Arke fought,which would be too tedious to in(ift upon
8c.are more proper to be Protracted wich a Jing of Chords,
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36 General Proportions applyeds

To find the e Azimsnth univer [ally.

T He Proportion ufed on the {imal quadrant for finding it in the
equal limbe ( wherein the firlt Operation for the Vertical
Alritude was fixed for one day , ) by reafon of its Excutfions will
not (erve on 2 quadrant , for-the Sunor Stars when they come to
the Meridian betwaen the Zenith and the eleyated Pole, but the
Proportion there ufed for finding the houre applyed to other fides
will ferve for the Azimuch Univerially , and thacis

Asthe Radius , Isto the fine of the Latitude ,
So is the fine of the Altitude,
To a fourth fine.

Agan.

Asthe Cofine of the Altitude,
1s the Secant of the Latitude,

Or,

As the Cofine of the Latitude ,
s the Secant of the Alutude,

So In Declinations towards the Elevated Pole is the difference,

but towards the Depreffed Pole the fumme of the fourch fine, and
of the fine fine of the Declination,

To the fine of the Azimuch from the Vertical.
In Declinations towards the Depreflfed Pole | the Azimuth is

slwayes obtufe , towards the elevated Paole ifthe Declination be
.more then the fourth Arch it is acute , if lefle obtufe,

Example for she Lasitude of the Barbados 13 deg.

Altitude 27 deg, 27",

Declination 20 deg. Norths

Lay the thread to 27 deg. 27’ in the Limbe, and fromithe fine
of 13 deg. takbe nearelt diltance to it which enter on the line of

Sines from the Center , and take the dittance between the limi-
"ted point, and the fine of 20 deg. the Declination , this latter

extent enter twice downe the line of the Sines fromthe Center,
. and
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and take the nearel diftance to the thread laid overthe Secant of
27 deg. 27" this extent enter atthe fine of 77 deg, the Comple-
ment of the Latitude, and laying the thread to the other foor it
will lye over 16 deg. in the equal Limbe , the Suns Azimuth to
the Northwards.of the Ealt or Welt.

Otherwaies,

Another Example for the fame Latitade and Declination , the
Alticude being 52 deg. 27" lay the thread to it in the Limbe , and
take the nearelt dillance to it frem the {ine of 13 deg. as before,
and enter it downe the line of fines from the Center , and from
he point of the jimitation take the difance to the fine of 20 deg,
he Suns Declination , this latter extent enter once downe the
ine of fines from the Center ,.and take the reareft diftance to the
Thread laid over the Secant of the Altitude 52 deg, 27" then lay
the thread to 77 deg, the Complement of the Latitude in the leffer
fines, and enter the former extent between the Scale and the thread,
and the foot of the Compafles theweth 16 deg. as before , for the
Suns Azimuth to the Northward of the Vertical , thatthe Sun

may have the fame Azimuth, upon two feveral Alritudes hathbeen

{&uken to before , .and how to do this without Secants hath been
ewne.

Two. fides with the eAngle comprehended to find:
the rk:’rf fide.

D Ivers wayes have been fhewed for deing of this before 5 I
{hall adde one more requiring no Yerfed fines nor Tangents, .
7 Ifboththe fides be leflerthen quadrants, and the Angleat:

liberty.
R OF
a Ifone of the fides-be greater then a quadrant, and the Angle
included acute , it will hold. .

As the Radius , To the Cofine of one ef the including.

fines.

So is she.Cofine of the other, To a fourthdine.

Again.
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u{gdﬁr:,

Asthe Cofecant.of one of the including Sides

So is the Sine of the other,

So is the Coline of the angle included,

To a {eventh Sine.

The difference between the fourth and the (eventh Sine, is the
Cofine of the Side fought. :

t Inthe firlt cafe if the angle given be obtufe , and the feventh
Sine greater then the fourth Sine, the Side foughtis greater then 2
quadrant in other cafes leffe.

Ifin the fecond cafe the feventh Sine be lefle then che fourth,
the fide fought is greater then a quadrant in other cafes leffe.

In this {econd cafe when one of the includers is greater thena
quadrant , and the angle obrufe refolve the oppofite Triangle by
the former Rules,-0r the fumme of the fourthand feventh Sine
fhall be the Cofine of the fide fought in this cafe greater thena
quadrant, ' We have before noted that the Cofine of an Arke
greater then a quadrant is the Sine of that Arkes excefle above go
deg. this no other then the converfe of the Proportion for the
houre demonftrated from the Analemma y in the Triangle

QLP,

Z
113 Let there be giventhe
K> \tp Sides OP 113 deg, 31
9 ‘> thefide Z P 38deg. 28’
\" and the :.'lpngle compree
: = hended Z P © 75 tofind
7 = 1331 = the Side O Z, ’
@ X
Operation.

:Lay thethread to §X deg.32” in the Limbe,and from 3deg<31”
' i |

n
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in the Sines také the neareft diftance to it which ‘meafured from
theCenterwill reach to the fine-of 18 deg. 12 ‘minutés: the fourth
Again ; laying the thread ‘to 23 deg,' 31 in the Limbe, from
the Sine! of 15 deg. take the nearelt diltance toic ; then lay the
thread to the Secant of s1deg. 32 and enter the faid extent be-
tween: the Scale and the: thread | the Idiftance  between- the
refting foot , | and: the:Sine of 18 deg; 22 minutes before found
meafured from the Center is equal co the: Sine of ¢ deg. 32?being
the Cofine of the fide foughc which in this’inftance becaufe the
feventh Sineislefle then the fourth fine is greater then a-quadrant,
and confequently mult have 9o deg. added therero, therefore the
fide O Z isgg deg- 28 minutes if the queftion had been put in
this Latitude what depreflion | the Sua {houldhave had under the
Horizon at the houres of § or 7 in the Winter Tropick it would
haye been found ¢ deg. 28" and this is fuch a Triangle as hath but
one obtufe Angle'yet two fides greater then quadrants;, and how
to (hunne a Secant, and g parallel entrance hach been fhewed
el{-where. Liarl> giton
Of the Stars onthe Projeltion., and in other places

of the fore-fide of the quadrant.

S Uch only are placed on t!a; Projection as fall between the Tro-

picks being putan according to their true Declinations , and
in thacrefpeét might have ftood any where in the parallel of De- -
clination, but in regard-we {hall'alfe_find-the time of the night by
them with Compafles,they-are alfo yuton iria certain Angle from
the right edge. of the. quadrant, to find the quantity of the Angle
for Stars of Northerly declinacion , get the difference of the Sines
of the Stars Adlcicude fix houres from the Meridian , and ot its
Meridian Alcitude’,, and find to the. Since of what Arcly thé faid
difference is-equal; ; againft that, Arch ia the Limbe 4 let.the Star
be graduated | in its proper declination , buc ﬂir Sars of Soutk-
watdly Declination, get the fumme of the Sines of their De-
preffion at fix and of thzir Meridian Altitude,; and find what Axlie
1 the Sines cortefponds.thereto.as betore.

We have put on no Stars of Southwardly Declination that wil
fall beyond the Winter Tropick, but fome of Norcherly Declina-
tion falling without the Summer Tropick, areputen thatare

: E placed




40 To find the Srave bovre,
placed without the Proje&ion towards the Limbe: i° “7
All thefe Stars muft be graduated againit the line-of Sines at
their refpective Alitudes or Depreffionsat the Stars houre of Six
from the Meridian , and muft have the fame lecter {et tothem in
both places , asal{o upon the quadrant of 12 houres of Afcenfion
on the Back-{ide where they are puc on according to their true
Afcetifion with their Declinations and Afcenfional differences
oraved asainft them with the former Lecter ; and {uch of themas:
have more then 1 2 houres of right Aftenfion have the Charadter
plus 4= affixed, denoting that 3f there be 13 houres of Afcenfion
added to that Afcenfion they {tand againfly the fummcis chew
whole true right Afcenfion.

To find the quantity of & Stars howre from the Mn%n .
by the Projeiion,

SE': the Bead upon the Index of Alritude to the Stars obferved
Altitude , and bring it to the parallel of Declination the Star
isgraved in, fo will 1t fhew among the houre lines, thatScars
houre from the Meridian , and the thread in the Limbe will (hew
the Stars Azimuch,

 Example.

Adinit the Alctude of Arétwrs be 52 deg. the houre of chat
Star from midnight,if the Altitude increafe will be7” paft 1o fere,
and the Azimuth of thac Stat will be 47 deg. 43" to the Eattwards
of the South.

The houre and Azimuth of any Star within the Tropicks , may
be alfo found by the ficted Scalc on the right edge of the quadrant,
or by the Curve , after the fame manner as forthe Sun, ufing the
Stars Declination as was done for the Suns, or in the equall limb
as we (hewed for the Sun, which may well ferve formoft of the
Stars in the Hemifphere. '

Otherwife with Compaffes according to the late fuggefted
placing of them,

fl



o To find the Ssars howres, 4

To find the howre of any Star frem she < Meridian that hath
- iy Nopth. Declinarion, P

Ake the ditance between the Star poincin the line of Sines 5,

and its obferved Altirude,.and laying the thread over the Star
where it isgraved on or below the Proje&tion, enter the former
extent paralelly between the thread and the Scale » and it fhewes
the Stars houre from{ix in the fines; towards noone, ifthe Al-
sitnde fell beyond theStar poing 5. otherwife towards midnight.

éx Mﬂﬁ

For the Goat Star letits Altitude be 40 deg. and palt theMe-
ridian » the houre of that Star will b 44" from (1% y for the Com-
paffes fall upon the fine of 11deg. 4”the houre is towards noon
Meridian , becaufe the Alritude 1s.greager then 34 degeche point
where the Star is-graved thethread lying over the Star interfedts,

the Linbe at 25 deg. 47 if the diftance becwesn the Star, and its.

Alcitude be entred at the fine of that Arlie , and the thread lad to
the other foot, the : houre will be found in the equal Limbe
the fame as before.

For Stars of Sauthwardly Declination..

B_.Emfe thie Star point cannes fall the otherway beyond the
Center of the quadrant therefoxe the diftance besween the Scar
point , and the Center muft be increafing by addingthe fing of the

Stars Alcitude thereto, which will fall. more eutwards towards-

the Limbe, and then that whele extent is to be entred asbefore,
Example;

The Firgins Spike hath ¢ deg. 19" of South Dieclinatien the
Depreffion of that Star at fix willbe found by help of the particu-

lar fine to be 7 deg..17”and at that' Arke in the fines the Sraris.

graved , ifthe Akitude of that Star were 20 deg. the fine thereof
added to the Star will be equalto Fthvz fine of 29 deg, 67 this whole

&
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42 Of the guadrant of oA cenfions.

extent entred at the fine of 37 deg, 52° the Arke of the Limbe
acainft which the Star is graved 5 and the threadJaid tothe other
foor, the houre of that' Star if ‘the Alutude increafe will be 19,
patt o

“To find the true vimee of the right.

T His muft bedone by turning the  Stars houre into theSins
houre: or common time, eicher by the Pen as hath been
{hewed before, ‘which may be alfo conveniently performed by
the back of this quadrant , for the thread lying over the day of the.-
moneth {heweth the Complement of the Suns Afcenfion in the
Limbe,

Or with Compales on the [aid quadrant: of Afeenfions,

T He thread lying over the day ofthe moneth , take the di-
& [ance between 1t and ‘the Star-on the faid quadrant, the faid
extent being applyed, the fame way as it was taken the'Suiisifoot
‘to the Stars houre fhall reach -fiom the Stars houre to the e
“houre of'the night , and if one of the feet of the .Compafies fall
oft the quadrant,a double remedy is elf-where prefcribcdpf B! 3

Example,

Ifon the 1ath of Fawsary the houre aF‘ the Goat Srar wak
‘16" paft 5 from the Meridian , the true time {fought would be
49’ palt 1 inthe morning,. -

Example, 5., 30 8

Jtupon the third of Fausary, the houre of the Pirgins Spike

were obferved tobe 19" paft 9, the true time fought would be
.45 palt2 in the morning, .



‘Of the gnadrant eAjcenfion, 43

b Aok To findthe time éf_ﬂ £r:|r; rifing and [etting,
He Afcentional difference is graved againft the Star,the Pir-
(-gins Spike bath 487 of Alcentional difference . that is to {ay,
that Stars houre of rifing is at 48’ pall 6 , and fetting at 127 palt 5,
And the true time of that. Stars rifing upon  the third of fannary,
will be at 22" paft 102t night, and of its fetting at 47/paft § in
the morning,found by the i%rmcr diretions,

Of the reft of the lines on the back of this quadrant.

T Hey are-either fuch as relate to the metion- of the Sun or Stars,
< Tor'to' Dialling , or fuch'as are derived from Mr Gunters
Se&or,

The Tangent of 51-deg. 32/ put throughthe whole Limbe is
peculiarly fitted to the Latitude of Lendow , and will ferve to find
the ume when the Sun will be Eaft or Welt, asalfo forany of
the Stars that have lefle Declination then the place hath Latitude,

Lay the thread to the Declination counted in the faid Tangent,
and in the Limbe it fhewes the houre from'6 if reckoned from the
right'edge, : -

114 0 Example,

When the Sun hath 15 deg. of North Declination the time
-of his being Eaft'or Weft willbe"12'deg." 17" in" time about 49"
before or after fix, fere.

The Suns place is given in the Ecliptick line by laying- the
thread over the day of the moneth in the quadrant of Afcenftons;of
‘which fee page 16 & 17'0€ the {mall quadrant,

| 'Of the lines velating to Diallinga
S Uch are the Line of Latitudes, and Scale ofhoures 5 of which
) before, and the line. Sol in the Limbe, of which I fhall{ay
nothing at prefent , .it is onely placed _there .in readinefle to take
oﬂ"'any.'ﬁ't_{:: from it accordung to.the accultomed manngs of ta-
King oft lines from the Limbe to any alligned Radius. 7
; g
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Of Dialling Lines. '

The requifite Arkes of anupright Decliner will
be grven by the particular lines onthe, Qua-

drm for the Latitude without :be tra:zﬁk’ af
Proportionall worke.

v The[ubfliles diffance from the Meridian

Al_.caunt the Plaines declination asa fine in the fitted hour Scale
on the right edge of the fore-fide, and jult againit iy inthe:
anncyed Tangent 5 Rands. the fubttiles ditance from. the meri-
dian,

If an upright Plaine decline 30 deg.the fubftiles MM‘ will
be 31 deg: 41 munutes,

2. The Stiles beight,

Countthe Complement of the Plaanes Declination in the Gid
fitted houre fcale as a fine and apply it with Compafies so the liae
of fines iffuing from the Censery for the former Plaine the ftifes.
height will be found 32 deg. 37

3 The Inclivasion: of Meridianss - . |

Account the fhiles heightin the annexed sangept of tkgﬁ;tcd
Rour Scale, and jult agaunft it in the fine ands the Commplement

of thie Inclination of mtndlanwhlchfﬂt the former plaine will be
found to be 36 deg. 257

4-, The. gﬁgf#'afll and 6..

fccount the Plaines Declination in the Limbe on the Back--
fide from ithe righc edge, and lay the thread over it, ‘and inche
Pﬂlﬂltuhr Tanﬂ:nt it ﬂltwcg the Anﬂlt between the l-tar jzon apd"
fix 33 dfig. 9’ m this Example the Complem:m whcl;:a[ isthe

Angle of 12 and 6, namely 57 deg: 51 min, .
o dife:



Of Lines velating to Dialimgs a5
Allo the requifite Arkes af a direct Eaft or
Wilt, rechning or inclining Dial may be
found after the [ame manner forthis Latir.
aofl 5/ I Tb:fuﬁﬁim diffasce;

Ceount the Plaines Mclination in the Limbe on the Back-
fide fromthe left edge , and in there lay the thread; and in ehe
particular Tangentit (hewes the Arke fought. :
Soifan Eaft ot Wett plain recline or incline 60 deg. thefub-
files diftance will be found to be 32deg, 127

2 The files height.

Account the ®clination in the particular Sine on the forefide
and in the Limbe it fhewes the Qiles height, which for the former
Example will be found to be 42 deg. 41,

" 3 The inclination of Meridians.

The Propertion is, As the Sin¢ of the Latitude,to Radius,

'So is the fine of the fubltiles diltance,

To the fine of the inclination of Meridians, when the {ubftiles
difance is'lefle then the Latitude ofthe place it may be foundin
the dparticular fine on the forefide,by the inter{eétion of the thread,
and for this Example will-be 42 deg. 53"

4 The eAngle of 12 and 6.

Account the Complement of the Réclination in the peculiar hour
Scaleas a fine, and jult againft itinthe annexed Tangent ftands
the Complement of the Angle fought , in this Example the Angle
of 12 and 6 is 68 deg. 20",

In other Laticudes the Operations muft be performed by Pro=
portional worke with the Compaffes, - of




465 The Linéof [uperficies.
Gfrhz Lmu dqrrwd fram Mr. Gunttrs Se&ar by AR
N \ AN
Sitch are thc Lines offupe:rﬁcles Schds, &e.: 16 :

Of the Line of S #p:r_ﬁc‘u.r on S FRsteler) o | o
He chiefe ufes of this Line joyntly with the Line af Lmes in the -
Limbe , is when a{quate’ number isgivensto find the Root

thereof , or a Root given to find the fquare number thereto , thefe -

Lines: placed on a quadrant will perform: this {6me what-better

thena Seltor 5. becaufe it is given by the Interfe¢tion of the thread -

without Compafles , the propérties of the quadrant, cathng ;hei'e -
lindslarge-where ona St:nﬁnar thEy would be narrow..

To find the [quare R oot ﬁfd number.
The ‘Rgar being given to find the Sg##rt Nﬂmﬁw ﬂrf

that Eaa!.

N fxtru&mu the {quare Root pricks muft be fet under :he firtt

third , fift, “and feventh figure , and o forward and as many
pricks as fall to be under the fquare ‘number given , {o many fisures..
fhall be in the Root ; and accordingly the Tine of ines > and {u-
perficies muft vary in the number they reprefent, .1 am very un-
willing to{pend any time about. thefe, kind of Lines . as being of
Lmllg sformance, and by my, felf and almo't by, all men aceount-
ed meere toyes.

Tfa number be given in the fuperficies, the thrtzd in the lines.
fheweth the Root of its and theicontrary , ifa number be given
in the lines the thread laid overic mterﬁ:gs the Square thereof.

The performance thereof by thefe lines is fo deﬁclem that I fhall :
-give no Example of 1. " " !
When a number is given to find the fquarf thereof , ifnot to

laxge the Reader may correct the laft figure of it by mulnpfymg.
itin bis memory, .

'_'r.ul. 1l .r\.f-.| 3
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To three numbers givento find a foursh in 4 Duplicated
Preportion,

That is to worke a Proportion between Numbers and Squares

Example,

1fthe Diameter of a Circle whofe oAreais 1 54; be14., what
‘Thallghe Diamecer of that Circle be whofe o 4res 15 616,

Example.

Lay thie thread over-6 16 in the fuperficies , and fiom 14 in the
equal parts , take the neareft diftance toit, then lay the thread
to 154 in the fuperficies , and enter the former extent berween the
thread and the Scale , and the foot of the Compafles will reft upon
28 the diameter fought,

T find a Proportion between two or mure like [uper ficiess

ADHJi: there be two Circles , and I would know what Pro-

portion their e4reas bear to each other , inthis cafe the pro-
per ufe of a Line of fuperficies would be to have it ona ruler
and to meafure the lengths of their Like fides, for ‘Circles the
lengths of their Diameteisupon it, and then I fay , the numbers
found on the fuperficies beare (uch Proportion each to other as the
Areas or fuperficial contents, and for fmall quantities may be
done on the quadiant by entring downe the Jarger extent of che
Compafles on the Line of Lines from the Center , and mind the
point of limitation, enter then the other extent on the point of 1=
mitation , and lay the thread to the other foor, find what num-~
ber it cuts in the fuperficies,and the greater fhall beare fuch Pro=
portion to the I=ffer as 100, &c, the length of the whole linedoth
to the parts cut.

The Proportion that two fuperficies beare each to other is the
{ame that the {quares of their like fides, and therefore their fides
may be meafured cither in foot er inch meafure y and then the
Squares taken outas betore fhewed,

ey The

‘Of the Line of f#pnﬁ;‘:’éﬁﬂ.’ 47
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4% Of the Line of S#perficies.

The line of [isperficies ferves for the reducing of Plots
to auy proportion.

Dmit a Plot of 2 picce of ground being caft u containes -

364 Acres 5 and it were required to draw another Plot which
being caft up by the fame Secale fhould containe but a quarter fo
much , and let one fide of the faid Plot be 60 iuches, againft 60 -
in the lines, the fquare of it willbe frundto be 3 600 ; apdithe
fourth part hereof would be goo , which account in the faperfi- -
cies and you will find the Square Roor of it to be 304 and (o many..
inches muft be the like fide of the leffer Plot if being calt up by
the fame Seale it fhould containe but  of what it did betore.,

If the line of Superficies were ona freight ruler, then to per-
form fuch a Proofition as this, would be to meafure therewith -
the fide of the Plot given , minding what number it reaches to in
the Superficies , the fourth part of the {aid Number being reckoned
on the Superficies , and thence taken fhallbe the length of the fide-
in the: Propoition required. |

Of the Line of Soluds..

F anumber be duly cftimated in the faid line, and the thread

laid over ic,it will in the line of lines fhew the cube Root of that -
pumber , and the converfe the Root being affigned , the Cube
may be found 5 bue by reafon of the forry performance of thefe
Lines I (hall fpend no time about 1t if this line be placed ona
laofe Ruler, and the like fides of two like Solids Ec meafured -
therewith,thofe Solids (hall beare fuch Proportion in heir con-
tents each to other asthe meafured lengths on the Solids,

Three Numbersbeing givei to find the fanrth in £ -
¢ Duplicared Proportion,

Example,
'i{-‘ a Bullet of 4 inches Diamster weigh 9 pound s what fhall 2 -

“Bulles of 8 inches Diameter weigh?- Anfiver-72 pounds,..
I



“Of the Line of Solids: 49

In this cafe let the wholc line of Solids reprefent 100, alwvaycs
‘the Solid content whether given or fought , mult be accounted in
the line of Solids , and the Sides or Diamezers in the Equall -
patts.
-P Lay the thread to g in the line of Solids , and from § in the in-
ches take the neareft diftance to it, enter one foot of thac extent at
4 in the inches , and: lay the thread to the other foot : and it will
lye over 72 in the Solids forcthe weighe of the Bullet fought.

¢
AnExample of the Comverfe.

"If a Bullet whofe Diameter is 4 Inches weigh-9 pound,
another Bullet whole weight 1s 40 pound , what (hall be the

'Diameter of it.
Lay the thread to 40 in the Solids, and from 4 Inches inthe
- lines take the neareft diltance to'it,
Then lay the thread to g inthe Solids, and enter the faid ex-
_tent at the equal Scale, fo that the other foot turned about may
buc' jult couch the thread , and icit will relt at 65 Inches nearef,

which is the Diameter fough,

Of the Line of inferibed Bodes.

T his Line hath thefe lecters fet o it.

D Dodecabedron
I Signifying the P!ﬂa fahedron

g Bl sl §%g:b¢drm ri,
T Teira ;Jedr.fm _ﬁ-'l'

-And the Letter S Signifieth the Semidiameter of a Sphere ,
ufe whereof are tofind the Sides of the five Regular Bodics that
may be infcribed in a Sphere.

Ex-

[
]




5 " OFf the line of Solids.:
| Example,

A joyner being to cut the 5 Regular Bodies defres to know the
fenaths of tiie ides of the faid 5 Regular Bodies that may bein--
feribed ina Sphere where Diameter s 6 inches..

Lay the thread over Scand take 3 inches out of the line of
equal parss or Inches, and encer that extent fo that one foot reft-
ing on the faid Scale of inches, the other turned about may but
jult touch the thread; the're(ting point thus found , I callthe
point of encrance, from the faid point take the nearelt diftances
to the thread laid over the Leteers,.

']

Ineh,Dec.parts
D eAnd meafure thofe Extents 2 .13y,
1. / ou the Lineof Inches, and (' 3 .15
C you will find tham. so reach 3 «45
O to - .4 133
f W o 4 .86

Which .are the Dimenflons-of the refpe&ive fides of thole
Bodies.cowhich the Letteys bf:long_

The ufes-of the Lines of quadrarure; Segments, Metralsand*
Equated Bodics, 1 leave to the Difqulﬁtibn of the R gader,
when he (hall have occafionto put them in pra&tice , which I
think will be feldome or never, and whierein the affiftance ofthe -
Pen will be more.commendable. .

Thefe lines were added to this quadrant to fill étp fpare room,..
and to fhew that what ever can be done on the Seétor, may be
performed by them on a quadrant,

A Table
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A TTABLE

Of the Latitude of the moft emi-

nent Placesin Efggﬁaﬂd, W ales,
Scotland and Ireland.

- S

S

d. . 3: di.o M g
Bedford riszs8 Reading 5128 ¥
Barwick_ , 5§55 54 Salisbury SXi. s |
. v Briftel $LLa7 Shrewsbary 5247 E
Bﬂckﬁugknm $2 Sruﬁrd 52 §2 '
Canmbridge SALLD Stamford h:52. 28 ! f
. Canterbnry §1- 17 Truere 50 30 A
Carlsfle 55 Warwick, | 52 20 il
(hichefter 50 48 winchefter LT B 1
Chﬂrr 3 16 Warr:ﬁar 52 14 A
| (olchefter 51 58 Yorke. 53 58 4|
Derby 52 58 ' o B
- Dorchefter 50 40 - WALES | & me
Duyhans s4 50 |, Anglezey 55 28
Exceter 50 43 Barmontl 52 sof
Gilford” sI I2 Brecknock, T3 n 1
Gloucefter si§3° Cardigan §2 13
Hartford 51 49| \ Carmarthen 51 56
Hereford £ Carnarvan $3 16
Huprington 1 52 19 | Denbigh-- 53 53}
. Ipfwich 52 8- Flint 53 17
Kendal £ 33 I Liaxdsffe 5L 35
Lancafter 54 Io |. CMonmonth 51 §I
Leicefter 52 40 Montgomeroy | 51 §6
« Lincolne 53 14 Pembrooke . 51 46
London §I 32 Radnor 52 Ig
Northampton | 52 14, tSr.Dwi_d-- .53 co |
Norwich L 52 42 i e 4
Nottinghans 2 ThnIELﬁHDS.-"] d. m
(| Oxford ST 46 | Garnzey: ' 49 331_3_




2 L o H Table

1 d. m, :
Ferfey 49 12 Argla’ 54 10
Lundy 51 22 Armach 54 14
Man 54 24 (aterlagh $2 41
{ Portland 50.33 1 Clave 52 34
Wight 1fle. 50 39 | (orke 5153
e Droghedah 53 38
SCOTLAND, | d. m. Dwblin §3 13
 Aberdewr 57 32| Dundalk, 153 52
: ED#H&IHI-H: 56 21 Galloway $3-2
Dunkel ! 56 48 Youghal ST
| Edinburgh 55 56 Kenny *| 53 27
' Glafeow 55 52 | Kildare 53 00
Kintaile 57 44 Kings towne | 53 8
Orkaney Ifle 6e 6| Knock fergm | 54 37
St.Andrewes | 56 39 Kynfale S1 .41
\ Skiraffin 58 36 | Lymeriek, | 52 30
Sterling. 56 13 seens towne | 52 51
. b Waterford 53 9
| IRELAND. l d, M. {fofard. §2 18
| Aurt 54 38 1 |

A Table
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A Tableof the right Afeen-| | |
. . Joes and Declinations of fome of | R. Af- \Decli-  Mag-- |
the moft " principal fixed Stars for | cenfions mation.  nitnde: f
Ome yeares te come. | i
f Je H m KIIJ. m. .| .
Pole Sear 0o 3187 34N 2 %
Andromedas Girdle- oo 5013350 N (2 %
Whales Belly. | OF 35 {ER. bs )13
Rams head 1 48 |21.49N 3 ?‘
Whales mouth 2 44|12 42N 2 4
Medufas head 2 4639 35N 3
Pecfeus right (ide 2 59148 33N 2 i1
Bulseye |4 16|15 46N 1~ 4|
Goat {4 52|45 37N 1 il |
Orionslefc foor 4 5818 338 1 )
Oriens left fhoulder 5§ 6|5 59N 3 i
Firft, in Qrions girdle § I5{o0 35S !3
Second, in Orions girdle J.S Ig|Loag-a13e 1
Thirdy in Orions girdle l§723]2 9. Sig3
Orions right (houlder ' § 36(7 18N 2
The Wagoner 5 39144 6N 2
Bright foot of the Twins - |6 18116 39N 3
Great Dog 6 30116 13 S 1
Caltor or Apollo 7 12132 30 N+ 2.
The lictde Dog 7 2216 6 N 2
Pollux or Hercules - 7 24|28 48N- 2
Hidra's heart 9 Tol7 10 S &
Lions heart 9 50 :339N';1--
Lions Neck 9 5121 41N |3
Great Beares rump 104058 43N |2
Lions back ¥ I1 301324 Nz
Lions tail IT 31|16 30Nz
The Virgins girdle 12 3815 20N|3
Buft in the great Bears taile next the |- |
€ orump ‘ 12 38 57 SIN | 2
Vindemiatrix: 12 44|15 sI N |3
Virgins Spike .. 113 719 19.Siz

M 1dd]es : -
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A Table

l

R. Af- | Decli-

ﬂﬂﬁﬂﬂi ﬂ

H m|D.-m.
*Middlemoft in the Great Beares tail 13 10|5645N 2
+Laft in the end ofthe Greac Bearesrail | 13 34(5T1 OSN3
ArQurus 114 co|21 03N |
South Ballance 114 321433 S 2
Brightelt in the Crown {15 24]2743N|3
North Ballance 14 5808 03 §:3 -
Serpentariesleft hand 15 56l02 46 S|3
Scorpionsheart 16 08|25 35 ST
Serpentarics Jeft knee 16 18|09 46 S |3
Serpentaries right knee 16 49|15 12 S'3
Hercules head 16 5914 s N3
‘Serpentaries head 17 19|12 52 N|3
Dragons head 17 48|51 36N 3
Brightelt in the Harp 18 25(28 3eN|1
Eafdt or Yultures heart 19 34108 ﬂDN 2
uPpcr horn of Capricorn 19 <8 (lg 32 5|3
Swans tail 20 30 |44 u;N 2
Left (houlder of Aquarius 21 1; 0702 5|3
Pegafus mouth 21 27 |e819N|3
Right fhoulder of Aquarius 21 48 or 58 §{3
Fomahant 23 39| 3117 S[1
Pegafus upper Wing,er Marchab 2248|1321 N2
Pegafns Lower Wing. 23 5513325 Nz
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Mr. Sutton knowing that fome of

the Tables of Declination and Right Afzenfion in our
Englifb Books are antiquated and removed forward,
took the pains to Calculate a new Table of
Right Afcenfions and Declinations to ferve for
the future, in regard I was not at
leifure to accomplith it
which followeth,
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A Tableof the Suns Right Afcenfion and
Fannary [ Eebruary | -« March

i . |
g OR,A4.| @ Decl-| (OR 4. | ODecl, |OR. 4. | ©Decl.
] e —_ i
“|H. M, |D. M. H. M\ D M||H M|D. M}
1l19 35|21 46f|21 42|13 49|23 28] 3 27
2|19 39|21 36/|21 46{13 2923 32| 3 O3
3|19 43|21 25\21 so;13 ©8|[23 36| 2 39
4119 47|21 1421 54|12 48[|23 39| 3 16
;Ilg sI|2I 03‘21 s8112 28/|233 43| & 52
: 5f19 56120 §2||22 oz2|12 06|23 46I (R
; 7120 ocol20 4ojj22 ofirr 45|[23 §o! 1 Of
i 8l20 o4]20 29|22 10|11 24}|23 §3| 0 4
i gl20 o9l3o 15/f22 14 11 031123+ 57 o 1t)
10|20 13|20 o1fl22 17[10 41|y 0 o1 |Nerth¢
i tr]20 17|19 48{]22 2¥10 1900 05| 0. 3¢
o 12|20 22119 34|{22 25] 9 .57 © ©o8[ o 53
i (3|20, 26{ 79 2cfiz2 2lag) 97 35 | @F a2} T 17
ﬂ; 420 3®|19 ©O5}l22:33] 9 A3} O I§ 1 41
ﬂ{ tsl20 24|18 s50ij22 136} 8 sti| o 19| 2 o4
4 w6120 38112351227 :40) 8 026, 0'"23} 2 28
i 17|20 42|18 19/122 44| 8/ 06| © 26| 2 5”
18|20 46118 o3ll22 48| 7 43/} © 30} 3 I5
i 19|20 50|17 4j||22 ‘52| 7 3010 33| 3 38
20120 54|17 3cij28 S$5] O SATONE IR
l:_x 20 8117 13ll22 §9| 6 34: 0 41| 4 24
: 12|21 03|16 gflzg ©31 6 11 |0 44| 4 48#
J 23| 2% 07115 39|23 ©6, 5 48 | o 48| 5 1I
o 24121 11,16 21/{23 10| § 24 |0 53| 5 34
i 25|21 15|16 o3lla3 13| 5 o1j| o 55| § §7
g 26|21 19|35 44|33 17| 4 3;% o' §al 6 10
A 29 a1 23115 26|33 -81 [ 4.0 1SR RIGS TR G
y 28 31 27|15 o7l 23 25| 3 UeTIEESTO6 I
ik 29 21 31|14 48} T " lajE7 i3
i 134 20-2F.izs |22 2§ 1 141 7 4
! 31 21 38|14 09 |2 171 8 13
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‘Declination for the Year 1885.

]

g April. May |  Juxe.
2 |OR. 4. [ODect | (O R.A. | @Decl.| OR.A.[Q Decl.
i | H. Mo | Do A \H M.\ D, m.|\H, M. |D. M.
1| I 21 8 33])3 14|18 o3| 5 19|23 11
af ot 2518 ¢s((43 X818 a8l-s 33|23 15
gl 7Y Fagr 9 'tn7li13 22 18. 33]|°5 27|23 19]
4| 1 331 9 38/]3 26118 485 31|23 22
$| ‘1 36| 9 sr/{3 30/k9 e@2flig 36|23 .24
| 61 1 4010 21/ 3 34|19 16/| 5 4023 26
7| 1 34!10 42(( 3 38i19 29| 5 44123 28
8| 1 47|11t 03113 42|19 42\/'5 48|23 29
9| ¥ srf1r 24t 3 46119 55 [ 5. 52|23 30
10| T 54|11t 44({[ 3 so|l2e o085 s6[23 31
Lr I 53 13 ﬂ;ll 3 54|20 20 6 aof23 31-;-
Ta| 2 o2712 24/| 3 s3|20 33(| 6 o04]23 31
13/ 2 ©6|12 45/| 4 02|20 44/ 6 08|23 3e
4] 2 10|13 o4/| 4 o6(20 S55/( 6 12|23 29
15| 2 13113 34| 4 10/21 051 6 17|23 28
16| 2 17113 43/|'4 14121 16/| 6 21)23 26
17| 2 21{14 o2/ 4 18|21 26/| 6 25|23 24
18| 3 25|14 21/| 4 22|21 36/| 6 29(23 21
lto| 2 29|14 40| 4 26121 45|| 6 33|23 18
201 2. 32|14 58/| 4 30|21 54/| 6 38|23 14
21| 2 36115 16\ 4 34j22 ©2| 6 42(23 1II
22! 2 40|15 34/| 4 38|22 I1|6 46{23 O6}
23| 2 44|15 52|| 4 42|22 19 |6 50|23 oI
24| 2 48|16 eg|| 4 46|22 26/| 6 54|22 56
25| 2 §IyI6 27|/| 4 S5©'23 331| 6 58|22 ¢§1
16| 2 551:6 431| 4 5422 4°/| 7 02|22 45
27| 2 59|17 ec|| 4 58‘21 461 - mérzz 39
28| 3 e3|17 16/ 5 ©2,22 S52/| 7 10|22 32
291 3 o7|17 32[| 5 ©6(22 57| 7 14|22 25
3o| 3 10|17 48|[y 11|23 o2/ 7 19|22 17
31 iz i 751331097 |
i H 3"




A Tableof the Suns Right Alceniton and

]'*J fuly ﬁ#_&ﬂﬂ A Scprtmhr.—';l
3§ |ORA, @D, | OR, 4. | ODect QR.4. | @Decl-
S|\ & 22\ D, ar||E oz | D .| |H. M.\ D M,
1| 7 23|22 og||'9 w25|¥F E6||EL A9] 34 28|
2|7 27|32 ‘orI||'9 | ‘ag]d4 s8I(tT 23| .4 -6
317 312t lige|[f9 | 33| T4 =30/ KT 1043
4|7 35l20 ‘43(|'9 37|%4 BIR" 3R i3 19
| 5t7 230|319l leg 1 g0 | 24| G2l S8 {EHSY
i 6! 7 43|21 z4l| 9 44 13 43|[t¥ 37| 2 33
it ! ARy 4?121 14 | 9 48 |13 24| |BE et 42 L0
It 45 8| 7 sil2r o4l 9 sr1|E3 ~o4/|FE 44) 1 40
L, ol 7 55|30 3 )9 s5|tz 45|tt 48| 1 23
to| 7 59|70 42| 9 §8|12 25 |FL SI| 0 59
|kt (1|8 03|20 30l|E0 i02|¥2| j05(|tk (55 | 04 3G
e t2] 8 o7;20 18|10 o6l 45/(tE 591 O 12
' 13| 8 1|20 o6|{10 10| LI 25/{t2 03| Semth1)
3! [4 3 IS§1 190 %54 10 14 II 04 2 ©b 9] 35
i 15| 8 ‘19|19 41f[ro 7|10 43/|f2 09| 0 58
|$ 16| 8! 23| vo 28| |vo!j2rlI0 32 12 13' 1 22
it (7|8 27|19 r4|{to 25| 10" o1j|T3 17| T 46
fu 18] 8 31|19 co||tO 28| 2 49 (2 20| :2 O¢9
I ro ] 35‘ 13 4-6 I0 32 9 18{ 12 1.«.!. 2 3;
{3 01 8 39|18 32(|10 35 8 s7i|ka 27| 2 56
{ 21| 8 43118 17||10 398 35022 (34 3 19
b 22) 8 47|18 o2f|to 43| 8 24|82 35| 3 | 43
i 23| 8 srI{17 46/|[to 46| 7 §2||t2 38| 4 o6
i 24| 8 55| r7 33 |r0 e | 47 39 12 42! 4 39
5|8 §8'17. x5||to §3, 7 OF||12 45| 4 53
26| '9 o2|16 g9 |10 5?1 6 45||1z 49| § 16
27] ‘9 06116 42|tk O 6 22||12 53! 5 39
28| 9 10l16 25|{tr og| 6 loollra 57} 6 o2

29| 9 14|16 o8|jrr o8| 5 37([¥3 " Of 5 1a
30| @ 17|15 ‘si|jtz ET| %5 B4 {3 O4 6 4%

131} ¢ 25l15 ' 33sr | B51 41151 g




Declinatioa for the Year 1846.

IOES  gupIc S35 45019 531117 56123 31
11|13 45)10 §3 I5- 49|20 o7 |18 00|23 31}
12| I3 4911 14{|15 §53j20 19'|18 of%|23 31
13|23 §3|It 36|15 58|20 32 |18 o09|23 30

14]13 s§7|I1r 57[16 o2|z20 44 |18 14|23 29
tg]n[. oof12 1816 07|20 56/(18 19|23 27

N O&af:': H November |1 ‘December. .;
|3 |9R4 ® Decl||OR 4. ODict) O R A, [ @ Deel.
S |H. M, |D, M.|\H. M, D. M, H, A, D. M. :
P EEy N es Ryt rl 1 o7 17 Iy Iy 23" tof B
213 12f 7 34fft5 11|17 541 17.20[23 13 -_
FPETRS Sk 1 IS 18" Y0 |17 25123 .17 A
4113 19| 8. 19 |15 I9[18 26 |17 29|23 20 -
T 553022 8.42|(15 23|13 41 (17 34|23 22 £
; 613 26| 9 04|15 27|18 56|1? 38|23 26| %E
| 31530097 26] |15 (31119 1T |I7 '42l23 -28 f'
8113 34| 9 48[15 36|19 26 (17 47|23 29 1
olr3 38|10 190||I§ . 40l19 4nﬂ17 sTl27 30 gé
I

e
——.

16|14 o4i12 38 16 1rl21 o3 118 24/23 25
17|14 ©08|I2 59l {16 15|21 19 (18 28|23 22
18|14 12(13¢ 19| 16 (19|27 ‘2018 33|23 19
19|14 16|13 39016 23|21 39 18 37123 15
20[14 20|13 59| 16 z$|11 49 1v8 4~jzz 11

£ o

,;} 14 24[14 1;Lt6' 3%2[2L 1,58 418 45i:; 07 j%
12|14 28|14 38¢161 36122 o8 (18 49|23 02 .ﬁ
2314 32|14 57/(16 40|22 16, (18 74|22 6 i
24114 36,15 16|16 44|22 24 18 5822 50 ﬂ
25147 39|15 35|16 49(22 32 19 03|22 43 4
26|14 43|15 5316 53{22 39 |19 o7 2% 36
27114 47 10 8L 10 T 132 46119 YT 23 .29 3
28' 14 §1 |16 29 17 ©2[22 §2{/19 16|27 21

29 14 . 55|16 47,17 ©06122 58 19 20|22 13}

30, 14, 59| F7 94117 IL[23 03,19 2§22 ©4)

31 15 o3|17 21l |'1t9 3e2r g5l




A Rcﬁlf}-r)mg Table for the Suns |

eclinacion,

Irur:l}mr:! anr‘ - \Years YearsTear®
1657|1659/ 1660 1657|1659 1660
1661|1663|1664 1661|1663|1554

166516671668 166511667 1668

1669|1671|1672 \I669 1671|1672
1673116751676 1673 167511676 -:

\ Meneths | min.)| min. | min. | | Moneths| min, |min. |min,

3 B8/2 a5 4a 12 8|2 a|s @

Javuary |4 s|3 al 7 a|| F«lr (3 83 a7 8

5 8i4 aj9 @ 4 84 a9 8

s 8|s ajio a s sls ajios

Pebruary |5 s|s sjir &l |Awgnfls 8|5 al11 8
r 6 ois ajrr =« 6 8|5 a'tz 8 |

6 8 7,-_ aj13 8 6 sls aliz s

March |5 als 812 8&||Sepréber|6 als 8|13 &

s dals sjiz & 6 ajs sz 8

5 _;; glrr @ 6 als sj1z &

April |5 als |10 & |Offober |5 als 8|11 &

4 aj4 8|9 a 4 25 8o &

4 al4 @& 8 a .84 857 4

b May |3 al3 8| 6 a|.|Novem.2 a3 5|5 &

2 Hia sl 4. 4 I Al2 8|3 &

1 fjr 8 2 @A © a|lr sir a8

June |o sle a|l o 8| |Decemb|t glo alr s

r sjt a 3 sl : gt a3’ s

I:; i
40




The sfe of the Reflifjing Table.

NOI: that the minutes under the refpetive years # te be ed-
ded or fubftralted to or from the Suns Declination in the
~ fermer Tabie,as is noted wich the letter & or ¢ : and alfo nete that
the firlt igure in each moneth ﬂands fur thE ﬁrf?t 10 da}res of the

ﬁﬁﬁﬁ ho o A

Example,

1 would knew the Suns Declination the 15 day of Aay 1668+
Now becaule this day of the moneth falls in the fecond 10 dayess

Ilaak int Taig‘ :r theyear 1 £, aqd right againit Mﬂ
at

rﬁw&hm

whmh fhews m mul’c atlde 6 mmutcs tothe Suns Dechi na-

o U S|

m.umqfﬂarth qhnatmn,and {o Fatﬂ:q reft, whu:h wﬂl nfwr:g
E[q ve :wu minutes from the truth, but feldomc fa rnuch,
and : S

%ma[tpatttmgr ESAR R 2

i Yga196w. 5.7 o Lk e WYL T
3 Evﬁi :LIIZJVE #ngﬂﬁﬁlrgt:;#mﬂgﬂﬁyﬂmﬂ ”ﬁf‘

ted exabtly for the year 1666, by the Rules Me.Wright'

gives in his CorreCtion of Errours, and from his Tables,
and may indifferently ferve for the years 1658, 1661.
I 679 1674, without any (enfible erranr, and the Table

ibt Afssnfions will wor vary aminnte of timsc im

TERRRINEYY

¥
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Errours in the Horigontal Quadrant.

PAses line 6 in an Ttalian letter fhould not have been diftiné,
nox in another letter from the former line. page 5. line o. for
quarter, read half.p. 5.1 13.r.0fa quadrant, p.11 .1.7-:'.6 3d.26%. p.
19..7.7,the fame day to.p.2 3.l.17.r:and ends at 32’ palt 9,p,37-
L7.for N R, 7. N Z.p,28:1:4.r.in the parallel.p.30.l.9,& l.10.r.
23d. 317.p-38.1.4.7. Istothe fine.,p.§0:l.5.r.whereof the Diame-
ter.
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APPENDIX
‘Touching
SR BECTIVE DIALLING.

e

By JouN Lyon:

Profeffor of this, or any other part of the
Mathematicks, #er Sommerfet
Houfé in the Strand.

LONDON,
Printed e Anno Domini, 165 8,







-?.B)’ a Hole or Nodus.

To draw a Dial under any window that the Sun [hines' #pon by
help of a thread faflened sn any point of the direft Axis
found in the Cailingy and a bole in.any pane of glaffe,
or a knob or Nodss upon any fide of the

‘window or window-poft.

CoxsTRrRUCTIO.

2. © Irft, draw on paftboard or other material, an Hori=
' zontal Dial for the Latitude propofed,

Then by help of the Suns Azimuth, which
may be found by help of a general Quiadrant, at
any time, or by knowing the true hour of the
day with the help of the {zid Horizontal Dial &
and draw that true Meridian from the hole or Nodus propofed,
both abave on the Cieling, and below on the walls and floor of
the Room ;. fothatif a right line were extended. from the faid
hole or Nlodus by any pointin any of thofc lines; it would be in
the meridian Circle of the World,

I 2 Te
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4 Direét Dialiin g by a Hole oy Nodwe,

To finde a point inthe direlt Axisof the world, wbitﬁ will ever
fall to beinthe [aid Meridiam, inwhich point the end
of athread ss to be faffened.

Ieft, fix theend of a thread or fmall filk in the center of the
FHoIc or Nodus,and move the other'end thereof up or down

in the {a1d meridian formerly drawn on the Cieling or wall,
untill by applying the fide of a° Quadrant to thac thread; it is
found tobe elevated equal to the Lacitud: of the place ;3 fo 1s that
thread directly {cituated parallel to che Axis of the world, and:
the point where the end of that thread roucheth the meridian ei-
ther on the Cieling or wall, is that poing in the dire& Axis fought
for, wherein fix one end of a thread, (whichthread’will be of pre-
{enc ufe in projeéting of hour-points in any place propofed, then s
. 7o find'the Hour-points ejther under the window, or anyother

convenient placein the Room.

Place the center of the faid Horizontal Dial in the Center of
the Hole or Nodus ; alfo (cituate the faid Dial exa&ly parallel to
the Horizon, and the meridian of the faid Dial in the meridian:
of the world, which (as before) may ealily be done, if at that in-
#ant you know the true hour of the day,) Then take the thread”
whole end is fixed in-a poine it the dire@ Axis, and move it to
and fro,until the faid thread doth interpofe berween youreye,and
the hour-line on the faid Horizontal Dial which you intend to
draw,and then keeping your eye at that fcituation, make a-peinc
or anark in any place where you pleafe, orunder the windoy, fo.
that the taid chread or (tring may interpofe between thar poing or.
mark {o made, and your eye, as aforefard 5 which laid" point fo.
found will fhew the true time of the day at that Hour ‘allthe year
lorg, the Sun {hining thercon, fo will that point, together with
the {aid thread, ferve to thew the hour, inftezd of an hours
line,

In like manner, the faid thread fixed in the Axis may be again
moved to and fro, uncilthe faid thread doth interpofe between the:

eye:



Dialling on the floor of 4 Rooms, ' 3

eye and afiy other hour-line defired on the faid Horizontal Dial
and then (as before ) make another point or mark in any place at
pleafure, or under the faid window, by projesting a point from
the eye, (o that the faid thread alfo interpofe between that point to
be made.and the eye, {o will that point fo found fhew the tuc
time of the day for the fame hour that did the hour line on the
{aid Horizontal Dial, which was{hadowed by the laid thread,

In like manner may be proceeded (by help of that thread, and
the {everal hour-lines on the {aid Horizontal Dial) to finde the
other hour-points which muflt have che fame numbers fet to them
as have the hour lines on the faid Horizontal Dial,.

Otherwile to make a Dial from a hole in apy pane of glafle in
a window , and to graduate the hour-lines below on the Sell, or
Beam, or on the ground, thathole isfuppofed to be the cemter of
the Horizontal Dialy ard being true placed, the ftile thereof, if
fuppofed continued, will'run into the point in the Meridian of the
Citlil‘lg'btfﬂrﬂ found, where a thread is to be fixed ; then letone
extend a thread faltnediin the center of the Horizontal Dial pa-
rallelly o the Horizon, over eachrefpective hour-line, ard hold-
ing it iteady, let another extend the thread faftened in the Meri-
dian, inthe Cieling along'by che edgesof the former Horizontal
threadand o this latcer thread will finde divers points on the
groundy through which if hour-lines be drawny and the Sun thine
through the hole in the pane of Glafie before made ,the {pot-ot the’
Sun on the ground fhallfhew the time of the day.

For the points that willbe thus found on the Beam or Tran-
fome, the thread fixed'in the Cieling, orinftead of ic a picce of
tape there fixed mult be moved foupand down, that the fpot of the
Sun may fhine upon ity andbeing extended to the Tranfoine or
Beam graduated with the hour-lines, asbefore dircéted, it there
fhews the time of the day,. Here note, thatit will be conveni--
ent te have that pane of Glaffe darkened through which that fpet:
isto fhine,

I like manner may a Dial be made froma nail head, 2 knotin:
o [tringtied any where a eroffe, or from any point driven intothe:

bax
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4 Dialling for the Weather.

bar of a window,and the hour-lines graduated upon the Tran-
fome or board underneath. e ha

To make a Refleéted Dial on the Ceiling of the Room isone-
ly the contrary of this, by (uppofing the Horizontal Diall wich
its (tile to be turned downwaids, and run into the true meridian
on the ground, where the thread 15 to be fixed jand to be extended
along by the former Horizontal thread (hr:r]'.d. over the refpective
hours as befose ) upward, to find divers pointsin the Cielibg, as
thall afcerwards be (hewed. '

——
e ——

Of Dialsto fland in the Wearher.

Thefe may be alfo made by help of an Horizontal Dil..

Rive two nails or pins into the wall, on which the edge ofa
D doard of comperent breadth may reft, then to hold up theo-

ther fide of the Board,drive two hocks into the wall above,
whereto with cord or line the outfide of the Board may be fultain-
ed,and this Board being Horizontalyplace the Horizontal Dial its
Meridian-line in the true Meridian of the world, If a Plain
look towards the South, the ftile of the Horizontal Dial contis
nued by a thread from the center will 1un, tnto the Plain , which
note to be the center of the new Dial, as allo, thag) line is che
new {tile, which muft be fupported with ttayes ; when you fix it
up-

By a thread from the center laid over every hour-line on the
Horizontl Dial, crofs the Horizontal line of the Plain, which
note with the fame hours the Horizontal Dial hath. .

The hour-lines on the Plain are tobe drawsn from the center
before found through thofe points, and fo cut off by the Dial, or
continuedat pleafure, : :

It the Center of the Dial be affigned before you begin the
work, in fuch Cafes you may remove the Horizontal Dial upand
down, keeping it (till to the true pofition or hour, till you finde
the Axis or flile run into the Center.

Bat



Refraited Dials. .
iButt if the .Plainlook into the Eaft'or Weft, then poffily the
Axis'of the Horizontal Dial will not meet with the Plain + in
fuch Cafes you mult fix a board fo, that it may reccive the Axis,
(the board being perpendicular to the Plain) this (tile or Axisis
to be falkened to the Plain by two Relts, the hour-lines may be
drawn by the eye, or fhadowed-eut by a Light ¢ Bringthe thread
that reprefents the Axis or {tile into any hour-point (on the Hori-
zontal Dial) by your eye or fhadow ; atthe fame time the thread
oz fhadow making marks on the Plain, fhews where the hour-
lines are to pafle.

After the fame manner any hour-line isto be drawn over any
irregular or crooked Plain, Furcher obferve, that any poifit in
the middle, or neerthe end of the ftile will as'well fhew the hour
of the Day, asthe whole ftile,
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Of Refraited Dials.

F you @ik up a pin or ftick, or affign any point jn any concave
Boul or Difh, to fhew the houryand make thatthe center of the
Horizontal Dial, affigning the meridian-line on the edges of
the Boul, point out the reft of the hour-lines alfo on the edges of
the Bouly and taking away the Horizontal Dialy elevate a ftring
orthread from the end of the faid pin faftned thereto over the
Meridian-line equalto the Elevation of the Pole or the Latitude
of the place ; then with 2 candle, orif you bring the thread to.
fhade upon any hour-point formerly marked out on the edges ot
the Boul, at the fame time the fhade in the Boul is the hour line..
And if the Boul be full of water, or any ether liquor, you may
draw the hour-lincs, which will never fhew the true hour, unlefle:

filled with the faid Liquor again,

mfl_-




T Trwewwwes
Refle&ted Dialling.

——

To dyav a Reflecled Dial 0n any Plain or Plagns, be they ne-
ver [0 Gtbout, and Concaue,or Convex, or any frregularity
whatfve et sthe Glaff being fixed at any Reclination at plea-
[ure, (provided it maycaft its Reflex; upon the piaces pro-
pofed. ) Together with all other ne:e{j’arj lines or furniture
theveon, ViZ, the Parallels of Declination, the Azimuth
lines, the Parallels of Altitade (or érapartiam of [badons)
the Planetary Hour-lines, and the Cufpis of thofe Houfes
which are above the Horizon, ¢ye.

1. If the Glaffe be placed Horizontal upon the Tran-
fome of awindsw,or other convenient place :

How npon the Wall or Cieling whereon that Glaffe
doth reflett to draw the Hour-lines thereen, although it
be never foirregular | or in any form wharfoever.

CONSTRUCTIO.

Ir(t,draw on Paltboard or other Material an Horizontal
Dial for the Latitude propofed.

Then by help of the Azimuth, or at the time when the

Sun is in the Meridian; orby knowing the tue hour of

Day, whereby may be drawn feveral lines on the Cieling, Floor,

and Walls of the Room: fo as in refpe@ of the center of the

Glafle they may be in the true Meridian-circle of the World s

For if right lines were extended from the center of the faid Glaffe

by any point, though elevated in any of thofe lines fo drawn, it
- would be direétly in the Meridian Circle of the World.

Now




Refletted Dialling from any Horizontal G lafe. 7

Now all Refle@ive Dialling is performed from thar principle
in Opticks, which is, That the angle of Incidence is equal 19 1
angle of Refleition. And as any direct Dial may be made by help
of a point found in'the direCt Axis, fo may any Refleéted Dial
be ailo made by help of any point found in the RefleCed Auxis.

And in regard therefleéted Asis for the moft partwill fall a-
bove the Horizon of the Glafle without the windew, fo that no
‘soint there can be fixed, therefore a point mult be found in the
{aid Refleted Axis continued below the Horizontal of the faid
Glafleyuncil it touch the ground or floor of the Room in {fome
part of che Meridian formerly drawn, which point will be the
point in the reverfed Axis d.fired, and may be found, as follow-
eth.

One end of the thread, being fixed at or in the center of the
(aid Glaflc, move the other end thereof in the meridian formerly
drawn below the faid Glaffe, until the faid reverfed Axis be de-
prefled below the Horizon, as the direét Axis was elevated above
the Horizon, which may be done by applying the fide or edge of
‘a Quadrant to the faid thread,and'moving the end thereof to and
fro in the f2id meridian, uncil the thread with a plummet cuc the
fame degree as the Poleis above the Horizontal Glaffe, and then
that point where the end of the thread toucheth the Meridian ei-
ther on the floor or wall of the room, is the point in the refltcted

~reverfed Axis fought for, :

Now if the Reverfed Axis cannot be drawn from the Glafle by
reafon of thejetting of the window or other impediment, that
point in the reverfe Axis may be found by a line parallel thereto,
by fixing one end of it on the Glafle, and the other end in the me-~
Iidian,ﬁa as that ic may be parallel to the floor or wall in which
the reverfed Axis-point will fall; and finde the Axis point from
that othey end of the lath : foif the fame Diftance be fet from that
point backward in the Meridian on the floor, asis the Lath, the
point will be found in the Reverfed Axis defired, 3

Thus having found a point in the refle@ed reverfed Axis; 1c1s
not hard, by help whereofand the Horizontal Dial, to diaw the
refleGted hour-lines en any Cieling or Wallbe it never {o coricave
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g Refleéted Dialling from any Horizontal Glaffe,

To do which : Firft note, that all ftraight lines in any projecti-
en on any Plain,doalways reprefent great Circles in the Sphere,
fuch are all the hour=lines. :

Piace the center of this Horizontal Dial in the center of the
Glaffe, the hout-lines of the faid Dial being horizontal, and the
Meridian of the faid Dial in the Meridian of the world, which
may be done by plumb lines let fall from the meridian on the Cie-
ling + Then fixthe end of athread or filk in the faid center of the
Dial or Glaffe, and draw it direltly over any hour-line on the
Dial which you intend ro draw , and az the further fide of the
reom, and there let one hold or falten that thread with a {mall
nail,

Then in the point formerly found on the rever(ed Axis on the
floor, fix another thread there (as formerly was done in the cen-
ter of theDiall) then take chat thread, and make it jult touch the
thread (on the hour-line of the Horizontal Dial extended )inany
point thereof, it matters not whereabouts, and mark where the
end of that thread toucheth the wall or Cicling, and there make
fome mark or point. :

Then again move the fame thread higher or Jower at pleafure,
till it, as formerly touch the faid fame hour thread, and nfark a-
gain whereabouts on the wall or Cieling, the end of the faid
thread alfo toucheth, Inlike manner may befound more points
at pleafure, butany two will be fufficient for the projecting os
drawing any hour-line on any plain y how 1rregular {oever,
For if youmove a thread, and alfo your eye to and fro, un-
til you bring the faid thread dire&tly berween your cye and the
points formzrly found, you may project thereby as many points
as you pleafe at every angle of the Wall or Cicling, wheieby the
reflected hour=line may be exa&ly drawn.

Avain, in like manner remove the faid chread faftned in the
eencer of the Hor,zontal Dial, (which alfois the center of the
Glafle) on any ether hour-line defired: to be drawn, and as be-
fore talten the other end of the thread, by admall nail, or other-
wile at the further fide of ths room, buc {o that the {aid thread
mayJie jult on the hour-line propofed o: be drawn on the Hori-

zontal,




. Reflelted Dialling froms any Horiaontal Glaffe. 9
zontal Dial.  Then (asbefore) take the thread faltened in the
poinc on the refleted Axis, and bring it to touch the thread of
the hour-line inany pait thereof}, anmark where the end of that
thread toucheth the fa:d Wall or Cieling #Then again (as before)
move the faidthread {0, as tha it only touch the faid thicad of
the hour-line in any other part thereof, and slfo mark where
the end of that thread toucheth the faid Wall or Cieling: So
is there found two points on the Wall or Cieling, being in the
refle€ted hour-line defired, by help of which two points the whole
hour-line may be drawn ; for if (asbeforc) a thread be fo feitu-
ated, that it may interpofe between the eye and the faid two
points found, you may make many points at pleafure, whercunto
the faid thread may alio interpofe, which for more conyeniency
may be made at every angle or bending of the Wall or Cieling,
be they never fo many : Sothat if linesbe drawn from point to
poiat, that faid refleéted hour-line will be alfo exadly drawn.

In like manner may the other hour-lines be drawn fo, that the
Reflex or {pot of the Sun from the faid Horizontal Glafie {cituated
in the faid window (as before) fhining among(t the faid reflet-
ed hour-lines drawn on the wall or Cieling, will exactly fhew
the hour of the day defired.

Now if lines be drawn round about the faid Room, equal to
che Horizon of the {aid Glaffe, it will thew when the Sun is in
or neer the Horizon,

To draw the «£quator and Tropicks on any Wall or Cieling
to any Horixontal refleiting Glaffe,

2 To draw the Reflelted « £quator or Equinoétial-line on the
Wall or Cicling, which repre[ents a greas Circle.

Ake the thread fixed in the Center of the Glafle, and
move the end thereof to and frointhe meridian line drawn
on the Cieling, untill by help of 2 Quadrant the faid thread
be clevated equal o the complement of the Latitude, (which will

be alwayes perpendicular tothe reverfed Axis) matking in the
K2 me-
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e Reflelted Dialling from any Hovizontal Glaffe.
M :ridian where the end of that thread falls, then on that point .
and the {aid meridian line on the Cicling ere& a perpendicular
line, which line may be continued on any plane whatfoever, and
15 the refleéted Equinoétial line defired,

Note that al] great Circles are right lines, & are alwayes drawn
or projested from a right line, |

2. Todrav the Tropicks. Note, that all Parallels of Decli-.
' unation are leffer Circles,and.are Conick Seltions.

T+, make or take out of fome Book a Table of the Suns Al-
Ftimdc for each hour of the day, calculated for the place or La-
“ titude propofed, when the Sunis in cither of the Tropicks,
Then take the thread fixed in the center of the Glaffe, and by
applying one fide of a quadrant to the faid thread, and moving
one end of irto and fro in th= hour-line propofed, elevate the faid
thread anfwerable to'the Sunsheight in that hour, when he 18 in
that Tropick you defire to dvaw, and mark where theend of that
thread to elevated toucheth in that hotir-line propofed. ' So may
vouin like manner finde a feveral point in each hour-line forthe
Sans heigntinthar Tropick, whereby a line may be drawn on
thz Wall or Cicling from point t6 point formarly made in ‘the
faid hour-lines, which the Tropick defited, ety v e,
In like manner may any parallel of Declination'be drawn': If
there be fir(t calculated a Table of the Suns altitude at all hours of
the day, whn the Sun hathany Declination propofid, whereby
may be drawn eicher the Parall:ls of the Sunsplace, or the paral-
12ls of thz length of the day.,

Todraw the pamﬂn’;_af Declivation to: any l’i‘cﬁe&ﬁéﬁ ¢ mof
eafily, by h:lpof a Trigon firft made on paft éurdaf s

other material,

FIx the Trigon to the refle&ed roverfed Axis, fothat the centep

of the Trigon may bé in the center of the Glafle, chen will the
Equinottial on the Trigon be perpendicular to the faid Axjs>
then take the thread fixed inthe center of the Glafle, and lay it .

along .




Refletted Dialling from any Horizonral Gla] & 1
along either of the Tropicks .or other parallels of Declination
required, which is drawn on the faid Trigon, which thread muft
be continued fo, that theend thereof may touch any hour-line,
and on that hour-line mark the point of touchy the thread being
ftill laid on the fame paralltlof declipation on the Trigon : jﬁ .
¢he ame manner finde a pointin each hour-line, Laftly, draw
a line by thofe points {6 found, which will' be the Tropick-line or
other parall 1 of declination, as the thread'was laid ony oirthe Tri-
gon. .

Taldmw the eAximuth-lines on any Wall or Cisling to any He- ..
rizomtal reflelling Glaffe. Note that all oAz imnths
are great. Circles,
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F.Irﬁ, find a vertical point, eicher above to the Zenith, or below

- X the Nadir of the Glaffe (by fome called a perpendicular or
plumb line) and mark in.what point it cuts the floor of the room,
which point I call the reflz&tad vertical poine, wherem the end of
a thread is tobe fixad : For by a poiat found :n the reflefted Ax-
is of the Horizon the Azimuths may be drawn, as by a point
found in the refledted Axis of the Equinoétial the hour-lincs
may be drawn.

Then on paftbeard or other material draw the points of the
Compaffe or other degrees, and fig the center thereof in the cene
terof the Glaffe,and the meridian thereof in the meridian. of the
world, as was fhewn in drawing the hour-lings, being careful to
place it horizontal. '

Then take the thread fixed in the place of the gla fle, and draw
it over any Azimuth, which is defired to be drawn, and at the
furcher fide of the Room faften that thread with a {imall nail asit
was in drawing the refle@ed hour-lines: Then take the thread
whofee end is faltened in the faid reflet vertical point, and bring
that thread fo as jult to touch the faid horizontal thread, and aug-
mene it, until the end thereof touch the wall or Cieling, and there
make a mark or point, . Inlike manner, move the {aid thread,
whefe end is faltened in the faid vertical point, higher or lowerat. .

¥ ?1%“ iy




T Refle®ed Dialling froms any Horizontal Glaffe.
pleafure, till as formerly it touch the faid horizontal thread, and
mark again whereabouts the end thereof toucheth the faid Wall
or Cicling : Now by help of thefe two points found in the re-
fle@ed Azimuth line, the whole Azimuth line may be drawn;
for if (as befere indrawing the Hour-lings) a thread be fo {citua-
ted, that it may interpofe berween the eye and the faid two pcilt's,
you may make many pointsat pleafure, to which the*faid chread’
{o fituated may alfo interpofe, which may be made ar every angle
or bending of tlic wall or Cicling (as before) whereby the reflect-
ed Azimuth-line defired may be drawn. In like manner may
the other refleted Azimuth lines be drawn,

Alfo there may be lines drawn parallel to the Herizon round
about the room, by help of the thread fixed in the center of the
Glafle,and 2 Quadrant for the elevation thereof, which will fhew
the Suns altitude at any appearance thereof.

Thus bave I (hewed the drawing of a Reflelted Dial from an
Horizontal Glaffe; with all the ufual fur niture thereon, though
the wall or place on which it is to be drawn be mever [o giboss or
irregular, or in what [bape foever,

New the Glaffe may be cxaétly firuated Horizontal, if you
draw a refleCted parallel for che prefent day, and know alfo the
true hour, and fo place the Glaffe, that the fpor or reflex of the
Sun may fall thereon on the Cicling, for there is no way by an
Infrument to do ity the Glafle is {o {mall.

Of
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Of Reclining Refleting Glafles.

Reflected Dialling from any Reclinng
Glaffe.

I {hall now fhew how to draw any Refleéted Dial,
with all the Furniture (that Yaﬂible may be) the Glafs
being fet at any poffible Reclination.

In the drawing of which there is principally tobe
confidered,,

1 The Reflefled Hortz05. |Note , the Horizon & Meri-
2 The Reflefled Meridian. dian are two great circles.
1t Tedrawthe Reflelted Horizon according to the fitnation of
any reclining Glaffe what foever.

F 1rfR, let two pieces of nealed wire be faftened on the win-

dow on each fide of the faid Glaffe,the ends thereof being
without the room in the air, at whofe ends let there be
! faltnzd a thread which may be pulled ftraight at pleafure,
by bending of the wire, then bend thofe wires upward or down-
ward, until the thread faftened at the end of each wire be exa&l
harizontal with the center of the Glafle, which maybe tried by a
uadrant : Then I tie a firing or thread crofs the room, in fuch
fort that T may frem molt part of thethread fee the refleting glafs,

and therein the {aid horizontal thread without the room : Then on

the faid thread crofs the roem, I tie a flipping knot to move to
and froat pleafure, which knot I move to and fro on the faid
thread, untilby looking in the faid Glafle I finde from my eye
the faid knotand part of the horizontal thread without,. all as it

wereina right line, the one interpofing the fight of the other.,
Thea
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Then being careful to keep the knotin that pofition, falten one
end of a thread in the place of the center of the reclining réfle&t-
ing claffe,and bringthatthread{o, as jult totouch the aforefaid
knot, augmenting that thread, until the end thereot touch the wall

or Cieling, and there make a mark or point, {oiis there cn:_pgin:
‘found on the Wall or ‘Cieling iin the Refle®ed ‘Horizon of the

World. Then I begin again, and remove the pofition of that
thread (which went overchwart'the Room) either higher or low-
er at pleafure, (ill having regard that 1 may from the moft part of
the faid thread (ee the Rﬂﬁc§1ng Glaffe ,and therein the fame ho-
rizontal thread without the rooim, Then, as before,I move the faid
kaot on the faid thread to & fro,until (as before )by looking in the
faid Glaffe I find from my eye the faid knot,and part of the Hori-

zontal thread both in one right line, the one interpofing che fight

of the other;and by the faid knot 1 brigs thatthread, whole end is
faftened in the center of the faid glafle, and keeping it jult to
touch the {aid knot, I continue ityuncil the end thereot touch the
Wallor Cieling, as before, and there I make another mark or
point; fois there two points found in the faid refleéted Horizon
on the wall or Cicling, By which faid two points, if a thread (as
before) be {o fcituated, that it may interpofe between the eye and
the faid two points, there may be many points made to be in the
{ame interpofition of the thread, which (as before) may be made
at every b-:nding or Engl: of the Wall or Cicling, whﬂrcby-thc
refle@:d Horizon defired may be drawn, by drawinga line from
point to point round about the Room ; Which wil be the true
reflefted Horizon according tothe fituation of the glaffe,

2 Todraw the Reflelted Meridian, according to the 'ﬁmnn’m
of any Reclining Glaffe whatfocver. -

g\ [rft, takea lath or thin piece of wood of any convenient
Fltngth at pleafure, as fome one and an half, or two foot long,

and ateach end thereof make a hole, the one to hang a thread
and plummet; and the other is to put a {mallnail therin tofaften it
infome part of the window over the center of the Glaffe, fo

that




Refleited Dialling from any Reciining Glaffe. 15

that the thread and plummet may hang without the room:  then
by help ot F}H—‘ Suns Azimuth you may draw the meridian line, (as
before ) as if the Glaffe were horizontal, and move the lath with
the thread and plummet at the end of it to and fro, uncil the
thread and plummet be in che dire&t meridian of the woild with
the center of the Glafle.  Then (as before) tie a thread crofle
the room, in fuch forc that from or by fome part of the faid thread
both the Reclining glatfe and the thread to which the plummet is
fatencd may be feen at one time.  ‘Then (asbefore) on the fard
thread, which croffes the room, I.tic a {lipping knot, which I
move to and fro on che faid ftring, until by looking in the faid
Glaffe I find from my eye the faid knot and fome part of the per-
pendicular thread without, all as it were in one right line, the
one fhadowing or interpofing the fight of the other, beang then
very careful to keep that knot in the lame pofition, then take the
thread (whofe end whereof being faftened in the faid center of
the Glaffe) and bringing it juft totouch the faid knot, 1 augment
that thread, until che end thereof touch the faid wall or Cieling,
and the {aid thread alfo touch the knot , as before: then in that
place where the end of the faid thread toucheth the wall or Cic-
ling, I make a mark, which mark or point will be direétly in the
reflected meridian of the world, according to the fitvation of that
Glaffe, Then again I remove that thread (overthwart the room)
on which the faid knot is, either higher or lower then it formerly
wasat pleafure, i}l having regard that from fome part of the faid
thread within, you may fee both the Reclining Glafle, and the

erpendicular thread without at one time 5 and (asbefore) move
the faid flipping knot on the faid thread, unul by looking in the
faid R eclining Glaffe, you fec the faid knorand fome part of the
perpendicular thread without in one right liney fo as the onc¢ (ha=-
dows or hinders the fight of the other, (as before) which knet
then muft not be removed from its fituation, then take that thread
(whofe end is faened in the Glaffe) and bring it to touch that
knot, theend of the faid thread being continued to touch the

wall or Cieling + o is that point of touch on the Cicling another
; ' L point
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16 Refletled Dialling from any Reclining Glaffe,

point found in the Reflefted Meridian of theworld. Soisthere
two points found in the faid Refleéted Meridian, on the wall
or Cicling; by which, if a thread (as before) be fo fituared, that
itmay interpofe berween the eye and the faid two points, many
points thereby in the faid refle¢ted Meridian may be made ate-
very bending or anglc of the wall or Cicling, whereby the Re-
fl:&ed mendian defired may be drawn, by drawing a line
from point to point obliquely in the Room, which will be the

true RefleGted Meridian of the woild, according to the fituation
of that Glafle.

Now this Reflected Horizon and Meridian being firlt
drawn, they will be of great ufe in drawing the Hour-
lines, together withall the furnicure that poffibly can be
drawn on any Diall,

To draw the Refleited Hour-linesto any Reclining Glaffe on any
plane whatfoever, that the Sun will berefleited o : By
belp of anordinary Horizontal Dial for
that Latitnde.

Irft, extend feveral threads from the center of the Glaffe (o
_ the extremity of the Refle€ted Horizon in the Room (which
for more conveniency and ule may be the {everal hour-lines, and
may allo ferve asa bed to fituate the Horizontal Diall on the Re-
fleCted Horizon) having regard to fituate the center of the Dial
on the center of the Glaffe, and the Meridian of that Dial on
the Refleéted Meridian of the World: Thento finde the poine
tn the Refleted reverfed Axis on the floor of the Room; Take
a thread, one end thereof being faftened in the center of the
Glafle, and move the other end thereof to and fro in the refle@ed

meridian under the Refleéted Horizon, until by help of a Qua~.

drant the faid thread is found'to be depreffed under the reflected

Horizon, equal to the latittide of the place,and where the end of

the:
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Reflebted Dialling from any Reclining Glaffe. 17
¢he [2id chread interfe@s or meets the Reflected Meridian either
on the floor ot wall; that pointis the refleCted reverfed Axis, as
was required. Tn which point faften one end of a thread, which
" thread willbe of great ufe in drawing the refleCted hour-lines en
any wall or Cieling whatfoever, * Now if thisthread, whole cnd
is faftened in a point on the reflected reverfed Axis, be taken and
brought to touch any partof any onc of the threads of the hour-
lines (produced to and faftencd in the reflected Horizon) the
faid thread being continued {0, as the end thereot may touch the
wall or Cicling, and alfo any part of the faid thread touch the
hour-line or thread propofed ; that point on the wall or Cieling is
in the reflected hour-line defired to be drawn : Alfo the other

oint in the fame reflected hour-line may be found ; If the fzid
thread, whofe end is faftened in the Reflected Axis, be brought to
touch fome other part of the {ame hour-thread propofed ; fo that
when (as before) the end of the faid thread toucheth the wall or
Cicling, fome part of that thread may alfo touch the houvr-line
defired, which point of touch on the wall or Cieling, is allo anoe
ther point in the faid reflected hour-line defired. By whichtwo
points fo found (as before ) the reflected hour-line may be drawn
by a thread, projecting by thofe points from the eye, as it was
formerly directed in drawing the reflected hour-lincs to an Hori-

zontal Glafle,

To drawthe Refleited Eqmmﬁfdf line, and alfo the Tropicks
on any wall or Cteling, to any Reclining Reflelting glaffe.

t To draw the vefletted Equinoitial line on the
Wallor Cieling.

Tﬁkﬁ that thread, whofe end is faftened in the center of the re-
clining glaffe, and move the othcr end thereof to and fro in
the f2id Refle&ted meridian formerly drawn, until (by help of a
quadrant) the faid thread is elevated above the rcfleéted Horizon

formerly drawn, cqual to the Complement of the Latitude,
L2 (whick




18 Reflelted Dialling from any Reclining Glaffe,
(which as before will be alwayes perpendicular te the reverfed
Agxis) and make a pointin the faid refle€ted meridian, where
the end of the faid thread toucheth ; then on that point and the

faid refle&ted meridian on the Cieling, raife a perpendicular line,
which isthe Refle&ed Equinodtial line defired,

2, Todraw the refleted Tropicks , or other Parallels of

Declination.

[rlty (as before) make or take out of fomz Book a Table of

the Suns Altitude for each hour of the day, calculated for the
place or Laticude propofed, when the Sun is in eicher of theTro-
picks,or other parallel of Declination: then take chat thread,whofe
end is fattened in the center of the Glaffe, move the other end
thereof to and fro in th: hour-line propofed,until by applying one
fide of a quadrant to the {aid thread you find the faid thread eleya~
ted above the refle&ted Horizon anfwerable to the Suns height in
that hour propofed, when he is in that Tropick or degree of De-
clination propofed. Which altitude required will be found in the
forefuid Table for that end caleulated, which faid thread being of
the elevation above the refl:&ted Horizon, as the faid Table dj-
re@eth : then mark where the end of the thread (foelevated)
toucheth the Wall or Cieling in that hour-line : {o is one point
found in the refl=Gted parallel of Declination defired to be drawn,
In like manner, find in the faid Table inthe fame parallel or de-
aree of declinarion what altitude the Sun_ hath at the next hour,
and elevate the faid thread, whofe end isfaftened in the center of
the Glafle, equal to the Suns altitude in that hour above the (aid
refle&ed Horizon, by help of the faid Quadrant, and where the
other end of the {ai1d thread fallech in the hour-line propofed,make
another mark or point., And {o in ke manaer-make the points
(belonging te that parallel of Declination) in the remaining hour-
lines, according to the {everal Alcitudes found in the faid Table
of A'tiules: Then drawing by hand a line to pafle throush
thofe (everal Pﬂinﬁ fﬂ' Fﬂuﬂd, as bﬁfﬂf’:j_ which line 1S thf I"Eﬂ:f&‘

ed




Reflefled Dialling from Ay Revlining Glaffe, 1o
ed parallel of the Suns declination defired. In like manner may
be drawn all or any other parallel of Declination, which may
have refpect to the Suns place, or the length of the day, asfhall
be defired.

Or,

To draw the [aid refleéted Tropicks, or other parallels of Decls
narion, without any Tables calculated, only, by help of 4
Trigon firff made on paftboard or other material.

Note that all Parallels are leffer ((ircles.

F[rﬂ (as E'urmcrl%' is (hewd in drawing the parallels of Delina-
tion to a Reflefting Horizontal Glafle) faften the Trigon on
the refle@ed reverfed Axis, fo that the center of the Trigon may
be inthe center of the Glafle, then alfo willthe Equinoctial on
the Trigon be perpendicular to the faid reflected reverfed Axis -
then take the thread fixed in the center of the faid Glaffe, (which
is alio in the center of-the Trigon) and lay it upon that parallel
of Declination; drawn on the faid Trigon, whefe reflected pa-
rallel is required to be drawn on the plane or Cieling: then
move the Trigon, the thread lying on the faid parallely until the
end of the faid thread touch any hour-line on the {aid wall or
Cicling, inwhich point of touch on that hour-line make a mark,
{o will chat point be in the refleGed parallel of Declination de-
fired. Inlike manner, wmove the {aid Trigon, fill keeping the
thread on the fame parallel, until che end of that thread touch a-
nother hour-line on the faid plane or Cieling, and thexe alfo make
another mark.And fo in like manner find a point in each hoursline
through which that refle@ed parallel muft paffe ; then drawing a
line to pafle through thofe feveral points on the faid plane or Cie-
ling, which linie is the refle@ted parallel of the Suns Declination
defired.

In Jike manner may be drawn any ether reflefted parallel of

Declipation required,,
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20 Reflebted Dialling from any reclining Glaffe,

To draw the reflefted Azimnurh-lines to any reclining Glaffe, on
any plane whatfoever that the Sun-beamswill be refleéted
on. Here note that eAximuths are greae
Cireles.

Irft, know thac the refle@®ed vértical point in the Axis of the

Refleéted Horizon, will dlwayes be found in the refleéed me-
ridian.  And look how many degrees the reflected Horizon dif-
fers from the dire¢t Horizon, fo many muft the refleéted Axis of.
the Horizon differ from the dire& Axis of the Horizon : Hence
the refle &ed vertical point, whereby the reflected Azimuth-lines
are drawn, may be thus found.

Take that thread whofe end is fixed in the center of the Glaffe,
and move the other end thereof to& fro in the refleéted meridian,
until by applying one fide of a quadrant thereto, you find the faid
thread depreffed jult 9o degrees, or perpendicular under the re-
fleCted Horizon; then make a mark or point whete the other end
of the faid thread toucheth the faid reflected Meridian on the
Wall, Ground, or Floor of the Room, which peint fo found js
the refle&ed vertical point defired, in which point fallen one end
of a thread :

Then on pafiboard or other material draw the points' of tha
Compaffe or other degrees, placing the center thereof in the cena
ter of the Glaffe, and the méridian thereof in the refle€ted meri-
dian of the world, which'faid pafiboard muft be allo fituated in
the rcflected Hotizon juft as the Herizontal Dial was formerly
directed to be fituated for drawing the reflected hour-lines :  And
as the threads from the center faliened in the reflected Horizon
were alfo the hour-lines on the Horizontal Diall, whereby the -
reflected hour-lines were'drawn:  So now the threads from the
center faftened in the Reflected Horizon may be the Horizontal
Azimuth lines'; whereby the reflected Azimuth-lines may be
drawn : Or if that thread which faftned in the center of the glafs
be drawn exactly over any Azimuth<line, the end whereof

beiug




Reflelted Dialling from any Reclining Glagfe. 2T
being faened by a mail or other means in the reflected Hori=
zon on the other fide of the Reom, there may {everal points be
found in the wall or Cicling, through which the reflected Azi-
muth line muft paffe, as followeth : |

Take that thread, one end of which is faltened in the faid ver-
tical point, and bring it jult to touch£he Azimuch thread former-
ly faltened, and continue ituntil the end thereof touch the wall
or Cieling, (and al{o the thread it {elf touch the faid Azimuth
it (clf, as before) in"which point of touch on the wall or Cieling
make a mark, through which point that refl2&ed Azimuth-line
muflt pafle.  Then move the faid (tring faltened in the faid yer=
tical point ,, fo that it may jult touch the faid thread again, buc in
another place:  thenas before, continue that thread, untill the
end thereof touch the wall or Cieling againy as beforey and there
make another mark, through which the faid refleted Azimuth
line muft alfo pafle ; In like manner may more poiats be found
for your further guide, in drawing that Azimuth-line.  But two
points being found will be fufficient.

To draw any refleited line by any two points fiwu over any plane
; wimt[ocver, witheut proje@ing by the eye.

Aften two threads in the place of the center of the faid recli-
Fning Glafle, drawing the faid threads ftraight, faltening each
of the other ends in the two refle&ted Azimuch-points for-
merly found on the wall or Cieling. Then fituate a-thread crofs
or thwart the room, {0 as ic may crofle thofe other threads from
the center, neer atright angles, and alfo. juft. touch both of them
in that fituation. By which faid chreadcrofie the room may any
number of points in the faid refle¢ted Azimuth-line to be drawn,
be found at pleafure : For if the end of another thread be allo
faltened inthe center of the faid Glaffe, making the other end”
theteof to touch the wall or Cieling, but fo that it may allo juft
touch the faid thread, which is fatened croffe the room, which
poing




2% Refleited Dialling from any Reclining Glaffe.
point of touch on the {aid wall or Cieling is another point in the
{aid refle@ed Azimuth line required to be drawn.  In Like man-*
ner may more peints be found at every angle or bending of the
wall or Cieling for the cxa@er drawing the refledted Azimuth
line required, which doth find points, whereby is drawn the fame
refleéted Azimuth line (or other lines )as was formerly done by a
thread fo fitmated, that it magaficerpofe between the eyeand any
two points afligned on the wall or Cieling.

In like manner, it the thread faltened on the further fide of
the room were removed on another Azimuth line on the faid
pafiboard, and then faflen it again on the further fide of the room
(as before) you may by help of the faid ‘thread faltened in the
faid vertical point find feveral points on the wall' or Cicling,
throvgh which that Azimuth-line will pafle ; So may you either
by this or the fermer way draw what Azimuth lines you pleafe,
either in points of the Mariners Compaffe or degrees, asyou
pleale, by drawing it firlt on paltboard, as before is direéted. |

And note gencrally, that fuch relation the point found on the
floor or ground in the refleCted reverfed Axis, hath'to the hour-
lines drawn on the Horizontal Dial, in diawing the refle@ed
hour-lines; The fame hath the Refle€ted veitical point found on

the floor or ground, to the Azimuths drawn on the paltboard in
drawing the refleCted Azimuth-lines,

To draw the refleéled parallels of the Suns altitudey or proporti-

ing e _ﬂmdﬁwr to any reclining gfgﬂ} on any Plane whag-
vever, that the Sun-beams will be veflefted on,

Here note, that parallels of Altitude are leffey
Circles, therefore are not veprefented
by a right lire.

Irft, know generally that what refpe& the parallels of Decli-

nation haye to the hour-[ines, fiich have the parallels of Al-
titude te'the Azimuths,

For if one end of a thread be faftened in the place of the een-
ter
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tet of the reclining Glaffe, and the other end moved to and fro

in any reflected Azimuth line; until the faid thread be ¢Jevared a-
ny number of degrees propofed above the refle&ted Horizon (chez
Elevation of* which thread being found, by applying a Quadiant
thereto, and making a mark or point where the end of the faid
thread toucheth the faid refle&ed Azimuth drawn on the wall or
Cieling, that point fo found is the point through which that Al-
micancer or refle@ed parallel of the Sunsaltitude muft pafle,

In like manner, remove the other end of the f{aid chread faft-
ned in the center of the Glaffe to another refle&ted Azimutha
line, and (as before) move 1t highCr or lower, unaull by applying
the edge of a quadrant to that thread, you find the faid thread a-
bove the refle¢ted Horizonthe {fame number of degrees fult pro-
pofed, and at the end of the {aid thread in that RefleGted Azi-
muth-line drawn on the wall or Cieling I make another mark or
point, through which the fame Refleéted Almicanter or parallel
of Altitude mult alfo paffe : And fo in like manner 1 find a point
on each reflected Azimuth-line, through which the fame parallel
of Altitude muft paffle, Then drawing by hand a line to pafle
- through thefe feveral points {o found, as before, that line is the
Reflected parallel of the Suns Alcitude propofed. In like man-
ner may be drawn all the other parallels of Altitude defired,
swhich will fhew the Suns altitude or the Proportion ef any fha-
dow to its altitude, at any appearance of the Suns reflex thereon.

To draw the Jewifly or old unequal houy-lines to any Reclining
Gla([e on any plane whatfocver that the Sun-beams will

bevefleited on. Here note that the Fewifh hostra
lines are great Circles,.

Tr(t,(by the Rules formerly given) draw two reflected paral-

lels of Declination of 16d. 55’y the onebeing neer the Sum-

" mer, and the other neer the Winter-Tropick : for when the

Sun hath that Declination, the day is 15 hours long in the Sum-

mer, and g inthe winter : Then (as is formerly directed) fituate
M




24 Refleéted Dialling from any Reclining Glaffe.
2 thread juft becween the eye, and thofe chree points in the faid
Reflected Dial, asis expreffed in the infuing Table, fo may you
thereby draw allor any of thofe Jewith hour-lines dghired, which
will atany appearance of the {porby the reflex of the Glafle a-
mong(t thofe hour-lines, fhew how many of the equal houts is
pat fince Sun-rifing, as wasdefired, Now in this Lacitude of
st deg. 307, Ifthe parallels of the Suns declination bz drawn,
boch when the day is g and 1 5 hourslong, that 15, when icis 164,
55, any of thofe Jewith hour-lincs will interfect the common .
hour-lines, eitherupon the hours, half hours, or quarters, ~ And
fuch a declination may be found, that it fhallfo do in any Latitude

defired.
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Todraw the Circlesof Pofivion to any veclining Glaffe on any
plane whatfrever, that the Sun-beawms will berefloéted on.

Oze.that all Circles of Poficion are great Circles of the
Sphere, and do alwayes interfect each other in that point ef
thz Reflected meridian which toucheth the Reflected Hori< 3
200, which may be called the common interfection 3 whiclr faid :
Ciicles of Pefition are reckoned upon the Reflected Equinoctial
both wayes from the faid meridian down to the faid Horizon :
The Horizon Eaftward being the Culpis of the firt Houle, and
the Horizon Weltward being the Cufpis. of the feventhy Houle
and the Reflected meridian the cufpis of the tenth Houfe.  So th'E:
thofe
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thofe Meridian-plancs, whofe Reclination 'is 60 degrees Welt-
wards, (being mcafured froin the ‘meridian in the Equinoctial)
lies in the: Cyfpis of ‘the eighth Houfe, ard 30 degr. Weliward
lies inthe Cuhﬁls of the ninch hbufe, and jo deg, Ealtward in the
Cufpisof the eleventh Houfe, and 6odeg. Ealtward in the Cufpis
of the twelfth Houfe ¢ which ave all the Houfes above™the Hori-
Z0n.

Now to draw any Circle sf Pofitiony or the Cufpis of any Hon e
on any Cieling or wall to any reclining Glaffess
done as followeth :

Fiilt, fafen a theead, it fuch fore, wichin the Rioom, asthat it
may intérpofe betweentie eye avid the'(aid corimon polnt of 1=
terfection on the wall or Cicling, and alio between thét poirit
where the reflected hour-line of 4 (being 60 deg, Weltwaid from
the faid Meridian ) interfects the rcfizcted Equinoctialalio on the
Cieling, whereby poirits may be made at every bendinig or angle
of the wall or Cicling, o which' the thread fo fituated ‘may alfo
interpofe, by which poincs the Reflected Culfis of the eighth
Houfe'may be drawn,  Tn like manner may the Culpis of any
other Houfe above the Horizon, as the oth, ot toth. whichis the
Meridian (ox Meditsm Cali) or 11th, or 12th. be drawn alfo,
Forif (as before) the faid thread be again fo faftened within the
Room, as thatit may alfo interpofe between the eye and the {aid
common point of interfetion, and alfo thofe points where the
refle€ted hour-line of 2 (being 30 deg, Weltward from the faid
meridian) do cut the refle@ed Equinoétial, whereby may be
drawn the refle@ed Cuipis of the ninth Houle. Ot where the
Reflected hour-line of 10 (being/alfo 30 deg, Ealtward fromthe
meridian)de alfo cut tite faxd reflected Equinoctial, whereby may
be drawn the Cufpis of the 11#h, Houfe. Or wherethe reflected
hour-line of 8 (being 60 deg. Eaftward from the meridian) do
alfo cut the faid reflected Equinoctial, whereby may be drawn the
Culpis of the 1 2¢h. Honfe. The Horizon alwayes being the Cui~
pis of the firk and fevench Houfes,and the meridian the Culpis ok
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26 . Reflected Dialling from any Reclining Glaffe.
the tenth houfe or Medium Ceeli : whereingenerally it 3s to be
noteds That inall planes which cut the common Interfection of
the meridian and Horizon, (as doth the Hnri‘mnt% and alfo all
meridian planes both Direct and Reclining) thefe €ircles of Po-
fition are all parallelto the meridian, and cherefore parallel each
¢o other. For look what refpect the hour-lines in all Direct or
Reclining Polar Planes, or Direct meridian Planes have to the
Adxis of the World: Such refpect have the Circles of Pofition,
in all Horizontal, or Dire& meridian or Reclining meridian
Planes, to the Axis of the Prime vertical: ~ Foras the hour-lines
" in the firlt are all parallel to the Axis of the Equinoctial, in whefe
Polesthey meet : So the Circles of Pofitien in the fecond are all
parallel to the Axis of the Prime Vertical, in whofe Poles they
alfo meet.

The reafon why Glafes refleét 4 donble Spot, i becan(e they are
polifbe on both fides, which may be r emedied with 4 Pumex-ffone.
Thofz that defire toread more of this Subjelt may [ee whai is
written by Kircher, in primitiis Gnomica Catoptricz, and [ince
hims by Magnan and others;
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