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Horoloviogrépbi;z 3
The Art of Dyalling, |

BEING

The Second Book_of the Ufe of the \

Lrianguler-Duadiant,

Shewing the Natural, Ar me._’qa‘"‘ Inftrd- |
mental way, of making of Swn-Dial;, on
any flac .‘311}7cr.mcs W .th plain and eafie
irect ons, to d fcover their Nature and

.c'\i"r‘cﬁitm\‘ oy the Horizontal Projeltion.

With the vay of Drawing the ufual Orna-
menars onany Plam : Alfo, 2 famliar eafie
Way to draw thofe Lineson the Ceili: 13 of

2 Room, L‘) the Tngvggr’gr Oymar:zrr. .

Alfo, the Uiz of the fame Inftrumentin |

NAVIGATION;:;

Both for Ob/ef’oat.'cm, and O[Jcme‘zan
Perform; ing

the ufe of feveral Sea-Inftiruments
fiall in nfe,

By Fobn Brown, Philomath.

London, prinred h\ ]'.Jn Dm';.., for Fobhn Win;

d L ufein ¢t m-L. J— ‘
Fryers ; and by 7 .L': rm atthe Sphear and |
‘-mr Dial i th e Minoriess and by 3 ,I,n Seller §
al ( Hermi rid ‘_il- arrs "{‘”“
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To the Courteous Reader:

N

S Hod bafl beve prefented to thy view
(Courteous Reader) in thes fecond

I’f‘r‘t, a platn difcouns[é of Dialling, both
\dtural, Artificial, ¢ Inftrumental.
I\.‘!atlll':ﬂ 1 call it from the plan illufira-
“on thereof, by the Armilary Sphear of
Yafs herein defiribed, or by the Poor=
Man’s Dial-Sphear, as 1 fancy tocall
“Cabeing only a moving Horizontal-Dial,
d a moving Plain,according to the Fi-
&ure thereof 1ri the Book annexed, wheres
Y all the Arks , Angles,Scituations and
Aifections, arevery plainly reprefented

' Yo an ordinary capacity. Artificial J
| Sall 1t, from the lrvely delineation of the

Horizontal-pr ojection,the fitteff inmy
Yinion for the making plain the mvflery
o Dialling, Inftrumental 7 cal 7z,
frame the applying of the Trianguler-
%adrant, to the ready refolving all the
Trithmetical and Aftronomical work

‘ A2 needs




Lo the Loticuus fuewdos
necdful thereunto 5 and that to competen
exatbc /., as inthe firft Part,and alfo 1%
this fecond Part s fufficiently [eens "
finding the requifites and delineating the
boisy-lznes to [mall parts, exattly € [pets
dily by the natural Stnes, Tangents a#
Secants on the Se&or and Quadrant.
Alfs.the ready nay of finding the Sun®
Alériude, Hous Azimuth :f::'”fe of'f’bg
1l ) <R 12y ANG |
Plain, and any Juch bafimefs relating 10
Dyalling, as in the firft Part 1s ,lmgf'{)'
freated on., |
Furtber, in this fecond Part you havt
Tabies of the Suns Declmation to evet)
d.-?-__'g of the years,1,2 ,& 3, after the Bl
fexttle, as near as any extent. Alfo:
Sbarts but plain direétion, how to ufe the
Trianguler-Quadrant, at any mant?’
of way of Objervation ufedat Seas ./;5
iiﬂ&/(_nfani or forward, as the Davis”
Quadrant, and the Crofs-ftaff is r{fé‘% ;
alfo, as Gunter's Bow s ufed both [
the Sun or Stars.
Alfo, haw 1t 75 afed, as a Cinteals 0

Traverfe Quadrant, wath the manie? °
workins




To the Courtcous Reader.
Works ny the jix ulual Problems of plain
éﬁi.f'z'u.if by the Natural and Arerieial
Ij“ie of Sines, Tangents, andc qual
Pargg and NWmbers s - and pla.n; y.and
“nveniently to apply it, to the refolving
Ibat /3:2,«-;;_’ G)--.rc?/}'wu, L;f LSI}[ ng {';)r the
Arel of agreat (ircle, to fhen Planly
the Lngz:u.rzf‘e; and Laittudes alteratign
tbe whalp (. ourfe or Voyaye.

The Prints of the Lines of Numbers,
U You fee here inferted,are i part accor=
1220 Mr. Windgates, as toa jingle
N2 brofen line of Numbers : But thé ad-
m:_m"” of the line of the Frattional paris
% & pound, and the feveral Gare-points,
ere wever befure ufed s 1 i of 5 bue
('{U much eafc & e,\"pws;";}‘:" the € veiations
Ly the Line of Neumbers, S tnes and  an-
Lents.. Alfoythefe S cales of Reduilion
@re contentent for phe finding the Decr-
mal-fraction, equal toshe other Sexaye-
nary-frattion, and are agreeable to thofe
Tables in M . Windgates Baok of A-
?-’fb::f’a;fzc{;‘, P?}“-';-_ gf. Fwiire' of 1he-Is
<A:fo note, that tnefrzure of mﬁ,_‘y\ule
Az at




To the Courteous Reader.
at ihe 5:’gi7ming Cf the Baok, ﬁaﬁm' oné
Roard,zs the very fame with that [poket
of Chap, XV, Ufe 28. pag.397» of 10
firft Part, and will work all S&Eﬂw”’r
wrosght by the Trianguler- Quadrantz
t0 excreife thew that are out of the wéf
20 have them made, andmay ferve
good direttions to the young 1 nftrument®
Maler, though thefe are made too t00
[#nall @ Radius to aryive at exaiinefs:

The likemay I fay of the Guater*
Lines tn the Figures annexed, yet #
large as the Book will bear.

Thus 1 bave given you a bricf acconnt of
my prefent Thoughes about this matter, a
[omsewwhat more particularly inthe Firfl P4
difclaming all boafling or vain offentatit®
knowing that at the next Impreffion'st mA) *
amended in many placesy I [ball reft and 17
main, ready to make amendsin the making of
thefes or axy other < Muchematical Irfir*
ments, at my Hosfe ar the Sphear and Sul”
Dial 5% the Great Minorigs.,

John BrownCe
Febrsary 16, '

1670
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CHAP. I
The uje of the Trianguler Luadrant,
IN

Making of D IALS.

and all kind of Plains are either Flat,
as Horizontal 5 'ox Uprighr,or Lean-
e,

The Horizontal hath two fmcs, the one
b:_ho‘dmrr the Zenich, called the Horizontal-
Plain ; the other, beholding the Nadir, as

the Cullh.n of a R')nl'll Is.

T*]E”P”'ff’” Plains; are thofe that make
right Angles with the Horizon, and do be-
hold *t:lthcr the Zenith or Nadn, but are
paralle] to them.

The merg Plains are of two forts ge-

nerally 5 the one called Recliners, behold -
ing the Zenith 3 the other ford called In-

A 4 cliners,

SU}:_Dm!s may be made on any Plain,
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R’

R
cliners, beholding che Nadir, as the ount=
{ide; and in-fide ot 'a Roof of a Honfe, may
repr:’:f(‘ll!‘a
Ihe two lalt forts; ‘wix. Hpright a’:ld
me’;'ng, may LeDiredt or Declining, w2
beholding the South, or North, or Eaft; oF
Welk Poinc of the Hotizon 3 or Declining
therefrom,, wiz. Declining from South, oF
Noreh, roward eheiBaft or Weft.

All which I’l.,:i(nls, are lively rcprei"cﬂf“.j
by a Sphear, made tor that pul'p-'{cl, in Brals
or Pafleboard; or by cheProjcCtion of the
Spheav in Plano, Thus; j

Equal to the Radius of the {malfer Tan*
gents, deleribe the Circle ES'W N- repr
{enting the Horizon; croffing it pregifely ™
the the Center Z; with the Lives S N
EW, denoting the Points of Sogch an
Norch, Eaft and Weft,

Then counting the (maller Tangei o tHe
Sector-fide doubly,, asrhus, calling ., 193
& 10,205 & 20; 403 & 30, 6015 & 49
803 & 47,903 &c. Lay off from Z; 10
wards S, - the complement of the Suns Me-
vidian Aldicude, in 5510V -and W' for
thofe Poiuts on the Meridian-line, : beewee?
Zand S; and confequently the half Tan-
gent . of the complement of the Suns Metl-
dian Alritude 1n every degree of Declinati
on, (if you prozecd fofar), ,

: # s Then
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_Then for the Ir[ueri'é&ians of all thofe
Lines and Parallels of Declinarion en . the
L 111*1':]‘.-1?_(1.1- of the Meridian, Obferve, That

€ fame number of degrees and minuts, that
My Point 15 above the Horizon on the South
Part of the Meridian in Sunimer, uft {o
Many degrees and minuts 15 his oppofite

aralle] jn Winter below the Horizon,

As thw for Example,

The Sun being in g5, or 23 deg. 31 min.
% Declination Norch, hath for his Meridian
2
Altitude 62 degrees, and fo many degree
S hi oppofite Parallel of 23-31, or vy, be-
9% the Norch parc of the Horizon, at mid-

Ughe, As thus s
Kt the Center, at the beginning of the
~Ieof Tangents, veprefent the Center Z
El_nd I'-.:t the Tau{_v‘@n[ of 45, ;'cprc‘lnf'nt the Ho-
1200 in the Scheam, wiz., S.and N,
Tben,
As the diftance from §. to ¥, 18 1§ deg.
taken from 45 roward oyand laid from
S. 10 wpinwards toward the Cenrer Z,
as the diftance was taken from the
Tangentof 45, toward the beginning
of the Line cf Tangenes; that repre-
{ents the Center
So the Point Cancer from N, is 1 § deg,
counted beyond. 45, toward the end,
below or beyond the Hoxizon,
i : -Ag“}lﬂ;
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Again,
AsS. o is 62 degrees from 45 towards
g, Qv
So is the other Point 62 degrees below Ny
taken from 45, vz, at 76 degrees?
which being laid from N, doth ove”
reach this little page.

So that to draw che Tropick of ¥, the
Point o5 being his oppofite, is 28 degre®
from Z, ot 62 dea. from S ; and the othe*
Point of v, on the North part of the MeX®
dian, is 62 degrees,counting from 45 doubly
alfoy or 28 degrees from 9o, the fuppal®
endof thé Tangent, which is nacurally 1
finite, being cthe Tangent of 76 dezrees; of
the Semi-tangent of 152, reading the T4
gencs ‘doubly from the Center 3 which ‘}
ftance from the Cener, to the Tangent
76 3 or as half-tangents, 152, laid from
gives the Point 1 onthe North-part of ‘[bc
Meridian, below the Horizon'y the M
berween which two Points of wp on @°
Souch and North pare of the' Mcridiat, &
the Ceurer to ' draw the Tropick of C4p™
corn.

Aagain, to illuftrate this diﬂ?culty,tﬂld}'aw
the Tropick of Canger, the Suns Mcndmn:
Alatude in 2, Ris oppofite figh 1s 1§ degree”

above the Horizomon the South pate f’f.th"
Meridiaf?




Ix
]\'icrir]iunj and 1§ degrees below the H_On-
“on, on the Norch-part of the Meridian,
Uiz, the Extent from the Center to the Tan-
Seitof 2 deg, 30min. orthe Sc_:ni-:a:_x-‘-
BNt of og, reading it doubly ; being laid
from Z, givesthe Point % below the Hori-
Zon 5 the middle berween which two Points
Sthe Center to draw the Tropick of Can
Cer.

Again, for the Equinoctial or Parallel of
V'3 the Meridian Alritude in V15 38-28 ,
Md the Meridian Alsitude likewile in 2y
Mis oppofice Parallel is 38-28 alfo; fo tha
It you count 38-28 doubly beyond 45,
Which will be at the Tangenr of 64 degrees
and 14 minuts, and take from thence to the
C‘-’ﬂter; this diftance laid from Z, fhall
Bive the Point £ below the Horizon, and th_c
the middle berween the two Points £, is
the Center to draw the Aquinodhial,

Then for the Hour-Lines 5 firft, for off
the Semi-tangent of 38-28 fromZ o P
and the Secant of 38-28 to the fame Radi-
usfromZtoL, and draw the Line L 45
Parallel o EW 5 then make P L a Tangent
Of 45 degrees, and lay” oft the Tangents of
15-30, and 47, froma L both-wayes, as you
fee in the Eigyure.

eAlfs, As the Setor i’tandﬂs, take out the
= Tangents of 6o aud 75 fevezally, and

= furn




12 |
turn them four times from L. both-wayes
and note thole Points with 6,7, 8, 9, 1%
1.

Lafly, Set onePoint of the Compaffes i
L, and open the other to P, and draw the
Line WP £ for the hour of 6, '

_ f’g-z:'n,

Sct one Point in 7-15 degrecs from Ly
and open the other ro Pjand draw the Howt™
] line § P ¢ 5 Sctthe fame Extent alfo in 7,
| 5, on theotherfide of L, and draw & |

Hour-line 7 P 7, @ the Figure fbeweth. |
Thea,

Ser one Point of the Compaffes in 8, 39
degrees from L, and open che ocher PO
to P, and draw the Hour-line 8§ P §, a0
remove it to the cther fide of L, and dra\‘!"_
the Hour-lne 4P 4 : And {o for all cher®** |
11 orders

| Thu fmvivg drawn the Figures 5 to dr#’
Lines therein, which [hall truly reprt”
[2nt any Plain whatfocver , obfervé *
following Rules,
1. The Horizontal-Plain, is rCP!'Cl—cﬂth
by the Circle E.S.W.N.
2. A dirett South oy Nurth-Diall, 15 ¥
prefenced by the Line E.Z.W. '

f ) [
2. A South ar a North decfmmg-”ﬂ"" !
= repres
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ed by the Right-linc 60 Z 6o0,whofe
¢S ar¢ at Cand D, declining 30 degrees
'm§, or N. toward E. or W,
b 4. An Eaff or Weft Plain, 1s rcprc{entcd
¥ the Meridian-line of 12, wiz, §, & N

rfprel_'-:nt

5. A Polar Plair, isreprelénted by the
hoyy of 6, wiz.the Line E.P.W.

6. An Eguinottial Plain, is reprefented
b}" the Equinoétial-line E.E.W.

7« Any Dirett Reclining, or ]?f:?h‘m-ﬂg-
Pl'vu';:, between the two laft, is called, A di-
*elk Recliner, whofe Poles arc alwayes in the

etidian, and’ are reprefented by any Re-
Sining Circle, as the two Circles W. . E,
and E, ®.W. do fhew,

S. An Eaft or Weff Recliner or Incliner,
Teorefented by the Circle N.F.S.

B e Dam-.';'fair;g and Reelining, or Incli-
¥ng Polar-Plain; that is, it fo Declines and

tclines, or Inclines, as to lie parallel to che

ole; as the Ciyele $P 8 doth reprefent.
10, A Declining Reclining-Plain , that
lo Declines and Reclines, as not to fall inthe
Pole or Equinoétial, as generally they wiil
do, as the Circle 60 G 6o doth reprefent,
Which Declines from the South-eaftwards,
and Reclines 62 deg. which kindi of Plains
are various atid infinite, yer confined to fix
Varietics, 7 &3

¥ }
a8 aiterwara,

Nom
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WNow, the way of Drawing thefe Scheam!s
to reprefent thefe varieties, # briefty
this, bythe Seitor.

Fitft,to the Radius of the fmall Tangen®
diaw the Circle NL E, S. W, oblerving th
Method, ifit be a South Recliner, to fec th€
letter N above, and E on the tight hand 3
and contrarily, in North Recliners ; for we
meddle not with Incliners cill afterwardss
(and alwayes obferve, thata Souch Inchin€f
is the fame with a North Recliner, and the
caritrary ) then crofs that Circle with w0
Diametets, precifely in the Center, as che
Letters fhew s thenaccording to your Plains
Declination from Norch or South, towar¢
cither Eaft of Welk, fet off the Declinat®
on with 2 Lineof Chords or Sines, as befor¢
is thewed ; and draw chat Line for the Per~
pendiculer Line of the Plain, and laying the
fame diftance as much from E. and we
diaw another Line Perpendiculer to ¢he
former, rcprefenting the Plain; then, on
the fit{t Line, wiz. the Plains Perpendict
fer, lay off from Z, the half Tangent of the
Plains Reclination from Z to E, and the ha't
Tangent of the complement thercof from
Z to Q_the contrary way 3 and the whole
Tangent of the complement chereof fromZy

contrary to E; on the fame Line, extende
for




1
a Center, to ctltraw the Reclining Cirele -
At reprefents the Plain,
Laﬂ[y, You muft draw a Cixcle through
and P, (P being alwayes the Semi-
Ngent of the complement of the Latirude
4id 3]y ayes from Z roward N for the North
ole) {o 25 to cut the Primitive Circle NE,
W _ into two equal parts, as isfhewedin
the roch Propofition of the third Chapter ;
Bt of which Line, doth reprefent the Stile-
e of the Dial ; which laft work fhall be_
An fhewed in the Example.

o

th

Example.

Todraw the Scheam for & Plain, Decli-
%ing from the South to the Weft 35 de-
greess and Reclining 20 degrees, for
the Latitwde of §1-30.

T Firf, to che Radius of your fmall Line of
- 0gents, being the Latteral diltance from
e Center to 45, ( or larger if you pleafe )
Taw the Circle NL.E.S.W. reprefenung the
Onizon, croffing it in the Center with the
I'mesN.S.&f W.E. for the North and South,
and Eaft and Weft Lines.
Thex,
I :l'ake out the lacteral Tangent of half the
Stitude, giz, 19-15, for 38-30, calling the
Angent of 10, the half Tangent of 20 C.!,
an
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and lay it from Z ac the C-lenter, to P for the
Pole-point.

Then confider the Declination of you!
Phain, and which way, as here 35 deg. -©
from the South towards the Weft ; take ot

the Chord of 35 deg. and lay it from Sto G |

and from W to A, and from N to D, af
from Eto B, for the more exat drawing®

the Lines A B, CD ; theLines CD rep® |

fenting thie Polesof the Plain, and the Lin¢
A B the Declining Plain it felf; then fro®
7 towards D, lay off the Tangent of x0 dé5
( being the half Tangeat of 20 degrees,°
given Declination) to E.

Alfo, Take out the Secant of 70 degreess
the complement of 20, to the fame Radius
and that laid from the Point By on the L
D C produced, fhall be che Center to dr3%
the Circle A F EB; that teprefents the D¢
clining, Reclining. Plain, that declines 35
degrees, and reclines 20 degrees. Ao, Lay;
off half the Tangent of the complemient o
the Reclination, wiz, 35 degrees ( for €€,
Reclination is 20, the complement wherce
is 70, and the half of 70 is 35 ) from
to Q.
Then to draw the Ling QPy do this5
_Obferve how many degrees yau count from
2. to chie Point E, counting from che Centets

. - -
€oune [O ;mﬂ}' 111 ‘:h(’ manlict 01 I'I'JI': 'T:lll 5
?l(“j‘,'.',"
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fﬂnts from 453 andLrhe latteral diftance fvoi
€ice to the Center, laid from the Center
» 0n the Line C D, gives a third Point,zizs
1€ Point '3 which chree Poiats, QPI,
| ught into a Circle, will cue the Circle
NES,W. into two equal parts,
Or thus 5
., The Semi-tangent of the complement of
e Reclination to 180 degrees, laid from Z
| %0 the Line CD, will find the Poinc I,
As thw
| The Reclination is 20, the complement
| 79 being taken from 180 refts 110, whofe

] hag 1555, the Tangent of Z I,

' Or more briefly thws 3

" Sec ofe Point of the Compaffes in the
' Mall Tangent of 4, and count the Recli<
“@on from thence in the way of Semi-tan-

| 8%t5, both wayes, both above and under
455 and lay one, viz. thacunder 45, from

0 Q3 andthe other, wiz. that above 4§

0m D20 I's then on the middle Point,

} Stween Qand I, laft found, raife a Pers

Pendiculer to C D, and in that Linc will be -

the Center odraw IPQ,,
Alfo,

X you count §1-32, thelatitude on the
¢ of Tangenss from 45 forwards (as
“Ni-tangents ) and lay icon the Meridian=

i Line
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Line NS, produced from S, it gives 3 4%
Pocto draw IP QL
Or, 3
Yau may ufe the ‘Geometrical ‘way, 1
Chap,3.Prop.10. by drawing theLine QB
and then a perpendiculer Line o QB, ot
the Point B, tillit interfe& CD inT pro=
duced : The Pole of which Circle QF P, #
‘ in the Plainac Y, found by laying 2QU#~
: drancfrom HtoK, and drawing the Lif¢
LK. .
{‘- The Scheam thus drawn, then AGT*
prefents the diftance on the Plain, betwee!
the Meridian and Horizon, G E .the co®”
plement thereof, or his diftance from the
Plains perpendiculer 3 P F the Stiles Eleval |
tion, F G the diftance of che Subftile ant ’
thie Meridian 5 the Angle ¥ P Gy the 111'511’ !
nation ot Meridians, E F the diftance of che |
Subft:le from the Plains perpendiculer, P
the diftarics on the Menidian of the pla®®
from the Pole to the Plain. ot
Thus you have the Definitions of DIALY
and the way of Drawing the general 1
particular Scheams for Dials 3 v'.flmch_'ﬂ“|J
be further slluftrated in every particala®
Dial, wiz.in 16 fores of Dials, wherem
i fhiali be as plain and. as brief asthemattet

. will bears |
i : CHAP |
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taseasasesssasys

T Draiw the Fow-Lines on ::fl
Ordinary Dials s, the eafief}
i the firft place. e

Y. And firftfor the firfl Equinioétial-
DIAL.

N Equinoftial Plain, asbefore is (hew=

A .ed, 115 thar whole plain er flat Super-
fcies Ligch parallel o, the Equinottial, and
" reprefented by the Ling W £ E in the ge-
Jeral Scheam, and therefore needs no ocher
Scheam tq Zeprefent icy;, In-which Dial all
& Hourslines ate eqnal-ene; to. the other,
Selag , juft 15 degrees aflunder 3 fo that to
faw, the Hour-lines here; deferibe a Circla
% the Circle 12 6. 12.6. and fic the Radic
%1 the Sine of 130 degrses (or the Chord
~ 60 and take out the parallel Sine of
¢ degraes 30 minuts, the halt of 15 degiees,
B 2 ! and




25 ] .
and number it from 12 round about, and
thas fhall_divide the whole Cirele. into 24
equal parts, for the 24 hours; for the true
Hour-lines on the Equine&'ai-p!ain, aild 15
the famein all latitudes; only in the fetti6
of it,the Poles of it are'to be fet due Nort!
and South; the Horizontai-line on € 2
Plain, lyingParallel to the Eaft and welt
points of the Horizon, and the Scile ther®
of, only a2 Wyre or fharp Edge flandio

rpendiculerly. ‘on the Center ; which be-
mg fo fer, muft point directly to the North
(and South) Poles of the World. The re=
clining Dials-Stile pointing ro the Nort™
Pole, and the inclining Dials-Scile pointiné
to the South Pole; then is the Dial trily

placcd.

Ty fet a Plain (or totry whether a Pll'.,’:
be [et ) Palary or Parallel to the Eq¥
wnottial, do the

i Set thC Tr;dwg#[tr-&dad'rg,,g mg‘ctf!ﬁf}

( by putting the Tennons of the Loofe-piec
into the Morcife-holes ) and on the Centet
hang a Thred and Plammet, and apply th:
Moveable-leg to the Meridian-line on £/

. Phain (which on all dirett Plasns is the fam
with the Perpendiculer as here ) wich ¢

Head-end uppermoft ; chen if the Thglb

¢ |
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falls right on the complement of the latitude’
the Plain lies parallel o the Equino&tial, or
elle not, :
Bur to try the Inclining Plain, apply tha
I‘Oofe- piéce go the Plain v.gich the L{EE d-end
Ownwards 3 or elfe apply: the Hoad-lea to
the Plain with the Head-end downwards,
and the Thred thall.cut.on 38-30 in Log-
% latitude, if the Plain befer parallel o
the Equinoctial,

2, Todraw a Direlt Polar-Dial,

D_The next Dial, thall be a Direft Polar-
S *al, which is reprelented in the general
hearm by the Hour-line of 6, iz, the Line
W 5 And here allothe Horizontal-line
n the Plain, is parallel to the Eaft & Weft-
Poins of the Horizon 3 and the Pole (or
Ot oppofite to thg Plain ) is in the Equi-
10&ial-point.
he Hour_lines, in this Plain, areall pa-
'ﬁ“_EIS, becaufe che Axis; or Stile-line, inall
- THins, js parallel to the Poles of the World 3
and this Plain it {elf, being fo parallel, the
tile o Axis therein makes no Angle; there-

; i‘;;e the Hour-lines muft needs be parallels
0, !

B3 A
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. Udwdrhe way of drawing thofe Hopr-

Lines, # thus 3

Fift draw the Perpendiculer-line on the
Plain, swhich isidenie chusby the Triaight
Ler--Quadrants Hang a Pluminer and Thr¢
-on the ‘Center, andapply the Mt)w'eablﬂj155
to'cHe Plain, t and fro, tillthe Thred 5%
neacly on 60jo, and draw that Ling alofd
by rhe Moveable-leg, wiich fhall be a crue
Horizontal-line' onany rechining plain 3
and 2 Perpendiculer-line chereunto, is the
pedperthiculer Lune om the Plain,

V£ >inam oriy »O# elfey - !

When:the Sua fhiheth { the Sun bff—’a‘”,s
in ithe'Poleof the Plain ) hold /up aThred
and/ Plidiméty dll: chd fhad ow.of the THE
fall onithe Plaitimaking two Points inchat
fhadawt at: che (remotefl diftance afouder?

thena Line drawn through thofe two potn®
frallbea cine Pdrpeiidiculer-line, (this fhall
'iveed novinoreRepetition). e
 LITiNS is generalforfpr gt Plains,but o
Realingrs, the Suntmuft be in thePole
¢he Plaingthen thefhadow of the Plumb- S
1sthe Perpen1dicuirﬁT‘iiis'De:pcndicu']er'l.‘nc
in thefe Plains, ought to be juft in the n¥
thereof, being the Hour-line for 12 3 dra®

5F - 3 orie
alls, acany conyenieht diftance, twe Hor
zontase

}
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Zontalfinesy Pcrpen:l-jculcr to the hour ¥2 3
then confider wharHours fhall be the firft
and faft Wousywhich in no latitude can well

€ more than 1o hours, wiz. from§ inthe

Morning till 7 at mght, wiz. § hours on'a
ﬁdc; then take the meafure on rhe Plain,
fromyix 2 in cheHorizontaliline, to thesplace
thar you mrend: for 7 org, and make it a
== Tangenc bf 7§ ;" then 15 the Sector. fer
toa fir Radius, to fir add fill the Plain with
the hours you refolve to puton.

T hen,

The: feveral — Tangentscof 6o-44, 30
& 15, Jaid both wayesffom 12 on both the

orizongal-lines , {hall giye you Points
Whereby to draw all the Hour-lines in their
true places.

- Alfos _
The — Tangent of 4¢; fhallbe thexrdz
br(fadth of “the Plate that miift be a Stile'to
This Digl; or the length of an upright Wyre
“Cany wherein the Line 32, ,

i Nore,

That (forthe hoursunder 45, you may
fake == g5 from the firiall Tangentsy :and
Make jp'a = Tangenr of 4§ in the greac

angengs 5| ahd then take of = Tengent:6;
308 30, for2 8 xo 3 and the = Tangent
Of g forrxx & 1 ¢ and if you'wantthem
00ve . e, «thén take the = Tangar of

B 4 62
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6o & 6o from thé' En:.llJTaugents,aﬂd turn
that Extent 4 times from x2 both wayes, 011
both the Horizontal.lines, and thofe fhall
be the Points for 8 in the forenoon, and 4
afternoon,
And lafily,

The — Tangentof 75, taken and parned
4 times from 12 to 7 in the morningsand ©
s intheafternoon, will fit and fill a Plan
of 4 footin breadth, with a Sector of 0n¢
foot, fhut,

3 Todraw a Divetl £ast or FPeit-
DIAL,

The next Dial, in the third place, is thé
Direlt Eaft or Weft-Dial, which is reprefen”
ted in the general Scheam by the Lin®’
N Z S, whole Poles arein the Ling E Z W
whofe Plain alfo is = to the Pole, & draw®
in the fame manncer as the Polar Dial wass
yee with this difference, the Equino&lﬂl‘
line, whereon to prick the hours, is not the
Horizontal-line, but is thus found.

Fisit, by the 3d of the gth Chaptery ©F
2d of the 18ch Chapter, D:aw a Horizontat”
line on the upper part of the Plainyas A B3
and divide chat Line into 3 parts, counting
onethird part from A to Cj chenon C,as
a Cenrer, draw a Semi-circle as large as you

' can,
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Qn, as AEFD; ' which diftance of the

ompafles, make a —Sine of jodegreess
and take our the Sine of half the lacirude,
and lay it from the South-corner of : he femi-
Circle'at A, to E 5 and draw the Line CE
for 6 2 Clock hour-line: Then lay the =
dine of half the complement of the lacitude
rom the North-end of the ‘Semi-circle ac
D toF, and draw the Line CF for the E-
Quinodtial-line, and another =to'it. ( Oy,
yon might draw thefe Lines by the 7rian
Iuler- Ouadrant, by applying the flat-fide to
the Wall, and making the Thred to play on
38-30, and §1-30, counting from 6c|o on
the Loofe-piece and Moveable-leg, as by ap-
Plying it, you will fee better than many
Words can dictate). Then having the Equi-
Nodtial-Jines, and the Hour-line of 6, ap~
Point alfo the place where 1 or x1.fhall be,
N make that diftance, ez, C 1, in the
Wtﬁ,di3|, or C 11, in the Eafl-dial, a =

ngent of 75 degrees; and the Sedorfo
“f; lay off the — Tangents of 75, 6o, 453
and if you will not move che Seétor, take
= Tangent out of the greac Line that is
Yight againft 30 & x5 in che listle Line of
angenrs, or fee, by the—= Line of Lines,
What the great Tangens of 30 & 15 is, and

*AKE ane 4.th part,
‘ Tha 5
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Thus 3

You mdy take the Tangents under 453
when the Seétor is et to the {mall Tangents
and by turning 4 times, - you have the 1€~
maitider of the greav Tangent-absve 45 3
whett the Seor 1s fet tothe great Line ©
4%yasin the Polar Dyat.

b oQrelfes
<Alrer'the Seckor to the Radius 'of 45

thegreat Tangesnt that goes but'to 45, and
rake outthe = Tangents of 30 and lay*
feom & bothowayes, for 4 883 and the =
Taneent of 5y and lay *iefrom 6, bof
wayes, for.7 85, :
? And lafily,
"By all thofe Points, draw: Lines:==to 6y
% |  for the Hour-lines required3s andi numbef
oh¢ Baft-dial with the morning-hours, an®
" the Weft with the afternoofi-hours,the guile

is'tobe a Plate, or an upright Poiney the toP
of whofc edge, or point, is to be equal to th®
TFarigent of 45, as the Seftor ffood 1o pric
down the Hour-lines,

b

Oy

4. To draw the Horizontal-Plaire

LT he fourth Plain nexe, in a nacural Qrdcr
of cafinels to apprehend as I judge, 18 the

Hvrizontal Dialy that lies with its, plain =
to
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0 the Horjzon 3 and: the Zenich 3s the Pole
thereof, reprefented by the primitive Circle
‘N_E.W. in the general Scheam, wherein
‘:“(liy the ‘Hour, Arks, and:Sule is requi-
ed. ! 2

The Stiles Elevation is alwiayes equal fo

the Latirude, and therefore givien’y the Sub-

leds alwayesdnthe Hour 12, being the
¢ridian-line. i

The Hosr-lines are found by this ge-
neval Canon ; ‘

AstheSine of 9o, the right Angle PN 1, See the
tothe Sineof PN, afide alwayées e- Gf;’"“"
qual to the Laticude or Stiles eleva~ 3™
tion gI—gO ;

So isthe Tangent of the Angle NP 1,
1¢; or NP 2 30, &c. the Angles
at the Pole, to the Tangentof N1 a
fide, or N 22 fecond fide, the feveral
Hour-arks on the Plain required ;
found by the Artificial Sines and Tan-

gents, as faft as one canwrite them
down. &

Thaes 3
_The Extent of the Compaffes, from the
Sn_m of 9o, the Sineof the latitude 5 1-30,
ting laid the fame way from the Tangent
Of x5, fhallreach tothe Tangent of 1x 505
nd if you turn the Compafles the other way
from
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from the Tangent ]c:>f x5, it fhall give the
Tangent of 716, for the hour of § as W€
as 1Y 5 which Numbers being gathered int?
a Table, and laid off by Chords or Sines i3
Semi-circle, fhall be the true Hour-poin®
to draw the Lines by,

Buc I fhall not infift further thereon, bU°
fhew how to draw it more readily, and?*
truly by the Setor, thu s . ;

Firft, draw a ftreight Line (in the Mer-
dian, if the 'Plain be fixed ) for 12, as e
Line A B; then defign a Point in that Lin®
to fesve fora Center, asat C 5 thien on th°
Center C; ereéta Perpendiculer-line to A P
and draw it through the Center C, for €
two 62 clock Hour-lines, as the Line D E?
then draw twoLines equally diffane’ frofs
and = to the firft Line AB, on e.her fid
as large as the Plain will give leave, as D
and E G5 (.which may commonly fervefor
margents to put the figures in).

Then,

Take the diftance C D, and makeit 2 =
Secanc of 00, and take out the. — Secant r?f
the complement of the latitude, and lay 1€
from D to F; and from Eto G; on the gwo
Parallel.Lines, and draw the Line F G.

Then laflly,
Fit DF, or EG, asa = Tangent of 4f>

#nd take out the = Tangentsof every 3 dc?é
b inal, : .
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id 45 minuts,  counting from" 4§ ; and
Cloﬁng the Compaffing, and lay them bioth
“’a}'L‘S, from both the fixes, on boch the
= Lines, for all the morning hours from 3
Yo and for all the afternoon hours and
Qarters from 3 to9 3 then take out BE,
B G, and make this alfo. 2 = Tangent of
45, and rake out the former = Tangents,
d lay cthem both wayes from B, on the
In¢ F G, for the mid-day-hours and quar-
lf‘?: from ¢ to 3 afternoon ; and by thofe
Points draw for the hours and quarters re-
quired_
For pricking down the Stile, Nore, That
e = Tangent of 38-30, the complement
O the Jatitude, as the Sestor ftands for the
90n houss, laid from D to H, gives a Poine
O dra it truly by ; or the Sine of §51-30
the Jatitude, laid from B at neareft diftance
out 1, as the Sector flood for the morn=
Ng-hours will do aswell, The Stile is to
beq Plate, or 2 bended Wyre, cut or bended
3cording to the Angle H C B, and ereced
rpendicularly on the Line 12, fo long, as
e Sun being 62 degrees high may caufc the
dow thereof to reach the hour of 12
nd then fer duly North & South,and Hori-
Zontal, the fhadow will fhew the true hour

°f the day, Note1he Fignre. %
ofe
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Note alfo, Thac[ a '}{ar}unml Dial draws
for any one latitude, may f{ceve for any o
eher latitude North or Souch, eleyating o
deprefling the Stile, ill it look to the Pole-
poinc; that is, by making it to reclin®
Northward, or Southward,. as muchas the
difference of the latitudes, wiz.. that the Dial
was made for, and that wherein ig is to b€

uled, thall be.
S+ Todyaw a Novth or Sonth Plain.

- The next Plain to this, and moft like it
is the Direft North and South Diat; whole
Plain lies = to the prime Virucal, or Circle
of Eaft and Weft, and its Poles in the Sovth
and North part of - the Horizon, and rep®;
feated by the Line EZ W, in the generd
Scheam, whofe Stile is alwayes equal to the
complement of 'the Latitudey, as the Hor!"
zontals was equal to the Latitude, and €on°

feguencly given,

The Hour Arks op the Plain, are found 1)
the former Canon, viz,

As the Sine of 00, viz. the Angle P Z 5
15 to the Sineof the Side P Z, the Co-

_laricude or Sriles Eleyation ;

Sois the Tangent: of the Angles atthe

Pole EP 1, £P2, &c, to the Tan-
gcnt:‘-

|
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gentsiof the Sides Z1; Z2,Z 3,
&rc.
b The Arks onithe Plain, found as before
*¥ Artificiat Sines and Tangentss and be=
| o8 drawn into'a Table, to belaid off by
QhOrds, or Sines, or by che SeSor,
Thus 3 4
Drawa Perpendiculer-line for  the Sub-
fhlji, or 12 aclock Line; and 'in that Line
“Elign 2 Point for a Centet; ' asthe Poinc A,
Wthe Line AB 5 through which Point A
faw anothet Line, crofling the former at
thght Anglesy for a Horizontal-line, and
the twofixes; as you did in the Horizontal 3
N, on cach fide,and equi-diftant from 12,
;‘?Eke two Lines — to A B, as marginal-
Nes, as CFand DE 3 The diftance AD,
% the Parallel make a =Secant of ¢o, and
ke oue che == Secant of § 1- 39, thelaticude
? the :place,’ andlayic trom CtoF, and
'omM D to E, and ‘draw the Line FE 3 then
akeD F a Tangant of 45, and lay off the
ours and quarters'as you did in the Hori
%oRta] in all refpeéts.
eAlfo, i

Make BFa="TTangentof 45, and lay
the = ‘Tangents: of every hour and
MMarters (if you pleafe) from B, both wayes,
‘Oward Eand F 5 and by thofe Poiats draw

Wnes for the hours required.
- The
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North Rnfy 4000 for 5i:30 4
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by Sines, Tangeats, or Chords, as before 15
{hewed, to the quantity of the complement
of the Latitude, and may be 2 Plate ox
Wyrey as you pleafe, asthe Angle G A B.
The North Dial is the fame with i€
Seutoy, for manner of making, only the
Noon-hours are negletted, and e Mofi®
ing and Evening-hours, both before and at”
ter 6 on each fide only inferted ; and ¢he
Cencer of the Dial for that caufe appoinff-‘
in the middle of the Plain, and not onhe
upper-part, asin the South, and che SE}IC'
points upwards ( asin the South it [)011“5
downwards). . Nore the Eigures,

6. Todraw the Honys on a Djrelt
Recliner. .
The next Plain to be confidered, beins
alfo Direct, but not Ere&, or Upright, bue
Leaning from you; and may be eicher®
North or South Recliner
That i thus;

As the Poles, of a Diredt Souch Plain, a1¢
in the meeting-point of the Merid1an
and Horizon, wiz. the Point S. inthe
general Scheam ; and the Point N, 12
the fame Scheam, is the Pole of the
North Plain; and the Point Z, is the
Pole of the Horizoatal Plaine So

2 .
- The Angle of tl%msStilj!: may be laid oft |
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So the Poleof thele Plains is a Point ‘in
the Mendian, elevated as many de-
greesabove theHorizon, as the Plain
fhall recline from. the. Zenithy of tips
right toward the Horizon, '

As thas 5

Suppofe the Houe-circle of 6 in thege-
Neral Scheam, to reprefent a Reclining Plain,
the Point Ay 1 the Meridian, is the Pole of
. being as many degrees above the Hori-
“on §, as P is below the Zenith Z.

Soalloiis P the Pole to.the North Recli-

Ning Plain W A E; - for the Point P, is as

Wuch above the Horizon N, as /& is below

the Zenith Z.

Thus you fec what the Pole of a Plain
Jleans, wiz, a Point 9o degrees every way
fom g, f

Now therefore Nogth Diret Recliners
have their Poles any where between Z & N,
and South DirefF Recliners have their Poles
My where between Z & S, according to the
‘grees and minuts of their Reclination,

This being premifed, for drawing the
Tour-lines, obferve, That for Souch Recli-
"ers Direit, the difference between thie Re-
“Unation and the complement of your Lati-
Wde, 35 alwages the Stiles heighe for that
Yeelining Plain,

C But
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Bag wote; That when the Reclination
more than the complement of the Latitudt,
thav then the conitrary Poleis clevated, iz
the North Pole on Sorith Recliners.

Bur for North Recliniers, the fum of the
Co-latitude, and the Plains reclinarion 152
wayes the Stiles elevation;  but notc; whe
the Sun is above 9o, then the complemel”
to 180 isthe Stiles elevation ; but it
be turned the otherway, wiz, contrary w
the nature of a North Recliner, for't
Stile will look downwards in the North Re”
chiner, and upwards in his oppofite South
Incliner.

Note alfo bythe way,T hat when the Soutl,
Recliner reclines equal to the complement ©
the Latieude, it is called a Direct Polat
Dial, or racher an Equinochial in refpect ©
his Poles, ( bu¢ T mind not to be fingular )-

And when the Reclination of 2 North
Recliner, is equal to the Latitede, .chen thf
Stiles height s juft go deprees 3 and
Plainy called an Equino€tial-plain, or rather

Polaryin refpect of hisPoles, ( being firft 19
order treated on). '
it concel”

Thus underftanding; and 1ig
ving-‘what the Plains are, thedrawing =
any of them is ehie fame with the North an
South ; for che Stiles heigh isalwayes t

=]

gogmc
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Dunted the complcmcnt of the Latitude,
d by confequence you have the Laricude.

oAs thus for Example. Comparing the
reading, and Figure VII,

Suppofe 2 Plain recline from the Zenith
“ward the North part of the Horizon 10
dt’grcas, his Pole 15 10 degrees above the
"Ic’l'ilon; and then 1o taken from 38-30,
there remains 28-30, for the Stiles Elevari-
5 or the Latitude to draw ic asa Hori-
“onta] Dial; and 61-30 for the Latirude
°F which place you are to draw a Diret E-
TG Souch Dial,

Again, 3

Suppofe a SourhRecliner, recline ¢o des
8rees, being more than 38-30, the Co-latis
Hide 3 then take che Co-latitude from
sience, and there remains 11-30 for the
-atiude or Stiles hicight, to draw a Hori-
“ontal Dial by ; and 78-z0 for.a Latrude
% draw a South Dial by 3 but the Cock muft
ook up to the North, therefore muft be
Wrued che other way, :

Again,

For 2 North Recliner, reclining 60 de-
Bleess 6o & 38-30, added, makes 98-30,
Whofe complement to 180, is §1-30, the

2 Stifes
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Stiles ‘height 5 but the contrary” way, <
you may well perceive by the Horizoneal.

As once more thus

Suppofe ‘2 North' Plain recline 85 d‘f‘_
sreesy that, and 38-30, added, makes
¥23-30 ,- whofe complement o 180, ¥
§6-30, the Stiles height : but puc the con=
rary way, as a South Incliner, being a]mot
s Horizoneal Dial; fo that to draw this
Dial, ler §6-30be the Stiles heighe, of C":
latitude & then, 33-30, 15 the Latitude i
draw a Direct Souch Dial by-

Or,

Youmay count the Stiles height the La-
titude, and then draw itas a H:)riZ.OI“ﬂ:
Dial, . by taking out the Secant of the &™
htimde; and the work will be the fﬁ"r'c:
Asmn the Fi‘g.urc North Reclining 60 de
grees,

7. Todraw a Direst Eaft or Weft=
Reeliner,

This Plain being a Direét P]ain_ﬂ[loy 3”‘{
taking no cognizance of Declinatiof, I
therwife fhould have come after); 1507 )
an Faft or a Wefk Plain, reclining of fals

a [0
< .

ling fram you ; or inclining, or falln.-;u ‘
} 2




you s and the Polﬁ'g ZJF thefe Plains are i
the prime Vertical, or Circle of Faft and

Neft, as the other were in the Meridian 3
and this Plainis reprelented by the pricked
Circle N F 8, reclining 45 degrees, whofe
Pola is 4t:€@_45 degtees above W 3 for the

rawing of which, it will not be amifs, buc
Very convenient to draw a particular Schean

by ‘the laft Rule in the 17 Chaprer:

s o As thm s ‘

With 45 degrees of the fmall Tangents,
taw the Circle NLE.S; W, croffing it ifithe
Center with the Lines W E, $ N then lay
off the half Tangent of 38-30, from Z to
'3 -and the half Tangent of the Reclina-
Uon 4¢. from Z toE, and fromZ o Q_,
and draw the Circles NES, and FP Q_3
W which Scheamn, PF repreflents the Stiley
E G, the diffance .of the Eubf’tilt trom the
Meridian, and GPF the Angle berween
the two Meridians , @iz, ZPN of the
place;- QP F of che Plain,  All which re-
Quifites are thus found out by the Ascificial,

or Naral Sines and Tangears,

~

C3 C %, And
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x. And frf} for the Stiles Elevations

As theSine of o N Z, to the Suie of
Z E, the Reclination 4¢3

So isthe Sine of NP the Latitude §1-3%
to the Sine of P E, the Stiles heights

33-37.

2

Towork,this by the Trianguler Qna-
dranty orSeltor, dothws ;

As — fine of N P, the Latitude 5 3-3%
to =finego Z E;
So'is =fineof ZE, the Reclination 457
" ‘to— fine of PF 33-17, the Scl
height,

2. For the Diffance of the Subfiile fro®
12, thuwsy by eArtificial Sines and
T.wgmu.

‘As the Tangent of the Reclination, Z E
45, tofineof EN 903 .
Sois the Tangent of the Stiles elevation
PF 33-37, tothe fineof FG 41-49

the diftance of the Subftile from 12

Ors
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O?; by Natural Sives and Tand
gents, thms

As — fine 90, to = Tangent of the Re~

clination 45 3 ' :

Sq js — Tangent of the Stiles height

33-37, 00— fine of the Subftile from
12, 41-40- For,

If you only take the Tangent of 33-37,
from the Moveable-leg, and meafure iton
the Sines from the Center, it fhall reachto
the fine of 43-40 » the Subftiles diftance.

Tem 12,

3, For the Inchination of Mersdiansy
thus 5

As the fine of the Latitude NP §1-32,
tothe fineof PFG 905

Sois the fine of the Subftile from 12,
GF 41-40, tothe fineof GP F §8-7,
the Angle between the two Meridians.

By Natural Lines thus ;
As — fine of the'Subflile 41-4° GF,
co = fine of the Latitude §3-32 NP5
So is — fine of 90 PFG, to'mm fincof
GPF §8-7, the Indiner. :
C 4 It
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IE chis Rule fails, ufe a Iefs Radius, or %
= An{weryas is largély fhewed before.

Thiss having foé;:d the Requsfices, pro-
cezd todraw the Dial thus i

Firft confider the Scheam, where yoU¥
{hall find the Reclining Plain to be repre*
fented by the Ling SEN, as the upper-ﬁdge
thereof'y SZN is the Horizontal-line an
Meridian-line alfoy N or G is the place
wheré the Meridian cuts che Plain, being 0
the Horizon ; Therefore hiere the Hour-lint
of 12 isa Herizontal-line, and the Sunbe”
ing in the South part of the Meridian, dotf
cafthis thadow Northwards ; and being if
the Eaft, cafts his‘fhadow Weltwards ?
Therefore laging the Scheam before you, %

“the Plain recling frém you, you fhall fef

that the Meridian muft lic co the right-hand
from Z, toward N; “and the Subftile up-
wards from N; towards E; atF, “ And the

_ the Stile muft look pwards, as the Angle

GPF doth plainly thew 5 .and the mors-
ing-houts are chiefly fit for the Plain, be-
caufe théSun rifing Ealtward, is oppofite t0
the Phain. Thus the Affections and Scitua-
tions ofthe Cardinal-lines are naturally and
demonftratively fthewed; the Delincacion
followes, DS e = Firfty
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FEirf?,

Draw the Horizoheal-line S N;andonZ,
2 Center, defcribea Semi-cigleas SE N,
d from N toward E lay off 4140, the

1P(ﬂ'nct:‘: of the Subftile from 12, and draw
the Line Z.F for the Subftile 5* -alfo beyond

A, from Fto E, prick off 33-17," and

%W thae Line for the Stile-line.
hen for drawing the Hour-lines, you
MR firft make the Table of Equinotials
"ances, or Angles at the Pole, rhre 5
irft, ‘in all Direét Plains, it is orderly
hus ¢ 3-4s, for the firft quarter of an hour
?Dm 123 7-30,for half anhour; x1-15,
°F three quarters; and 1§ degtees for an
h(}ur; and fo fucceflively to 9os  Soalfo
Al ie be iy 4 1 Plains, whofe inclination of
tridians is juft 1 , 305 45, 605 75, oOf
90 dearces, bé]il';g eimf W};tllﬂ hours; and
fear as well, when it falls on an cven quar-
e of an hour alfo, Bu when it doth not
15 here, then the beft Rule or Method I
Now 15 thus
Firft, fec down 22,11, 10,9,8, 7, 6,
f: 45 3, 2, 1,8 12, asin the Table follow-
g,

. Then right againft 12, fet down the In-
Bination of Meridians 5 then fubfira& 15
- degrees

e




T every
dow?
1oty

2
degrees for every bour 3 and 3-45 fo
quarter, asoften as you can, fercing
the remainder ; then draw a Linea-
and what the laft number remaining wafl?
of 15, 0r:3-45 ( for hours, or hours an®
quarters) {ev down on theother fide bele®
the Line, as ‘you [ee in the Table following
and fo proceed, adding of 3-45 t0° 1
fum, for every quarter 5 or, £y degre® 4
every whole hour, till you come to 9© bot
wayes ; foisthe Table of Hour-Arks 2¢ the
Pole, compleated for all Hours that e
come on this Dial, or on any other.
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The T able,

o §2 8 ox 53

2 88 07 oy 38
84 22 09 22
80 37 13 o8
76 §2 7 -36%3
17307 20 38
6o 22 24 23
65 37 28 o8
6ry2 |6 3r53
32 5807 35 38
54 22 39 23
59 37 43 o8
4652 15 46753
x1 43 07 50 38
3922 i4 23

© 35 37 58 o8
31 §2 4 6153
10 28 07 6y 38
24 22 69 23
20 37 73 08
1652 |3 7653

9 13 07 8o 38
09 22 84 23
of§ 37 88 c8
c1§2 2 9143

Thus




Thus you fee t’él:jtl;]c Subflile falls 0P
near 2 quartérpaft 8, or g3 hours3 q,_.m:cri
and better” from 125 then if you willy
the former Canon, you may find all o4
Hour-Arks on the Plaif,
Thes 3 P/
Ashthehﬁne 90, to the fine of the Seiles
eight 33-273 ’
So 1s the 3’13‘af:gczxt of the Hours, if e
Table laft made, called Arks, at e,
Pole 35-53 for 6, to the Tangen*:
the refpective Hour-Arks at the P\
from the Subftile 90-a for 6, !

More brsef thus 8
Asthe fineof 90, tothefine of the sule
Elevation 3 -

So is the Tangent of the Hour from
to ‘the Tangent of the Hour from &
Subftile.

Which being brought into a Tubles _Iﬂnf
be pricked down in' a Semi.circle by Sin®?
or 2 Line of Chords, from the Subftile ot
the Plain

Bur I prefer this Geometrical way before
3t thus »

3 : - ile
Having drawn 12, the Subftile and 3“1‘;
ta
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Sraw alf 2 Line at any convenient diftance
Mallel o 12, 25D 15 then at any conve-
e diftance from the Center Z, draw a
e Perpendiculer to the Subftile quite
ough the Plain,as the LineK L,
| Then,
. Take the nearcht diftance from that meet-
g Poinear B, to the Stile-line, and make
3= Tangent 0f45‘ s then the = Tangent
9 every hour and ‘quarter, as in the Table
faken from the Scétor, and lid fromF the
Yight way, as the hours go, {hall be the true
Olts whereby to draw the Hout-lines re-
Quired,
. But in regard ‘that this ‘way ‘will fome-
Hime be troubled with Excurfions in fome of
'C hewrs, you may help it thus; Having
"awn fome hovrs, as fuppofe 6 & 3'; or
G &9 orindeed any 2 hours, 3 hoursdi-
ance aflunder; ashere 6 & ¢ ; take the di-
ance between 6'and o, and lay it from the
Center to Noon the Meridian, and draw the -
Lige 9 N ==to:6'at length, beyond 123
Then, as before, make 6-9 a — Tangenc of
45, and lay off every hour and quarter, as
W che South Ereé Dial, both wayes from
6. Alfo, make N 9 a =Tangent of 45,
and do likewile laying the hours both wayes
from N, and you thall have Points encugh
1Q draw the Dial by. O:her-
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Eiherwife, make thefe Dials thus.

Count the complement of the Lat_lwde
where the Dialis to ftand, for the Latstndts
And the complement of the Reclination fof
a new Declination; and chen draw them @8
Upright Decliners by the following Rulets
and you {hall doaswell and fpeedily asany
way. But sote, Thatall Ealt Recliners, 3t
Norch-eaft Decliners ; and Weit Reclinerss
are North-welt Decliners; And Eaft ané
Weft Incliners ( being che under faces) at®
South. eaft, and South-weft Decliners,

Aifonote, That if you draw your Sehea®
true, and large, you may from thence Geo*
mctrically find the Subftile, Stile, Inclina=
tion of Meridians, ard every hours diftanc®
on the Plain, by Scale and Compals, th# 3
£s Captain Lankford hath thewed. g

Farfty For the Siiles Elevation fer off 4

) O\uadrant of quayter, as W IN. from B to I;

then a Rule laid from Z 0 1, cuts the Plain
at A then a Rule laid fom A, 0P &F;
cuts the Cireleat O and Ly The Ark O Ly
1s the Stiles Elevation, and mcafused by fi€
Chords, gives 33-17. _
Secordly, For the diftance of theSubftile

from 12, a Rulc laid from Qo F, cutsthe
Limb

e —— i




. 7
Lig or Circleat "M‘f r.h]e Ark M N mea.
1“.“(1 on fit Chords, gives 41-40, the Sub-
bl from 55,

Tbird[y, For the Inclination of Meridi-
WS, 3 Rule laid from P to A, in the Limb
SVesC . the Ark W C 587, isthe Angle

®ween che two Meridians.

E 03#:};[7, “To find the Hour-Arks on the
: Ia‘“s a Rule laid from Q_to the inter{ect-
Ng of every Hours Ark ( 11 the Scheam )
d the Plain as here, a Rule laid from Qo
S, cuts the Limb at R, the Ark M R 19-0 is

€diftance of ¢ from the Subftile on th_e

laiy s 3nd fo for all others, as 52 & 6 15

60-40, both hours and quarters if you
Ve them truly drawn on a large general
“€am, a5 Mr. Lankford hath donc.

Thus much for Direét Plains, both Ereit
0 Reclining, before I come to fpeak of
Decliners ; It will not be amifs to fhew
how to find the declization of & Plain, both

y the Sun. {hine, or w ithout, by a Magneot-
@l-Necdle, as followeth,

79833550 00000000808

CHAP.
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CHAP., I

To find the Declination of "
PLAIN.

Or finding the Declination: of 2 Pl.alﬂr
the moft cafie way is by a Magneti©@™”
Needle, fitted according to Mr. Faules W32
in the Index of a Declinatory (as he C?‘l_h“
being 180 degrees of a Semi-circle, dwmf‘
on an Oblong-Board, or Quadrant,  © g
longer Needle ina fquare Box, (or) ﬁt?fl
with Hinges and a Cover ; after all whichh
wayes, you may have them madeac the figh
of the Swn-dial in the Minorses, by ¢ l’i
Brawn 5 oxof any other manner you h#
think fic.
But, to our Trianguler Quadrant,
Box and Needle alfo to be firced of anothet
form, in (ome things more convenient.

is 2

Whofe form is thus
Firft, in a picce of Box § inches long
. 2




1Y e ; e A :
. = Vtoad, and 6 tenthsof one inch thick;
?ba ole made near 4 inches lone, 1 inch
~.%ad and 4 tenchs deep for a Needle to
“’?3; o 4 about go degrees at each end ;
oL bra(s-h'mgcsj‘ and a cover, and abrace
iy cep the lid upright;& an Axis of Thred,
.3 Plummet playing in'the lid, and a
7044l and a South-dial, drawn on the
th“-‘i and Cover ; al{oa hafp and glafs to keep
¢ Needle clofe covered, and on the bottom
iun Cveone tenth of an inch deep, ‘made
B 25 broad as one leg of the Sector is.

The ufe wheyeof 5s thus $
t},_pu't, your Box and Needle, on that leg of
eétor, -as: will be moft convenient for
he Purpofe; the Nor h ot crofs-c_ndr of
30;1 I]\ICEdlg-mward the Wall, when it s a
v th decliner 5 and the contrary when it
izmpP-IYCd toa North decliner, asthe play
o oF the Needle wili tell }('-u'bn:l:{cr than
uﬁm)’ Wor dSsl then open or clofe the ‘Rlll.f.',
the Need._c Play righr over the Line in
ri"“.b,olcom of the Box, (unlefs there be vax
Won, - then you muft allow for ir Eaft=
Vards or Weftwards what it js). Then, I
%5 the quantity of the Angle in deercesand
Mg the Sector fands at, -above or under
90, is the degrees and miuuts of Declinatie

D on 3

Our




g T
ons being counted from oo in the li
Semi.circle, as complements to the Anglé
of opening; as in the 4th#fe of che 5T |
Chapter is largely and plainly fhewed.

Thus you have the quantity of degre
and mifats of Declination + but - to defer” |
mine whicl way, confiderthsms ;

T the Needle will fland fill in € |
middle, when the North-end is coward £
Wall, then che firft denomination is Sout”
if not North. ’

Again, d

When you know where Norch 27
South js, you may refolve which way tE
Eaftand Weftis;  For, obferve alwayes:’
the North be before you, then the Eaftis "
the right-hand, and the Weft on chelef?
and contrarily, If the South bebefore yoU2
the Weft is on the right-hand, and the E?
on the left.

eele

2 Thesn, a

If the Sun, being in the Faft-point Of_ch"
Horizon, can look on the Plain, it 35 *
Sotith-eaft Plain 3 bue if it beholds ic whe?
inthe Weft-poiut, it is a South-weft P laxts

Likewife

1f the Crofs. cndkof {la,e Needle will nof
ftand toward che Wall (the Necdle playins

well) and the Sun being due Eafl beholds
: ghe
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DePlain, thien it is fgma]ny degrees North-
¥t bue if it canmot look on the Plain,
f“}g due Eafty; then it is a Noreh-tielt
0, declining fo many deg. as the Sector
; Wdsar, under or above 90, being alwayes
= complement of ‘the Angle the fegs of the
“or {tand ar, and found by taking the
%le che legs ftand ar, from 90, when the
“gleis Jefs than 90s
Ory .
Taking 90 out of the Angle, when it
0ds ar an Angle above 90 degtees; as a
{ﬁu at the lictle: Semi-circle on the Head
SWeth,
Example.
S“PpOfe Tcome:toi'a Wallyand putting
© Box and Needle on'the Legof the Se-
W?r’ and applying the other Leg to che
l'a (orona {treight picce of Wood, ap-
Pvii‘cl to the Wall, beeaufc of the Walls un-
tnnefs) 5 and opencor clofe the Legs; till
li;eN:{:File_ playes' right over th; Meridian-
th, 2 Grawn ?n the borrom of (the Boxy
thenﬁ Iay, the complement of the Angle
cgs ot the'Sector flands at, being al-
Vayes what it: wants of, or isabove 00
tl:’Erces, 15 rh? degrees of Declination 3 and
+ Coaft which way; the Needle and Suns
Ung Eaft and Weft; cells you
D 2 For,
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For,
i . dfthe North or Crofs-end of the Nef{dlf
4 be toward the Wall, it isa South Pla?
and if the Sun, being -in the Eaft, can be-
hold it, then it is South-eaft; if nof
South-weft Plain.

:' A ready way of connting the Angle
found, may be thus 5

Take the — diftance between Center and
Center, in the middle of the inner™° .
lines, and lay it latterally from che C‘-'”tf:;
and co.nt two degrees more than the i
f fheweeh, after the manner of Chords fyof_’:
j 90 (at the finc of 45) toward the COlﬂPaH }
point, and that fhall be the degrees an
minuts required,

Example. ¢

Suppofe the Legs are fo opened, chat ‘h_5
i —diftance between the two Cenrerss m?k:;
i the — fine of 253 then, I fay, the L 1
' doftand at an Angleof go degrees, # |
k the Legs at 48, rwo degrecs lefs, che |
i plement -whereof is 42 as if you Coulj;'
‘ thus from 4y, you will find, 4° from 4'51‘.,

- 2
L

10, 3§ is 20, 3015 30; 2§ 1549, apci
defireds

jiid

g | grees more makes 42, the thing
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Bat,

If you like not the abating of two de-
Stees, then the — diftance taken mft be=
Ween the two leos Fight againft che Cen-
I, fhall be juft the —— fine of 24 degrees,
T 42 counting after the manner of Chords,

iz, every § degreesonthe Sines, for 1o on
the_Chords backwards from 45 of the Sines,
Vhich is 90 in Chords.
G2 2ot

I you ufe the firfkRule, of the 4th Zfe
g the gth Chapter, wiz. by taking the —

e of 30, and pucone Point of the Com=
}’.:‘I]ES it the middle Center in the Tangent-

Sli?e’ and apply the other to the Line of
i '3, you fhall find it reach to the fine com-
Suene of the Angle the Lines ftand at,
Y% 40 degrees and 2 degrees more; viz.
32,5 the Angle or thing defired 5 as pra-
' with confideration will make eafie.
| dt_[,hus, by the Needle, you may findche
W;‘ﬂanou of a Wall, which in cloudy
‘ ther may ftand you in good fread; or.
| Prove g declination taken by the Sun, to
| govent miftakes. And if nothing draw the
tedle from its right pofition, but that ig
[ia}- well, znd you find the Angle truly,
oy May come to lefs than half a degrec:
D 3 And

§
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And chis convenienge i hath, that it carries
the Needle a compeegne diftance from _Ehg
Wwall; to prevent that ateraltion ; but‘t'r It
happen to be {o near a Meridian,or Eait 3°
Woeft-plain, thatthe Angle, by the Sectory
cannot well be taken; cthen you may o83
apply the fide of the Box-and Needle © [,li
Wall, and the Needle i felf will fhew it
Declination, on the degrees on the botto™
of the Box. : :
Yet for evaéthels, the way by the Sun 18
alwaves the beft, where }:g'p._ may comé
makea good+Obfervation, and then the
eedle only is not to be trufted to ; 2!
ter way with opportunity offering it felfy

To (#d + Declinationof aWall by
the Sun.

For this purpofe you (muﬁ 05-) ough!_ro
have enother Thred and Plummer, whe
Thred may be afing cven fmall Pack- threes
and 1¢ is convenient to have it ready hang*
up near the Wall, fo far off, as the Trsa#g"’
;r';:--Q::.:r!r:m: may P;;‘l; aim:; hetweER 4
and the Wall, that you may not be croubl®®
to hold itup, and lay it down, and P*
anricyed with the inconveniencies of yow
hond thaking, and time wafling, to mos®

& Alfts

e
ungzitainty channeedsbe,
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Alfo,

You muft needs take notice of the two
Li‘es'idiaus, wiz. one of the place which is
the Meridian, or 12 aclock 5 to which
PlﬂCE, when the Sun or a Star comes,it 15 faid
% be in the Meridian.

And the other is the Meridian of the
P lain, inwhich Line the Pole-point of e-
Very Plain is, being 90 degrees diftant from
th_ﬁ Plain every way, and inall upright-

ials their Pole is in the Horizon 5 andthat

&eree of Azimuth in which the Pole-point
IECS, counted from South or Notth toward

aft or Welt, is alwayes the declination
ﬂifl‘mf; fo that by finding the Suns Azi-
Much arany time, and the diftance of the
Sun ar the fame time from the Meridian of
the Plain, is gotten the declination. '

"The Azimuth of the Sun from the Meri-

ian of che place, is found by the 26, 27,
‘23, 30, 32, 34y 39 #fes of the x§th Chap-
ere

But the Azimuth of the Sun from the
Meridian of the Plain, is found by apply-
Mg the Head-leg againft che Plain Honzon.
tally, flipping 1t to and fro, till the fhadow
of the Thred, bung (or held) up, play right
Over the Center of the Tria.n-agzsfsr— Quadrant

D 4 ony
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on the Head-leg s chen u}lhar deg. {oever the
thred cuts, counted from 6o]o on the LOQ&“
piece (being the Perpendiculer or Pole-point
of the Plain ) fhafl bethe Azimuch of the
Sun from the Meridian of thePlain,

This 15 the Operation; the Applicatio®
or Ufe 1s worded feveral wayes by fever®
meny I hope 1 fhalldo it as fully, and#°
briefly as fome others. ;

The Sun, to ourappearance, paffeth from
Ealt, by the Meridian, to the Weft cvety,
day; therefore in the morning 1t wants©
coming to the Meridian 5 at noon it is for?
moment juft in che Meridian, and 1n
afternoon it is paft.the Mendian of e
place. ‘

Even loit begins to fhine on, and is dF
retly againft, and leaveth to fhune upo®
moft Plains, when ic begins to fhine upofh,
or is not directly againft 5. I fay, it wants©
coming to the Pole or Mendian of the
Plain.When it s direétly againft the Plaiils
then it 15 in the Meridian or Pole of i€
Plain 5 when ivis paft, ivis paft, or begn®
to leave the Plain.

Which Three Varicties 1 ineend ch¥
briefly to exprefs

Azimuch Want, or W jnthemorning
only; Azmuih Dire& at noon ; Azimuth

paft
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Pa'ﬂ', or P being]u t!s:lc nﬁemcmn.'
The other Three Varieues, let be Shal
OW 'Wanc, Shadow Direct, Shadow Paft 3
U which may be in feveral Plains at feveral
"Mz thac is to fay,at morning, noon, and
Righe, _

Tbcfr Obﬁrwatfom, and Cantions pré=
mifed, the Rule 5 thus ;

1. If the Azimuth and Shadow are both
Wanting, or both paft ; fubftract the leffer
Ut of the greatcr, and the refidue is the

tclination, But if one want, and theo-
wier be paft, then the fum of themis the
clination,

2. Ifche Sun come tothe Meridian of the
P n, before it come to the Meridian of the
Place, itis an Eaft Plain, Butif it cometo
the Meridian of the place, before it come to
tjlllfl_!?ieridian of the Plain, it 1s a2 Weft

. 3+ IF the fum or remainder, afer Addiz
Yon or Subftraction, be under go, itis a
South-caft, or South-weft Plain, declining
© many degrees, as the fum or refidmeis.
Bue i the fwm or remainder be above 9o, it
YSa North-eaft or a North-weft Plain,” and
e complemene of the fam or remainder to
' 180,
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180, is the quantity of Declistation Noxth-

eaft, of North-welt, =
. If the fum or remainder be 00, 1P

juft South 5 If go, juft Eaft or Weft, Buly

It ic be 8¢, irisa dire@ North Plain.

It fball be farther Explained by two o
three Examples,

Suppole that on the firft of Afay, inthe
forenoon, I come and apply cthe Head-leg 0f
the Trianguler- Quadrant to the Wall, a9
holding of it level, the fhadow of th¢
Thred, held up fteady, cuts the Center a8
60 degrees on the Moving-leg 5 thar is, 6°
deg. want.; which I prefently fer down?®
a Paper ready prepared, thus;

¢May 1, 1669, Forenoan.

Shadow ——60—00  want,”
Altitude——20--00
Azimuth——o04—0c0  want,

Subftradt.— 34—00—South-calts

Then, as foon as poffible, or rather by
fome body elfe, at the fame moment, fif
the Suns Alitude, which {uppole to be 29
deerees ; ( but if youarc alone, and haved
' X Thred
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Thred ready hanged up 5 then take the Al
titnde firft, and the fhadow will be had
Prelently after, the Thred hanging fteadily)

g fer thar down allo, as here you fee,
Then by the 26th#fe of the x5th Chap-
ber, you fhall find the Suns Azimuth a2t that
time and Alritude to be 94 degrees, and
aftey Subftraction remains 34-0, for the
Walls declination Eaftward, becaufe the re-
Mainder is under 90, 2nd the Sun comes to
the Meridian of the Plain, before it comes

to the Meridian of the place, or South.

Agasn,

_ In a morning, Fune 13, Loblerve the Al
titude, and find it x5 degrees, andunftanca
y the fhadow, and find 1t to be x0 degrees
Paft the Plain, wiz. on the Loofe-piece, to-
Ward the Head-leg, I fetboth Altirudeand
Shadow, with the day and time down phas;

Fune 135 Forenoon
Altitude — 1§—0
Shadow — 10—0 Paft, !
Azimuth —100—0 Want,

Sumis —xrr9—a
180—0

os1—0 North-caft, |
And
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‘And then find the Azimuth at that gime
and Alditude to be rog degrees; here the
terms being unlike, I add them rogechers
and the [um being above 90, Tknow it muf
bea North Plain ;- and becaufe the Sup
comes to the Plain before it comesto tht
Meridian of the place; it is North-eaft ; and,
the complement ot ¥19 to 180, is 61-C
North-catt.
Again,
Fune 13, Afternoon.
Altitude — 15—0

Shadow — 20—0 Want.
Azimuth —109—0 Paft.

Sum is

129—0
i8o—o0

oc1—o North-weft.
5

Supypole the fame day, in the Aftcrnoofs
I find the Suns Alticude 1¢-0, andthe {ha-
dow 2o degrees want ; the Azimuch at the
fame Altitude, and the fame day, will be
near the fame number of desrees; but in
the Afternoon it is paft che South, or Meri=
dian of the place ; here alfoir 182 North-

plain, becaufe the fum is above 99 3 and a
; North-
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Notth-weft, becaufe it is againft the South,
efore it comes to be right againft the Plain.
. But if you happen to come when the Sun
181n the Meridian of the Plain, then the
Uns Azimuth is the Declinacion, | Eaft ox
eft, as the Azimuth is.
Alfo,
_ If you takethe thadow, when the Sun
% juft in the South,or Meridian of the place,
the thadow is the Declination 5 if itis paft
the Plain, it is Eaftward ; if it wants, 1t is
Weftwards.

Thus I have (T hope ) thewed the true

Manner of finding the Declination of a Wall

¥ the Sun fhining on the Plain, as plainly
and as briefly as the matter will bear, fpeak-
g to young Tiroes therein.

It may be done alfo, by obferving when
the Sun’ juft begins tofhine on a Chimny,
or Wall, or high place you cannot for the
prefent come near, conceiving the Sun tobe
then jult 9o degrees from the Meridian of
the place wanting, or juft when it leaves it

bging then 90 degrees paft the Plain, then
take the Altitude and Azimuth, and work
accordingly to the former Rules,

CHAP,
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CHAP, IV.
To Draw a South, or North Lyeft
Declining-Dial,

Or better illuftrations fake, I will draw
a particular Scheam for this Diak allos
as I did for the Eaft Recliner ; whole De-
clinationlet it be 20 degrees declining from
the South toward the Weft, in the latitude
of § 1-32 for Londop, /
The Scheam is drawn by the former di-
re&tionss the Pole of the Plain beingat D,
declining 20 degrees from 8 toward W,an
the Plain it felf is reprefented by the Ling
A B; the Circnler pricked Line DH P C 18
a certain Meridian drawn through the
three given Points DP C, whofe Centex
will be in che incerfestion of the Plain A Bs
and the Tangent Line for the hours, which
being drawn, whatfoever Z H is inthe hnl‘t
Tangents, Z® is the complement thereof,

in the fame half Tangents.
The
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& The Scheam thus diﬂ.wn, Z His the Sub2
le, PH js the Stile, Q_Z the diftance
N6 from 12, HPZ 'the inclination’ of
, M‘E.l'idians, or Angle between the two Me-
J Edl_ans, 2iz. of¥he Place PZ, and of the
l hain p 4 , found by the following Canons,

|

By Artificial Sines and Tangents,

. Firft for the Subfisle from x2.

As thefine of 06 Z N, to the fineof the
Declination N C 20 degrees

So is the Co-tangent of the Latitude
PZ 38-28, to the Tangent of ZH
Ij-12,

2, Forthe Stiles Elewation.
Asthe fine of 90 ZN, to the Co.fine of
the PlainsDeclination N A 70-0;
So is the Co-fine of the Laticude Z P

38-28, o thefine of PH 35-46, the
Stiles Elevation.

3. Forthe Diflance between 6 & x2. :
Asthe fine of 90 ZW, tothe fine of the
Plains Declination WA 20-03
So s the Tangent of the Latitude N P
§1-32, tothe Tangentof A Q , the
Co-tangent of 6 from 12, 23-18, s
7
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‘As Co-tangent Laticude Z P 33-7-85 o
‘thefinego ZPQ 3 ;

So is S. declination WZ:A 20-0, tothe |
Tangent of QA 23-38. :

4. For the Inclination of Meridiante

As the fine of the Latitude Z £ §3-3% ‘

tothe fineof 90 ZS3

So is the Tangent of che declination S D

20-00,to the Tangent of £ K 24-57 |
the Inclination of Meridians.
Or,

‘As Co-fine Latitude 38-28 P Z, to th¢

finego PHZ;

So s the fine of the Subftile ZH z5-3%

tothe fine of ZPH 24-56, I M.

5. Then having made a Table of Arksa
the Pole, by this Canon you may find the
Hour-Arks on the Plain,

Thaes 5 . |

Asthe fineof 9o PK, tothe fine ot the (

Stiles height P H 35-46 5 :

| Sois the Tangent of the Hour from 12,

19-56 for I, £1, to the Tangent ©

the Hour from the Subfhile on the
Plain, H 1, x2-14.

But
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. But T prefer the way by Tangents befote
*as followeth,

Gl thefe ?‘tq"“{ﬁ“; 14y be fasnd by tb:_ge_,
neral Seale and Settor,the Canons where-
of 4n bricf are thws ;

By the Trianguler- Quadrant and Sectoy,

Subftile. .
As— Co-tang. Lat, 38-28ZD,
To = fine g0 90-00Z N3
So = fine Declination 20-00 NC,
To T Subfliler 1y-12 Z H.

Stile.
As— Co-fine Lat. 38-28 7P,
0= fine g0 90-00 ZN3j
8o = Co-fine declin, 7o-00 N'A,
To — fine Stile 35-46 PH.

Difaxce berween 6 12
As — fineDeclin, 20. o WA,
To={ineof 90, .gox 0 Z W3
Sois = C.T. of Lag, s1-32 NP,
To—-C.T.6%& 12 23-18 A Qu
Tangent 66-42, :

E Inclmation
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Tnclinations of Meridias.

As — I declipation 20- 0 8 D,

To = fine Lanitude §1-32 ZES

So = linego 90-00 Z S,ﬂ '

To — T. Inclin Merid. 24-56 £ K-

Thefe Requifites are alfo found by ‘hrc
particular Quadrant, very really and rrulfs
for that Laritude the Rule is made fory
this manner,

t. Firfl, for the Subftile.

Lay the Thred to the complement of the
Plains declination, counted on the Azimut
Line, and on the degrees it giveth the Su”
ftile from 12, counting from oo ont
Moveable-leg,

Example, {

The Thred laid to 70, the complement ®
20 on the degrees, gives 15-x2 for B
Subftile.

2. Forthe Stiles beighs.

Takethe diftance between 96, and the
Plains declination on the Azimuch-line,an
meafure it on the particular Scale ﬂ'om_rhc
beginsing, and it fhallgive the Angle of che
Stiles Elevation above the Subftile, 3 §-46-

3. Fof
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3¢ For the Inclinationof Meridians]

Take the Subftile from the particular
Salé of Akitudes, and meafure on ‘the

Umuth-line from 90, and it fhall give the
“Omplement of the Inclination of Mendians;
Of the Angle eounting from 90, wix, here
.56,

4+ Tofind the Anglc between 12 (& 6.

Take chie Plains Declination from the
tcular Scale of Alditudes (lels by the
(€ OF the Declination, to a Radius cqual
> 45 minuts of the firft degree on the par=
Cular Seale of Alditudes), and lay ic from

© on the Azimuth Scale, and to the Com-
Pafspoing lay the Thred, then on the Line

“¢grees, the Thred gives the complement
:if roh 12, counting from &0 toward
‘e end, ‘as here it isin chis Dial 23-18.
Alfo, the requifites may be found Geos
ferrically by the Sch eam, thus ; ‘
As :

¥, °A Ruler laid }rom D to H in the
ﬂ‘_;nb, gives F; thé Atk CF is the Subs

ile, > {

1

- 2 A Ruler laid from @ to P ih the Limb
BYesT e Ark A T isthe Seiles heighr.
E 2 3. A
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2, A Rule laid from P to @, cuts th
Limbat T 3 the Atk T E is the Inclinauion
of Meridians,

Or,

ARule Laid fromP to K, cuts che LimP
at L ithen SL s the Inclination of Mer¥
dians.

4. A Rulelaid fromD to Q_, cuté the
Limb at 6, the Atk C6, 15 the Angle loce
tween 12 and 6. .

5. ‘A Bule laidfrom D, to the interfett
on,ofany other Hougsline, with the P’li“,‘i
A B. on the Limb, gives Points, whofe ¢!
{tances from'C, are their Angles from 1%
or. their diftances from F, or ther Ang
from the Subftilc.

To Delintare the Dial by the Seltare
¥ Thus by any of thefe wayes, baw;ug gﬂ‘”,:’l
the Regusfites, proceed so draw 1le D
thus 5

¢he

Fitft, Draw a Perpendiculer-line o
’ Jent

Plain'C B, by:a Thred and Plummet ; ©
if irhe a South Dechiner;. at the Bpper ~
make a Center, as C ; and on that Cﬂﬂ‘_1
delcribe che Archofa Quadrant;as the A rl;y‘

- : P in that Arch
D E onthe Center- C 3 then 10 Sines
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Sines op Chords lay oft from D the Subftile,
and Uponithe Subftile; the Stiles heighe
40 the Hour-line ‘of ‘6 by the Angle be-
“Ween x2and 63 and draw thofe-Lines as
You fee in the Figure, cofitraty to the Coaft
of Declinarion 5 thendfaw two Lines paral=
el o ¥2; 256 G, and 313H; then fir the
iftarice of the Parallels fFom 2, ift the Sex
“nt of the Plains dedinition 30 8 24y
fake out ‘the = Seeanit ‘of the Latitude
133, and lay it flom 60 G, andfrom @
0 the Line of 12 to Fy 8 draw the Line GH
Y6 H; which Lineis'a = to the Hetitline
65 then make F G'Radius, or the —
hgeat oF 45 ; and béfore you prick off
€ Hours, rake out thie = Tagpent - of the
tclination of Meridianss and if ‘it reach

*om F ¢ ithe Subftileon' the Line F G, your

otk dolie is true, elfe not,

Thex,

- Take out the =Tangent of 30, 8’15
and ‘the relpedhive quiarcers, and &, as
before ; chen make 6 G g = Tangéne of
45, and do likewife a5 before, in the Hori~
2oncal and South Dials,| and  co thofe Poitits
Qraw-che Hour-lines required.

E'3 2. To

¥ : \ ~
SE 20:00, 5032,
! .
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2, To Draw the Homr-lines o8 4 North-
D:C!ining Dial.

The Requifites, as Subftile; and Srile, In-
clination of Meridians, 6 8 12, arefout
the fame way, and byithe fame Rules, 25 che
South Decliners are done, But when yO¥
come to delineate the Dial, there is fom°
alteration 3 which I conceive is beft fecn by
an Example, as Northeaft declining 3§ dege
Lar, 5 x-32, at London,

Firf}, as before, draw a Perpendiculers
line for 12 a Clocky as A B3 then abot®
the middle, or toward the lower-part of chat
Line, asat C, make a Point for a Centes
as C; then on the Center C defcribe the
Arch of a Circle, that way, from the L
A B, as is contrary to the Coaft of declin®”
tion, as if the Plain declines Eaftward, a8
here,  draw the Arch Weftward from & Bs
as BD; and the contrary way in Norths
wft plains 5 and on that Ark lay down the
Subftile from 12, and the Stiles heighe above
the Subflile, and the Hour of 6, by the
Angle of 6 & 12 5 and;then, by thele Points
and the Center, draw thefe Lines.

Then, at any diftence, draw 2 Ling =19

32, (or AB) as theLine EF, and m;k:
tha
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that diftance a = Secant of 37, the decli.
Mtion 3 che Sector fo fet, take out the —
tcant of the Latitude §1-3 2, and lay it on
¢ the Parallel-line from 6 to 9, then make
6-9, the meafure the Compafs ftands at, 2
== Tangent of 45 5 and take out the —
Angent of x§-30, &¢. and lay them both
Wayes from 6, upwards and downwards 2
3o, for the hour of 10,as the Sector ftands,
Yke oyt the — Tangent of 60, and turn j¢
% times from 6 on the Line EF 3 and (when
You wantit) the = Tangent of 75, and
Qra that allo 4 times from 6, for 11 3
lock line; and then by thofe Poinrs,
Faw Lines for the Hours required,

5A3888500005800884¢

E 4 To
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CHAP, V,

Zo. Draw the Hour-Lines on 4

» Dial falling near the Merids-
an,whofe Stile bath bat a j};mll
Elevation, - and therefore ™
Center,

He former Examples may be fufficiet”
T to the confiderate, to draw any Ei¢*
Declining-Dial having a Center 3 but whe?,
the Stile happens to be lefs chan 1§ deg- °
Elevation ; then, if it be ot augmented by
cafting away the Center, the uferulnefs, a1
handfomnefs of the Dial is loft; now |
you draw the Dial by the former Rules.o? ®
Tabley, and curoft fo much, and as many
Hours as you care for, the work is P&
f,-rlﬂl';d.

But then you fhall find, chae long Raler

and Lines will be wanting fora {mall D2 €;
rhetss
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therefore 1 prefer this way following by the
“Qor, generalin all Dials.

| _ Firft, on or near the

La, AR lNorth’Edge of the
B g' ’:"' | Plain, in far Souch de-
s:w' ReEy \<liners, ( buc near (o

| Sub, 38-4 | the South-edge of the
6S:1lc §-56 { Plain, in far ﬁorrh-.
| 812 38-51 " decliners) draw a per=
I LM, 82-30 12 | pendicular. Line, " req

75-CC" " oeefenting the Hoyr.,
67538 Ttk of 12, asthe Line
60-00 ABinour & xample,
52-30 2

being a Southweft de-
45-00 clining 80 deg.25 min,
377-3° 3 I then,in the upper-part

30-00 | of that Line, in South-
22-3% 4 | decliners; or aboit the
I§.00

middle, or lower-part
e e Sl (7 North-decliners,2p-

O0-00—. point a Ceneer, as here
po e T W upon A,
15-co as a Center, as larae as
22-3° 7 | you may, draw an
30-00 | ArchasBD ; andin

37-30 8 | tha Arch, or rather

by a Tangent-lin ¢, lay

E&l‘]lc Subftile from B to D, and draw the
i

€ A D; asan obleure Line, for the prefent
only
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only to be feen; and upon ghat, the Stiles
Jine, as before:  Then at any convenient
places, as far from the Center as you cally

-draw two Lines Perpendiculer to the Sub-
ftile, as the Lines C E, F G, for two confif”
gene Lines, ( antiencly and properly fo cal
led) 5 then by the Inclination of Meridiafi%
by the diretions in the Eaft and Weft Re-
eliner, being the 7th Dial inthe 2d (hap'er
make the Table of Hour-Arks at che Poley
by fetting down againft x2, 82-303 3%
taking out 7-30 for every half hour, ©
you come to 00 at the Subftile 5 and the”
by adding 7-30 for every half hour, and 5§
for every hour, to 82, as long as the SU°
fhines; which in regard it falls on an €¥¢"
half hour, is the moft cafie, and fits the Poifty
in the Tangent ready made for houss an
quarters, .

The next work, is to refolve what hot™
fhall come on che Plain, as wall be beft ¢¢
termined by the difereer Orderer, or SUE
veyors or experimental Dialift, as here
and 13 and for thofe two hours, mark B¢
upper contingent Line 1 two placﬂcs wherf

you would have them to be, asar Eand G35
then take the — Tangent of 37-30 for %
from the [mall Tangents, and add it © fhf

— Tangent of 67-30, the Tangeut to;n 13
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* *d behold § it makes 31: —Tang,of 72-33;
Then,

Take the whole fpace CE, and make it 2
f angent .of 72-33 ;5 then take out the
1y langent of 67-30, and lay it from C to
.3 and takealfo in the fame common-line,
80t againft che fmall Tangent of 37-30,
ich 15 inthe large Tangent 10-go, the
= Tangent of 10-50; taken for 37-30, be-
8 Laid from E, the place for 8, will meer
fo. 3tH 5 which Point H, is the true place
* the Subftile, to fic and fill the Plain,

't the hours determined,

Then,

The Sedor fo fet, Take out all the =
Iha“genrs above 45, asin the Table, and lay

*M the right way from H, toward C, and
3 then rake oyt — Tangent of fmall 45 3

fetting one Point in H, ftrike the touch
a0 Arch, asat Iy then make HI a =
poigentingrear 45, and take out the —

ngents of the reft of the hours under 45,
{inthe Table, ang lay them both wayes

hr om H, becaufe the Subftile falls on an even
alf hour. Then,

Draw the Line HK, — to the firft Line
AD, for the crue Subftile 5 then make HK
§adiM, or the Tangent of 45, and take
Ut the Parallcl Tangenc of §-56, the Sciles

heighe,
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leioht, add lay it from K'to 15 then take
H 1, the firft Radius, and fecting one Polnt
in Ly draw the touch of an Afkas by Mj
then draw @ Line by the Contvexity of the
Archesby T and M, for thetrne Srile-liner,

’ © Thens J
Take the icarelt diftance From the POl
K, to the LineIM, andmakeita = Ta
gent of 4§, the greater Radius, and tak¢
out the'== Tdrgents, 4sin the Table, 3!
lay them from K both wayes 5 and t

latly, by Ehofﬁ Points draw Lines from ehe

hours required.

Niie, Tharif in flrbving to put £00 masy
fours, the’fiin of the two extream hous?
come to above 78 it will makéthe hours o
elofe ropethier, and ‘pue you to much mor!
trouble.
eAlfo norey 1f your Rule prove oo fmall
then cake the half of che fum of both the
Tangents; and turn the/Compafies rwWiCEe

Aifr;T¢ yoi be curions; you may ufe the
Natural Logatichm Tangénts, inftead of the
Linc'ot Tangeénts, but this will ferve ve') |
well. ol
This isa zéicral way of dugmenting ’} '
manier of Dials; when the Stiles height P
tow, a5 under ‘15 degrées 3 and as ready
way,as you meet with inany Authorcx;r{ha;

focver,

Al
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CHAD. Vv,

To Draw tbg Ehur- Lintes on Pe-
| clining Reclining Dials,

F QR the compleat and true drawing of
~ - thefe Digls, that youmay plainly fee
theiy AffeCtionsand Propesties, it will be ne~
S9ary to have.aScheam for every variety s
) doing wheyeof, 1 thall follow the Mechod
that My, Wellgy of Depsford, uled in his o drt
of Shadows 3 which will comprehend any
Ot of Reclining and Declining Dial, under
varieties, . iz, 3 South Recliners, dnd 3
orth Recliness ( the Inclimng being their
9ppofices; ‘and o other, as: aficywards is

ewed ). : ; ,

Whereig 1 fhall be very brief, yet fuffioix
el phins t0a Mathemagical Ganimss and
¥ender the, Canons,. by: Arcificial' and: Nad
ral Sines and, Tangents,-dnd draw the
il by the Se®or, the fictel Infbrumerg
108 thag nigs; | Wid}_mhﬁx,cf.‘;yr:em Obfers

vations,
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vations, as they come in:LIace, and the way
by the Scheam Geometrically allo. '

1 And firft for a South-Declining, Ree
clining Dial, declining from the South €-
ward the Weft 35 degrees, and reclinifs
from the Zenith 20 degrees, being lefs thag
to the Pole, viz. falling from you, betwee
the Zenith and the Pole:  As chie Gir€le
A EB, reprelenting the Reclining Plaif

lainly fhewecth P being the Pole, and Z the
enich, £

The manner of drawing this Scheam, *
plainly fthewed before, ( Chap.1.) both 8
nerally and particularly for the drawing of
Dials, and the Example there, is the very
Scheam for this Dial; wherein you may
further corifider; Thar the Pe’ipcndid"‘r‘
line isright before you, and <when youloo
right on this Pldin that declines Southwefts
the Norch is before you on ‘the lefc hands
the South behind you on the right hand 35
degrees, the Eaft on the right hand the Welt,
onthe lefe; the Line CD the perpendict™
ler-Tine right before you, ‘reprefenting the
Perpendiculer=line on the Plain,” A B the
Hotizontal-line, Z E the quatiticy of Recli-
nation, P B the. Stiles Elevationabove the
Phain;  having the Souch Pole elevated above

the lmver-p;nr:- of the Pldin, bccauhi:e the

Jorth-
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Noﬂh-PoIe is behi[nd the Plain, E G thedia
20¢e on the Plain, between the Plains per=
“iculer, and the Meridian, ( being to be :

Eaftwatds, as the Dial-draught thew-
th, befides that general Roule hefore hinted,
thay whenfoever 2 Plain declines Ealtward,
the Subftile Line muft fand Weftward, and
the contrarys for the Arch whereonto prick
1€ Subiftile,and Stile is alwayesto be drawn
A that fide of the Plain, which is contrary

O the coaft of declination) EF the diftance

1o the Subftile and Perpendiculer, to be

lfld_ the fame way ; G F the diftance on the
lam, from the Subftile to the Meridian, to

2 laid the {ame wayallo 5 the Angle FP G,

» the Tnclination of Meridians 3 All which
“Quifites are found by thefe Canons Arith-

“'f':htally, or by the Axtificial and Natural
"es and Tangents,

Y To fiud the Diftance of x25 from the
Perpendiculer E G, or Horizon A G, by
the fecond Axiome of eMr. Gellibrand,
iz, that the Sines of the Bafg and 7.“.}!-

&ent of the Perpendiculer are proportio-

L ]

By
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By the Sitlor and Quadrants
‘As fine 90 Radius, 7D 9o-c2
To Tang, of Dkeclin.Plain ND 352
So fine of Reclin, Plain . Z E 2099
To Tang.of Perp. & 12 EG 13—%
Whofe complement AC 76—32
is the diftance from the Eaft-end of th°
Horizon to 12. -

As — Tangentof ND 35— ©

To — Sing of ZD ob= o

So =Sine of ZE 20— o

To~— Tangent of EG x3—28, i
diftance of 12, from che pCI'PEildlCLﬂﬂ’

2. Ty find the Diffance on the M;riff“‘;;
from the Pole rothe Plain, PG, o tb’
3 Propoficiens of Mr. Gellibrand, #£°
Sints of the Sides are proportiona

Sings of their oppofite Angles.

By the Qnadrant and Seltor.
Asthe firte of the Per- g
pendiculer from 12 % GE 13-2

Yo the e 'of dedination GZE 35-97
visthe fine of 90 GEZ 90- Y

“he fine of the diftance??
_the Meridian, fromthe > GZ 23-5§
2lain to the Zenith — A5

4 tafb‘ |

|

|

|
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As — fine 90- o GEP,
To = fine 35- 0. GZLE;
1 So = fine 13-28 GE,
0 ~— fine 23-5§  GZ, which takerj
from 38-28 gives PG X4-33.

Which being taken from 38-28, thedi-
1 fance on the Meridian from the Pale to the
tnith, leaveth the diftance on the Meij.
'an’ of ‘the place, from the Pole to the
lain, 7z, 14-3 3, as a help to get the nexg,

- 3¢ To find r}seH:J:gbt of the Stile a~
bove the Plain P F,
_ In thetwo Triangls ZGE, andPGF,
Which are vertical, by the fecond Confetta.
1y of Mr. Gelhbrand 3 1f two Perpendicu-
ler Arks fubtend equal Angles, on each fide
‘ of the meeting, then the Sines of ther Hy-
Pothenufags, and Perpendiculers are pro- .
Portional, (and the contrary ) 3 for the
glesZ GE,and PGF are egual Angled
UG, and ZE, and P E, areboth twe pere
Pendiuler Arks on thePlain A B
Therefore, :
Asthe fine of the Hypothenufa G Z,' to.
the fine of the Perpendiculer ZE 5
S0 15 the fine of the Hyporhenufa P G, to
the fincof the Perpendiculer P F, and
the contrary.

Then




Then thus, by the Quadrant and Seflors

s fine of the Arch of the .
Merid, from the Zenith» ZG 23§57 |
to the Plain, ’

To fine of the Reclination - ZE 20 99

So i: the fine of the Arch ‘
on the Meridian, from’g PG 1433
the Pole to the Plain

Tofinc of the Stilesheight PF 32-33

| As — fine of PG 14-33
"To = fine of ZG 23-58
So = fine of ZE 20-c0
To— fine of PF 12-13

4. To find the Diflance of the Subfiilt
" fromihe Meridiany G F.

In the fame Vertical Triangle, having 9%
fame acute Angle: ac the Bafe, the Tangen®
of [hq Perpendiculers, are proportiond o
the Sines of the Bafe, by the fecond AxioM
of Mr, Gellibrand, T gk

Thersfart 5.
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Therefore, by sthe Quadvant and Siflor:

As the Tang, of the Reclin, ZE 20+ g
To the fine of tthiﬂancez .
on the Plain, from theSGE 13-28
Perpend. to the Merid, )
Sois the T.of the Stils height PF 12.x 3
To the §. of the Subft.fr. 12 B G 7:58

As— fine of GE 13-28
To —Tang, of LE 20- ©
So ==Tang.of PF 12-13
To — fincof FG 7-58

§. Tofindthe Angle berweenthe two M-
ridians, of the Place and Plasn; viz. the
_ Angle, PFG,

i By the third Propofition of Mr.Gellibrasd,
“18 proved, That the Sines of the Sides are
Proportional to the'Sines of their oppofite

Ngles, and the conttary,

—Therefore, by the Quadrant and Settora

4 the fine of the Dift. on the
Merid. from the Pole to Plain§ PG 14-33
Tothe §. of 9o, theopp. Angle PFG 90-00
s the S. of the Subft. fr. 12, FG 07-58
Tothe, of che IndlinMerid, F PG 33-28
. ¥Fa A
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As = fine of tHe fide 7458 FG

To = fitie of the fide 14-33 P G

So'= fine of the Angle  po-00 P FG |

To — finc of the Angle 33-28 FP
The Angle’ beeween: the 2 Meridiale

By Angle of Inclinations of Meridiaftss
make the Table of she Hour-Angles at the
Pole, by the Direitions, Chap. 2. which b&= |
ing made asin the Table, draw the Dial
this manner 3 :

“Upon A B, the HoriZo™

‘ 2 22.28 | tallincof your Plain, b
= 2 5348 | eibe che Comiccircle AEB?
2. 3-28 and from the Perpendic®”
weadbiiitd S ]c-r-hnc‘ CE of the Plﬂlﬂi
3 1i-32 lay off 13-28 Eaftwart
4 26-32 for che 12 clock Linc, o7
! 5 45-32 the Plain, or the compi®”
A mene thiereof 76-32, o™
i 1= 7I—;z the Eaft-end at Bto +, & |
i S 8625 | draw theLineC +.
|| 9 73_23 Again, Ser furcher Eaft”
i 3 6*-;3 ward from 12, 7-58, U= |
i s 4?5—28 | diftance of the Subﬂilf
- e \ from 12,0 F, and dra¥
3372 the Line G E for the Sub*

? : x5 D49 ., ftile; and beyond lh‘i_;
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& of from F 1 2-13,the Sciles height above
¢ Subftile to G, and draw C G ailo,
Then, |
Draw a conringent Line perpendiculer to
tae Subftile C'F, as far fiom the Center as
¥ou can, ‘as the Line H I then takethe
Reareft diftance from the point F, tothe Line
G, and make it a — Tangent of 45 ; their
the Sector being {5 fer, take out the = Tan-
&ents of all the Hour-Arks in the Table, and
Y them both wayes from F toward H and
2@ they proceed 3 then Lines drawn from
the Cenger C, and thofe Points fhall be the
ours required,
Or,
Having in that manner pricked dowa
% 6 & 3 (orany other Hours 3 hours
dlﬁ'aut) draw two Lines on each fide x2
=10 12, and meafure the diftance from 6
P03 in the =, and lay it from C the Center
Mithe Line 12 3 and by thofe two Paints
‘aw a third Line, == to the 6 a clock-line 8
0 6-3, and r2-3, made a == Tangent of
39> thall be the two Radiuffes to lay oft the
“Ourlines from 6 & 12, as before in the
rmef [#als. And the — Tangent of In-
“nation of Meridians,doth prove the truth
Your Work here alfo, as well as in the
“Clners Erect,

F 3 But
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But note, That this Dial s better to be
afigmented by the lofing the Hours of
and 9 inthe morning, which makes the
Hours more apparent, as you fee. .

Alfo, the Requifites formerly found, m4y

‘Geometrically be found by the Scheam, be®
ing large and truly drawn, as beforc #
fhewed inthe other Dials.  Thas,

1. A Rule laid from Q, the Pole-point of

the Plain, to G the Point of 12 on the Plaith

gives in the Limb the point 125 D 32
13-28, isthe diftance of 12 2 clock-line ot
the Plain from the Plains perpendicule®”
line Z.D, -( and to be laid from the perpe?
diculer-line on' the Plain Eaftwards int
Dial }; and the diftance on the Limb frof

*Ato 12, isthe Meridians diftance from the
Faft-cnd of the Horizonral-line on th
Plain, namely 76-32.

2. A Rulé Jaid from Q.to Fyon the Lio%
gives the Point Sub, for the Subftile; 37
the Ark Sub. 12, 7-58, is the diftance fro®
12, or the Ark Sub, D 21-26, the diftan
from the Perpendiculer.

3. A Rule laid from Q to 6, the pla®
where the 6 a clock hour-line on the Sched®
¢uts the Plain, gives on the Limb the Poiff
Sythe Ark 6 12,24-38, or6D, 38-56'hc

the diftance of the Hour-line of 6 on !
e e
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Phain, from the lgour-line 12, or thePey<
Pendiculer.

4. ARule lid from Y, the Pole-point
of the Circle QF P, toP & F, on thelimb,
Blves two points I K, and the Atk [ Kis the
Stiles Elevation 12-13. \

. . ARulelaid from P to Y on the limb,
gibes the Point M3 E M isthe Inclination
of Meridians : or, aRulelaid from Pstothe
interfection of the Circle PFQ > and the

quino&ial:line, givesa Point 1n the Limb

Near C, which AtkCS, ismore naturally
the Angle between the two Meridians,
33-28,

‘ Or, !

If you like the way of referting this

l_ain_ to a new Latitude, and to 2 new De=
€lination in that new Lacitude,

Thhen thus by the Scheam
6. ARule laid fromE, o Pand G, in
the Limb gives L and O the Ark L O is
the complement of rhenew Laritude, being
the Ark PG, the fecond requifite, in the
former Calculation being 14-33, the di~
ftance on the Meridian from the Poleto the

Lain,
Fg 7-A
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7. A Ruletaid from G to Q_on the limby
gives R, the Atk S R is the new declination
in that new Latitude; 32-37,

Or elfe find st by this Rule ;

As fine of 9o, to the Co-fine of the Recli-
nation, or Inclination ;
So 1s the fine of the old Declination, ©
the fine of the new, in this Examplts
' being 32.37, and generally the fam®
way as the old Dreclination is,

Only obferve,

That when the North-pole is Eleyated
on South Recliners, you muft draw ches
as North-decliners; and North-weftan
North-caft incliners, that have the South= -
pole Elevated, you muft draw them 75
South-caft and Well-decliners, which w1
direct as co the right way of placing the
Subftile, and Hour of 6 from 12.

Inthis place I fhall alfo infert the g_tﬂff‘_.‘i
way, by Calculatton, rto find the new Lati-
tude, as well as new Declination :

whick
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Which i thus 5
As Radius, or Sine of go, to the Co-fine
of the Plains old Declination 3
S0 s the Co-tangent of the Reclination,
orInclin, to the Tang. of a 4th Ark.
Then, )

In South Recliners, and in North Inelic
Ners, get the difference betiveen this 4ch
Ark, and che Latitude of your place, and

¢ complement of that difference 15 the
w Latitude : if the 4th Ark be lefs then

cold Latitude, then the contrary Pole is
Elevated 5 busific be equal to'thé old Lari-
fude, it j< 2 Polar- plain,

But in South Incliners, and in North
Recliners, the difference between the 4th

TXy and the complement of the Latitude
o the place (or old Latitude ) thall be cthe
1% Latitude, when the 4th Ark and old

Aitude is equal, it is an Equino&ial-plaine
Thus i this Example 5

4s fine 9o, 16 Co-fine of 35, the old De-

chination ;

So is Co-tangent of 20, the Reclination
t0 66-03, for a 4th Ark; from which
faking 51-32, the old Latitude, refts

14-31,
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t4-31, the complement of the new Latie
tude, which will be found to be 7§-29, che
aew Latitude. y

By which new Lacitude, and new Decli-
nation, if you work as for an Ereét Dial, yo¥
fhall find the fame Requifites, as by the for
mee Operations you have done; and th°
diftance of the Perpendiculer and Meridia
will fet all righe,

The Second Variety of South Reclinersy
reclining jaft so the Pole, ’

x. The Scheam is drawn, as before,to th
fame Declination, and the fame way, ¥’
3¢ degrees Weftward, and reclines 3 3-3"'
Now, to try whether fuch a Plain be juft®
Polar-plain or no, ufethis Proportion:

By the Seflors

Asthefine of g0 DA go-©
ToCo-fineof Declin. NA §5- ©
So Co-tang. of Reclin. D E §6-57
ToTang, of Latitude N.P ¢1-32
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As — Co-fine Declination N A §5-00

To — fine of ’ A D 90-00

8o is = Co-tang, of Reclin, D E §6-57
being taken from the fmall Tangents,

To — Tangent of NP g1-33
being meafured from the Center on the
fame {mall Tangents, '

Which 4th Ark, if it hittoberight the
I-atitud:e, then it is 2 declining Polar-plain,
o elfe nog,

2. If you have a Declination given, t6
Which you would find a Reclination a9
Make it Polar, then reafonthus:

, Bythe Sellor

' AstheCo-fineof theDeclin, AN 5¢- o
To the Radius or Sineof ADgo- o
Sois the Tang, of theLat. PN j1-32
To the Co-tang,of the Reclin. DE §6-57

As — Tangent of NP §1-30
To = Sine of AN g5-00
So = Sine of AD go-co
To— Tapgent of DE 56.57,

34
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3. If the Reclination were given, and |
the Dreclination required to makeic 2 Polary |
then the Canon may be thus; '

By the Seltor 4

As the Co-tang of the Reclin. DE§6-§7
To the Radius; or Sin¢ 6f ' A D 9007
So is the Tang. of the Lat, | NP §1-32
To the Co-finc'of the Declin: N A 5-0°

As — Co-tang. Reclination D E §6-§7
To —=fngot A D go-0°
So ~— Tang. of Laticude. N D g1-32
To = Co-fine of Declination N A §5-09

But by the Sobeans; thefethres Operatio®
ave fomnd by dxawing the Scheam.

1. Foraf the Lineor Circle, reprefent=
1ug the Plain, cye the Pole P, it.isa Polar=
Dial. S

2. M A B, the€o-declination, be give™ |
then draw the Cirele A P B, and 1c gives Ej ‘
then Z E 15 the Reclination, mealared by
halt Tangents 5 ora Rule laid from A t0
on the Limb, gives an Ark from B ; which
Tnc:afgrcd on fic Chords, is the Recligatt

oi, .
3.11’
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3. If P, -the Pole-point, and ZE the__
. k«:clirmt'ion, begiven ; then,.avith the di- *
dnce Z E, on Z asaCenter, drawan Ark?
o a Circle in that Quadranc which is con-
%ary to the Coaft of Declination, obferving
e Jetrers in the Scheam 3 then by the
> Onvexity of that Ark, and.the Pole-point
> draw the Circle P E, ¢utting the Limb
Nto two equal parts, which are the points
A & B, the declination requited, :

This beirg premifed, there ave twothings
reqaifice to be found, before you can draw
the. Dials viz, the Salftile from thé
Perpendiculer or Horizony and the Iy-
clinatson of CMeridians,

X, Anid Grft for the Skbftile, by the < '
Seétora

As the fine of PEZ 90-"0

0 the Co-finé of the Lat. PZ 38-28

o the fine of the Decliniation P Z E 3§00

| 0 the fine of Subftile from Perp.P E 20-54

As — fineof Declination PZE 35~ ¢

0= fine of PEZ go: o
S0 = fincof' Co:latitude PZ 3828
To ~ fineof Subfltile fromPerp FE 20-3 ’

; _Thé ‘
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The diftanice of che Subftile from the
Perpendiculer, whofe complement 69-063
is the Elevacion above the Horizon,

Vg Or, : i
A Rule Laid from Qto P, gives I3 D
iS 20'5’4-
2. Forthe Inclination of Mevidians, [43
By the Settors

As the Co-fine of the Latiude P Z. 38-28
To the fine of PEZ g0-09
8o the fine of the Reclins LE 33-93
To the Co-fineof Incl, Met, ZP E 61-3§
Whofe complement Z P Q_28-4§

is the Inclination of Meridians requireds

As — fine of Reclination  ZE 33- 3
To == Co-fine of Latitude PZ 3828

So = fine of 90 PEZ ¢o-0
To —— Co-fine of Incl. Mer, ZPE 6121
Whole complement QPZ 284§

is the Inclin, of Metidians required,

Or,
A Rulelsid from P toY, gives M3 EM
is 28.45, the Inclination of Meridians.
The Scheam being true drawn, which be<
ing one degree and 1y minuts lefs chan 3%
the quantity of two hours, I fer x-x1§2°
gainft 2 ; “and by continual addition ©

3. |
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' [ os
19 deg. 0 1-15, and the increafe theréof,
| IO';:Q::; up Vthi: one half of my Table, asfols

| e it Agﬂ;ﬂ b

JFT take x 55 the quantity
in degrees of one Hour, out
of 28-x¢, the Inclination of
Meridians 3 . there remains
13-45, for the firft Hour on
the other-fide of the Subftile,

Tben againy by continual
addition of &g degrees to
13-45, and . the increafe
thereof, T make up theother
half, _

Or elfe, Againft 12, fet
28-45, and 2add 1§ fuc.
ceffively to ity 8 its increafe,
till it come to 9oy Tiben, t0
13-45, the refidue of 1§,
taken from 28-45; add 1§
as often as you canto 90,and
thus is the Table made.

To draw the Dial,
Firfl, Drawa perpendicu» -
ferLine on your Plain, as

C B, by eroffing the Horizon«

tal-line ac Right Angles .
then




3 . off

then from' the perpendiculer-Lisie 12y d
from the upper-end, towatd the lefc-ha® ‘
(as the Scheam dirécts, Z D being the Pere

endiculer, and Z N the Mendian, %% |
EP on the Plain, the diftance between, 27 |
ing tcoward the left hand ) 20-74, for
Subftile-line} as CD 3 then on chat Li"
(any where) draw two perpendiculér Lines |
quite through the Plain, croffing the Subl:
ftile ac right Angles; for two Equinoala
lines,asEF, &G H.

Then confidet what hours (hall be put
your Plain, ashere is convenient, from 111
in themorning; to 6 afternoony ( thots q
the Sun may fhine on it from 8 to 7, bu
then the Lines will be too dofe togecie?
and the Radius too {mall). ‘Andallo wh‘-"g ‘
you would-have thofe twourmoft houss? |
be, as‘at Eand F on theupper Equinoétid”
line 3 oryat.& & H on the lower conti

gene-hine,

gon

: Then,

Take the— Tangencof §8-455 12
Table for 10, andadd ic to the — T2
gent of 6¥-1§for 6, on the Line-of M%7 |
Tangents; sand you fhall fee the Comp? bl;

oint to reachto the Tangent of 73-5§» t'lTh
Fum of both the two extream hours, ¥he
happening under 765 will be s_:o:wf:n!;1 4

inthé
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and handfomc, in[rheir t]liﬂancts aflunder;
. Then,
Take the whole diftance EE, or G H,and
2ke it 2 =Tangent of 7355 ; then the
Cor fo fer, rake out the — Tangent of
Y845 , and lay it from the point EtoI, on
the Equinottial-line;,  Alfo, cake out the
::Tangent 61-15, and lay it from the
Poine B and if your work be true, it muft
Needs meer in the point I3 then draw the
Line IK for the true Subftile, and from
ence lay the = Tangenr of 45, todraw.a
e near ¢, for the Stiles Elevartion, paral-
“1o T K the Subftiley-for beng a Polar-
40 it hath no Elevation, bu: what you,
e 10 augment it to, as -here from [ to Ls
Then,
. As the Sector ftands, prick on all the
Whole hours, halfs, and quarters, according
Othe Numbers in your Tuble, ac leaft chofe
3t be above 44 3 and for thole under 45,
Make — Tangencof 45 infmall Tangeurs,
= Tangent of 4§ in the grear Tauge tsy
0 then the Seétor (hall be fet to char Ra-
45, which ismoft convenienc for your ufe.
Note, .
. Thar this way of Augmencing the Stile,
¥ Benera] i al] Dials.

G 3. The
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3. The third Variety of South=

Recliners.

The next and laft kind of South Reclinf™ |
are fuch asrecline, ‘or fall fromyou bt o
the Pole, w7z have their Plains Tying betw©
the Poleand the Horizon, as by the Schea™
1§ more apparent,

Inwhichwork, the drawing the Schea
and the things required, are the fame a5 ’!
the firlk Example, as'the Figure, and fol-
Iowing words ' do make make manifeft.

" The Example Heré, is of -2 Plain chat &
dlines from the South toward - the Weft 3
dearées, ‘and reclines upon its proper AL
muth Z E; 60 degrees from the Zenith. gt

1, Having drawn the Scheam, then fir p
for'the diftance of the Meridian from i
Perpendiculer, or Horizon.

Bythe SeStorsor Quadrant,

Asthe fine of 7D 90—0‘3
To'the Tangenc of Declination N D 3'5’00
So the fine of Reclmation 2E 609 |

To the Tang, of Perp,& Merid. EG 3 1-3%
Ad
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A~ Tangent of Declination ND 34-00
0 = fineof go ZD go.00
9 = fine of Reclination ZE 6o.00

To — Tang.of Perp& Merid. EG 31-12
. Whofe complement is §8-48 A G, the

diftance berween the Weft-end of the Hopi_

“Ontal.ine, and the Meridian.

Or by the Scheam o
A Rule laid from Q_to G, cuts the limb
L then D L,and AL, are the Arks re-
dired . D L from Perpendiguler, and A L
fom the Horizon,

% Tofind PG, the Atk on the Meridi-
an from the Pole to the Plain,

By the Settor.
As fine of AD go- o
0Co-tang, of theReclin. D E. 30- ©
-1.0 O-fing of the Declination A N §5- O
9 Tang.of difk,Plain & Horiz.N.G 1 §-19

As > Co-tangent Reclin,  ED 30- o
9= fine of g0 AD g0- 0
® = fine of Reclination AN 55- 0
= Tangdift.on Mer.P.Hor NG 2 §-19

G 2 Which
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Which being taken trom NP §1-32
leavethG P 26-13; thediftance onthe Me-
ridian from the Pole to the Plain, 0OF th
complement of the new Lacitude.

Or. .
A Rulelaid fromE, to Pand G, gi®
on the limb 2 Points, whofe diftance be-
tween, is & b 26-13, the Ark required.

3. To find the Seiles Elevation above
: the Plain,

By the Setlor. g
As fine dift. Merid. Horizon, GA § 8-4
ToCo-fine Declination AN 5 g-co
So fine dift. Pole to Plain GP 263
To fine Stiles Elevation PE 25'07'

As — fineof G P 26-13"
To—fincof GA §8-48
So—fine of AN §5-00
To —— fincof PE 2§-02

Béing found by theScheam, by Iay’iiiﬁa
Rule from Y, to P andF, on the i |
givesthe diftance between being 25-9%
Stiles Eleyation,

%
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4. Tofind the Subfiile from x2,

By the Settor. :
As Co.tang, of the Declin, AN §g-00
To 8.dift.on Mer fr.PLoHor, NG 2-19
So Tang, of the Stilesheight ~ PF 2§-02
o8, ofthe Subftile from 12 FG ! 8.0

As_ Co-tang.of Declin.Plain AN §5-00
To=g dift.on Mer.fr.Pl. to Hor NG 25.19
O ~ Tang.of the Stiles height P F 25-02
O=S§. of the Subftile from 12 FG 08-03

By the Scheam, 2 Rule laid from Q_, to
Gand Fon the hmb, gives, Land M 8-3 5
g)l' elfe, the Aik M D, is thediftance of the

fule from the Perpendiculer 23-39.

5+ Tofind the Inclination of Mcridians,

i By the Seélor, : |

Sthe fine of the diftance, on 3

T Mer. from Pole to Plain EP G ?’f‘ 4

S O the fine of the Angle GEP go-ca

oo the fine of dift.of Sub.fixz . GF 08-03
0 the finc of theIncl.of Mer, GP F 3 827

G 3 As




[ oz ]

As == fine  GF o8.03
To=fme PG 25-19
So—=fine GEP go-00
To——fine GPE 18.27

By the Scheam, a Rule laid from P 10 Yf
. anthe limb; gives O, the ArkEOs2 347’E
| the Inclination of Meridians, by help ©

which, tomake: the Tableof Hour-Arks dié
the Pole, as before is ‘fhewed, and asi9
Table following,
12 18~27 8- 3. |
¥0—§ 7 7| 36—-33’31"52
| x) 3—29 27| | | 8557
| - [Subft, ‘l § 78—27 64-3°
4—03| | 7o—57|
2' 11—33| 4581 | 9|63—27I4°'20
lx8=o3[\" ° 55—57| ¢
32633 1155 | | 10| 48—27 2573
|34—03 4057 h wiad
4 41—33120-35 || 1X|33—27 15-3
4803 25—57| ¢ 3
§156-33132-45 | |12 38~27] °C
L 64_031
. 617133 155-45
1 ]73—03 !
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To drawthe Dial.

Pirf’c,for the AffeCtions,confule the Scheam,
Whergin, laying the Perpendiculer-line CD
Yight before you, you fce thac the Subdtile,
g the Meridian, are to ke hidfrom che

erpendiculer toward the deft-band, the
Subftile lying between the Perpendiculer
and the Meridian, and the Stile or Ceck of
the Dijal muft look wpwards, the North-

ole being Elevated aboye this Plain, which
Will suide all the reft.
Then,

Firft, draw the Horizontal-line A B,and
O0.C asa Center raife a Perpendiculer; and
fevog by Chords, Sines; or Tangents, the
Meridian or 32 a clock Line, he Subci

ile and Stile, asexadtly as you may 3 an
dx_aw the Liu}:s 12 C,Y Subftile C,. and

tale B4 fox
Then,

. As farfrom the Center C, , asyouconve-
Mently may, draw a long Line perpendicu-

& to the Subftile, as the Line E H F;rthen

crtilig onc Point of a pair of Comps_lﬂ_ﬁs_!.ﬂ

> open the orher till 1€ touch the Seile-line

At the neareft diftance. ‘
earcit di G 4 e
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. Then,
Make thisdiftance a — Tangent of 499
and take out the — Tangents of every whol®
Flour, asin the Table, as far as the Tange™
of 76 will give leave; and then from the
Center C, to thofe Points draw Lines for che
evenwhole Hours3 then to any one who 3
Hour, as {uppofe the Hour-line of 37
draw two — Lines equally diftant on bof <
fides the Lincof 3, as 1K, LM,
Thens _
Count any way -3 hours, and 6 hou??
from 3, as here 125 and 9, fo as the — e
iy crofsthie 3 remoteft hours, as here you
fee » and 122 clock Hour-lines do crofs ¢
—lineat Tand K3 then takethe diftanc®
1K, and lay on the Hour-lineof: 3 from €
toN, and driw INL=1t09C3 \Nhl‘h
AWork doth conflitate the Parailellogra®
KILM,
Then lafily,

“Make K1, and N I, — Tangents of 4§ |
and prick oft cvery hour, half, and qual‘f"‘:
(aiid minut if you pleafe) on the two Lin®
1 K, and I L, from Kand N both wayes *
bekore 15 already: fhewed in the Ered e

glingrs, P
A
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Note dﬁ',
. That to fupply the defe@ on the other
ide, when the point M falls out of the
' ﬁ%ﬂw&ﬁmaﬁanmﬂmeuydm
fom xy_ will reach from Lto 7, and from T
910, from L to 8. This is general in all
Dias,

Alfo note, If you like not te la_y off the
rgy Hours by the Tangents, having made
the Tiebie, as before, you may foon find the

Our.Arks on the Plain for 3 Hours, as

fre 2, 125and 9 ;5 Or, 4, 1,and 8, which
Would have made the Parallellogram more
Juare, and confequently more better, and
then 1o draw the reft by’ theSetor, Thus
0 may fee how your Work accords; The

Way by the Table and Contingent-line, and
" the way by the Sector on the Parallellogram,

by Caleulation, & at laft ufe the Myftery
|

* s

°f Dialling made plain and ready, toan
or nary capacity,

Of North Declining Recliners,

The other kind, viz. North Declining
Rcchnc—rs,have alfo three Varieties; as thofe,
% Tha fall back or recline between the Ze.

nith
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nith and Equinoctial : 2d. Thofe that ¢
cline to the Equinodtial : And 3d. Thoﬁ
that recline below the Equinofhal, A"
firft of the firft Varicty, reclining lefs thert
to the Equino&tial,

The drawing theScheam, is the fame #
in the former, except in the placing of
Points and Letters;  For firft, thefe Plan
behold the North-parc of the Horizon, an
then when you look on the Plain, the Sout
is before you, and the Weft on your righ™;
hand,and’ the: Baft on the lefc; then che
South and North are alwayes oppofite, 2
the point P, repreflenting the Elevated PoF
of the place, swhich with us being Nof‘hf
muft be placed towards N downwards, #
before in South Recliners it was upwards-

Alfe,

Itisneceffary in the Scheamy to draw the
Equinottial-line, by laying the half Tav
gentof g1-32 from Z to A3 then clfe S¢
cant of 38-28, the complemens of Z E, 1aid
from /& on the Line § N, fhall be the C¢%
ter to draw EAEW for the Equinocti?”
Circle.

Thus the Scheam being drawn,to find the
Requifites, thas 5

1, Fof
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L. For the < Meridians Elevation, or di-
Fance from the Perpendiculer; A G, or

By the Sectior,
AS fine oo Radius ZD 950
'O Tangent DeclinationPlain ~ SD g5-0 |
fine Reclination Plain ZE a20-0

© Tangent Merid, & Perpcnd- GE 26.2

s — Tangent of Decline. ~ $D. §5- o
To~ fine of Radius ZD g0- 0

0 = fine of Reclination ZE 20- o
To__ Tang, of 12 from Perp, G E 26-02

Whofe complement A G; 63-58, is the
leridians Elevation above the Eaft-end of
the Horizon, -

By theScheam,A Rule laid from Q to G,
' o0 the Limb givesL 3 thenD Land AL are
the A ks required.

2. To find the Diffance on the Meridian;
from the Pole tothe Plain G P,

By




[ 108 ]

By the Sitlor.
Asfine declin, of the Phin GZE §5- =
To fine dift, of Mer. & Perp. GE 26.02

So fine of theRadius GEZ 9099 |
Tofine of dift: on Merid. 2208
from Pole to Plain } GZ 32

As =— fine of GEZ 90- o
To == fme of GZE g5-0
So = fine of GE 26-2
To—fincof  GZ " 32-03

Which added to 38-28 Z P, makes %
G Probez0-31:  Or, By the Scheam, :
Rule laid from E, to Pand G, givesoB o
limb e & ; theArk b is 7o-31.

3+ To find the Stiles beighs above
the Plain PF,

By the Sellor.
As fine of diftance on Mer 7 G Z 32"9}
from Zenith to the Plain
To finte of che Plains Reclig,” ' ZE 2097
So fine cfdift. on Mer, from} GP 7973 ¢
Pole to the Phin ¢
To fine of the Sules Eic-;u:f’)\ PF 37'DI

: !

above the Plain R
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Asthe = fise - G P 'yo-31
To the — fine GZ 32-03
Othe — fine ZE 20.00
« Tothe — fine PF 3701
By the Scheam, ‘
. A Rule laid from Y, toPandF, on the
b oives ¢ and d, the Stiles heigh,

4. To findthe diffance of the Subflile from
the Meridian G F 5 when st 15 above
90 deg. take the comp.to 108 deg,

By the Settor.
As Tangent of the Reclin, ZE 20.c0
To fine of dift.of 12 from Perp. GE 26-02
_SO Tang, of the Stiles Elevat;, PF 37-01
Lo fine of the Subftilefrom1z GF ¢ §5-24

As — fine EG z6-02
To=Tangent ZE 20-'0
So = Tangent PF- 37-01
To — fine GE 65-24

By the Scheam.
A Rule Taid from Q_to G and F, gives on
the limb L F, the Ark required,
s« To
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5. To find the Inclination of Mers-
dians FPG.

By the Seitor,
As fine dift. on Merid, from} G P 70-3*
Pole to Plain
Yo fine Radius.oppofite Angle GFP 90.99
Sofine dift. on Plainfrom12) GE 65-24
to Subftile
) To fine of the Inclin. of Mer. GPF .74'38

As — fine GF 65-24
To = fine GP 70-3x
So — fine GEP gc-00
" To —fine GPF 74-38

By the Scheam.

_ARule laid from P to Y, on the [imb
gives g, the Ark Eg is 74-38, the Inclinat” \
on of Meridians. ‘

Or L
ARu'Ie laid from P'EO K, gives h, Sh ¥
the Inclination of Meridians, by which ¢ |
make the Table as before is fhewed, and 4 |
followeth. .
i
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?;:;‘E_ To draw the Dial,
| | 244—38| Fordrawing the Dial, cons
g X §59—38 | fult with the Scheam, laying
12 7438 [the Plain AEB, “and his
. | 11 89— 38 | Perpendiculer CD righe be-
| {10 75—22 |foreyou ; then note, SN is
9 60—22 |the Meridian(—llinti, ZE the
8 4c_ 22 | Plainsperpendiculer,  with
7 ‘;'f,_zz the McEr)idi::mG on the lefe-
6 3522 [hand, and the Subftile F on
§ o—oo |the right-hand,
4 14—38 eAlfo nore, That the Sun
h‘i\“ ~ being in che Southat S, cafts
$ bﬁams, and confequencly the fhadow of

e Stile into the North 3 So that though .

! ¢ the true Meridian found, yet it isthe
b tthepart chae is drawn as an Hour-line 3
Ut the Subftile and other Hours, are coun-

\ & dfrlom the South-end thercof, as the Tble
oy he Figure of the Dial, do plainly make
Nifeft 3 “being drawn in this maniter,

tft, druw the Horizoneal-line A' Bythen

b g2 28 @ Center, draw a femi-circle equal

E di 60 of the Chords, and lay off the Meri-

| lan, Sybfile, and Stile, in ‘their righe Sei
| t“ﬂtiogs', as Taft was declared ; thendraw

| t0ofe lines, and to che Subftile ‘erect a Per-
| pcndlcu!cr, as D E; then take the Extent,
: or

Ho
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or neareft diftance from the place where the

Perpendiculer or Contingent-Ling 12
drawn, cuts 12 and che Stile.ling, and m:f;ki |
0

ita= Tangentof 453 Then is the S
fet, €0 lay off all the Hours by the =T*"
gents of the Arks in the Table, cxcept it
and 10, which do excut.

~For,

If you prick the Nocurnal-Hours **
1,2, 3 5 and draw them through the CEV
ter, on the other fide, they fhall be .
Hours of 12, 1, 25 3, 4, G¢. onthe Nogth*
part of the Plain, where they arc only ufec*
As for the Hours of 10 and xx, dothw §

Draw a Line = to any one Hour, whid?
— line may conveniently cut thofe Hou”
lines.

As,

Suppofe the Line 6 12, which is = “’
the Hour-line of 3 ; then makeche diftanc®
from o to 12, or from 6 to 9, in that Lin
laft drawn, a = Tangent of 45, and Iy
off hours and quarters, or elle the who
Hours, by the diftances from 9 to 7, a0
for 1o and 11, turning the Com}saﬂ'cs 'fh‘i
other way from g ; then to all thofe Poin®
Lines drawn, fhail be the Hour-lines re

red.
quire X




] Or,

Having only the hours of 3, 6,8 6,8
Y2:ina Parallellogram, defign the reft by
Setor,

The Secound Variety of Noil. Recli=
nerss Reclining to the E qui-
nottial,

By the bare drawing of theSchieam, yoii
*% that the Circle A E B, reprefenting the
yeclxrling Plain, doth cuc the Meridian jult
0 t}_l‘é Equiuo&ial; Now to try by Ariths

Netick, whether it be a juft Equinoétial.
0, or no, fay :

1. Bythe Seitor.
oo 2 B
Sthe fine of 90 AD go- o
So Tang. of the Reclination DE §4-10
0 Co-fine of Degljy. Plam AS 35- 0
© Co=tang.of the Latirude— 8 G 38-28

\ %5 —— Tangent Reclination DF §4-10

= fine 90 AD bo- o
= Co-fine of Declination ' &S 35. o
~ Co-tang, of the Lat,, $G 38-28

To

H Which
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Which happening foto bc_, it a dFC!zs
ning Equinoctial, or Pelar in _;efpect of 11 :
Poles, which are 1n the Poles of the WO\'.

& - o it -
2. If the Declination were given, and 0}

s ¢
you would have a Reslination,to L
it Equinottial.

By the Seitor; ‘ .
‘AstheCo-fine of the Declin,. AS 3§~ g
To the Co-tang, of theLat, = SG 33'7“0
So is the fine of 90 AD 900

Tothe Co-tang. of the Reclin, DE 54-1°

As the = Co-tang, Lat, $G 38 2?,
To the = Co-fine Deglin, AS 35'00
So the — fine Radius AD 99'00
Tothe — Co-tang. Reclin. DE 547

By the Scheam. -

The Points A'B. of Declination, b?”’-g'

given, and the Poipe /G on the Meridia?

if you draw the Reclining Circle AG 4

it will inter{e the Perpendiculer at E; ‘hcl,
the mealure of Z E is the Reclination, 7%

3
fured by half-Tangents, or by Chords, b

laying a Rule from A 1o E on the L 1:
gives a3, the Chord B s, 1s the Reclind®

o8 35759 _ A
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3. But on the contrary;sf the Ryclindtion
be given, and & Declination yequired; 10
make an Equinoltial Plain ; Then cons

®trari/ 'y [47 thus,

By the Seftor.
AsCo.tang, of the Reclin, ED gqa10
o fine of 90 A D go-00
So 0 Co-rang. of the Latitude = $§ G 38.28
¥0/Ca-fine of she e clin, SA 35-00

& — Co. tang. Reclm, ED g4-.10
0“:“— fine AD 90-.0
.~ Co-tang. Latitude SG 38.28
0= Co-fine Declination SA 35-c0

l Bu by the Scheans.

By the Poisit G, and the touch of an Arch
bOutE draw the Circle GE, to cut the

imb jato two equal partsy and you. havg the
omts AB.

4« The Plainthis made; or proved to be
Eqmnaﬂm[ 17 find ike « Mevidians
Elevation above the Horizon, AG .
Or, bis Diftance from the P:rpmdrm-
ler. EG;

H 2 E)r
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By the Seltor.
As fine of 90 ZEG go- g
To fine of dift. on the Mer.] GZ 5‘;3
from Z, to the Plain
So fine of Declin, of the Plain GZ E §5- °
To fine of dift, on the Plain 7 GE 39’54
from Perpend.to Merid.

As e fine GLZE §5- ©
To = finc ZEG go-©
So = fine GZ 51-3%
To—=—<fine . GE 39-54
Whofe complement is AG 50-06, the B
levation above che Horizon,

By the Scheam.

¢
A Rule laid from Q to G, gives # o8 i
limb, D Bis 39-54, asbefore.

§. To findthe Stiles Elevation ebot® e
‘ Swubflile on the Plain.
By the Seélor, 2
Asfine of the Latitude GL 51'33
To fine of the Reclination ZE 35'20
So fine of dift. Mer.Pole to Plain G P 99'2*
To fine of che Stiles Elevation P F 48
)AF
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As.— fine go GP go-o
To = fine Latitude GZ 51-32
So = fine Reclination ZE 35-50

To — fine Stiles height PF 48.24

By the Scheam.

. A Rule laid from Yo F on the limb,
Stves C, NC is 48-24, the Stiles heighe.

. The diftance of the Subftile from 12,
% thefe Equinoctial Dials, is alwayes 9> de-
Btecs s for a Rule laid from Q, the Pole of
€ Plain, toG, on the limb gives 4 ; a Rule
3 laid from Q_to F, theSubfhile, on the
b givesd ; the Ark 4 d, 15 90 degress,
oth for thediftance of the Subftile from
12, andalfo for the Inclination of Meridi-
405, for the Subftile ftandson the hour of
> being part of the Circle E P W, which is

the hou\r of 6, 90 dcgrccs diftant from the
our of 12,

Or,

A Rule laid, as before, from ¥ to P, on
the limb, gives N3 the Atk E N,or WN,
5 90, for the Inclination of Meridians,

Which being juft 9o, the Table is cafily
Made , 9%, 15,303 45,605 75,905

Wiee repeated, from 12 to 6 both way s.
H 3 To
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To draw the Dial.

Onthe Horizontal-line A B, draw 3n_°b' i
{eure Semi-circle, and fec off the Meridian
as the Scheam fheweth, wiz. 50 degrees :
min. above the Eaft-end of the Horizontd
liies' bur make vifible only the North-c?
thereof, as the line € 123 Then? po deg®
from thence, toward the right-hand, s t
Scheam fheweth, when the Perpendicul®’
line is right before you, draw aLine thd
ferves both for 6 and the Subftile, as cé
Alfo, lay off the Chord of 36-47 from 610
9, and draw the Line C g alfo, which #
found by Calculation, as before is fhewes*

Orthus 5 ,

Draw a Line —to 12, or Pcrpcndiﬂim
t0 6, heing in thisDial all one, as the Liné
FEG; then fetting one Polnt in E the St
ftile, take the nearcft diftance to the Seiler
line, and it fhall reach from E to G, the
Point for g, ,

The fame diftance E G lay alfo on the 1in®
12, from C to H,and draw theline G B4
then make EG a — Tangent of 45,

Jay cff the = Tangentsof 1§-39745) 4
e

wayes from E, as hath:been often fth;
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eAlfo,

Make the diftance of HG a = Tangent
of 45, and lay the fame — Tangents both
Wayes from H, and to thofe Poinrs draw the

our-fines required,

The third Variety of North-
Recliners,

This third and laft fort of North-Recli-
””ff, are thofe that recline beyoud the E-
fUinotial, thatis, lie between the Equi-
NO&tial and the Horizonj and it differs
OMewhar from tle other five before, inche
“heam and Operation alfo, ‘

For firft, the Arkof the Plainis extend-
%d below the Horizon, till it meet with che
Yorth-part of the Meridian below the Ho-
*izon at H; and the Center of the Ark
& Q B, isinthe Line Z D, as much di-

ance from €_, as the Secant of 65 deg.
t0 the Radius of the Scheam, being the
mplement of Z Q_25-03 Here alfo the
me requifites are to be found as in the
Sther Djals,

H 4 1. Firf,
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1. Firfl, for the Mevidians Elevation
abovt the Horizon, A G.

By the Settor ;

As fine 90 ZD 9°'O§
To Tang. Declin. Plain SD § 5“30
So fine Reclin, Plain Z E 6§42

To Co-tang. Elevation Merid. GE g§2-* 8

As ~— Tangent Declin, SD §5-°
To = fine g0 ZD 90- 9
So — fine Reclination ZE 65~ g
To — Co-tang.Merid Elev. GE §2-%

Whofe complement GA 37-42, is the
Meridians Elevation above the Horizon-

By the Scheam :

A Rule Iaid from Q_to G, gives on che
limb a; thenD a is the diftance from
Perpendiculer §2-18 ; and A a the diftan®®
from the Horizon 37-42,

2, T0
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2 Tofind the Diffance on the Meridigu
fromsthe Pole tothe Plain G P,

By the Seitor,

& fine DfA D Radius, or AD 0. o
ine of
To Co-tang, of Reclin, Plan DE a5- o
%0 Cosfine of Declin. Plain =~ A S 35. o
© Co-tang, dift.on Mcrid.} SG 14-¢8
from Plain to Zenith

As— Tang.of ED 2§- ©
|  To=— fine of AD 90- 0
So — fine of AS 35- 0
w TO-—-Tang. of GS 1458

Whofe complement 75-02 G Z, added to

» the complement of the Latitude, makes
Y1330, for the diftance of theNorch-pole
> on the Meridian of the place, from (the
orth- pole P,to) the Plain below the Equa-
t;’f at ;3 which being more than 90,%1]:[
¢ complement thereof to 180 » iz, 66-30,

1 Sng che diftance on the Meridian from B
f 1€ Pole, tothe Plain on the North-part of
the Meridian, viz. P H, found on the

Scheam-,- by laying a Rule from E or W, to

P
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P and H, on the limb giveséand ¢ 3 the Ak
b ¢ i966-30, the diftance onthe Meridian
from the Polc to the Plain.

To find the Stiles beight abqve the
Plain P E.

By the Seltor.

Asthe fine dift. Mer. from} G Z 75°%
Zenith'and Plain

To the fine of the Reclin. Plain ZE 65-°°

So the fine dift. Mer. from PH 66-3°
the Pole to the Plain % :

To the fine of theStiles Elev. PF gg-2¢

3!

A i GZL 75-©

To —= LE 65- o
50 —— PH 68- o
i 2R PE so-21

By the Scheam,

A Rule haid from Y, toI> and F on che
limb, givesd and ¢35 the Arkde is 59—21:
the Sules Elevacion,

3
4. **




[ 23 ]

4 To find the Snbftsle from 12, viz. FG
{rom the Sonth part, or HF from the
North part.

By the Seltor,
| As Tang, Reclin, of thePlain ZE 65-co
To Co-fine dift: Mer. & Horiz. EG §2-18
,80 Tang. ofthe StilesElevat,: PF g0 2r
Lo Gine of the Subftile from} FH 38-30
North part Merid,

Asfine dift, Mer. from Pap. EG §2-18
O Tang, of the Reclin, ZE 65-00
T Tang, of the Stilesheight PE 9.2
A fine of the'Subftile from 12 FH 38-30

By the Scheam.,
’ L A Rule laid from Q, to H and F, on.the
b, gives fand ¢3. the Ark fande, is the
Subtiles difkance on the Plain from 12.

5. To find the Angle between the two Me-
ridsans, viz, PF, and P H.

By the Seftor.
o As fine dift.Mer.fr.Pole to Plain P H 65-c0
0 fine of o Radius P FH o0-00
80 fine of dift.from Subft.& 12 FN 38-30
*0 fine of Inclin, Merid. FPN g2-45

As
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As — fine of P EN op0-00

To = fine of PN 65-00

So — fineof FN 38-30

To — fine FPH 42-4%
By the Scheam,

A Rule laid from P to Y, on the [imb

gives g, then Wog

is the Angle of thel™

clination of Meridians, viz, 42-45 ;. .
which make the Table, as is {everal gim¢
before fhewed, and as followeth,

e
[

42-45
57745

47-15 42575
32-15
17-1§
OZ= If
17X s'

2-1§
42-45

1-56

=

DM O\ eoN AW e

o

S

Todraw the Didl

On the Horizon®"
line A B,  defcribe *
Semi.circle, and !
oft'the Meridians Bl
yation, -in its pl'ope
place, as the Sche

"direfts 3 and then the

Subftile, and Stile, P
yond the Perpendlf";
ler, as by laying ¥,
Perpendiculer-Lne ®
the Scheam right

fore you ;3 then thi
Line A Z B, reprefe™

the Horizon 3 the Line ZG, the Meridl;’:
on the South-part ; and Z H, on the Nor®™

Pa[fs
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Part 5 - the Line Z F, reprefents the Subftile
2%ar the Horizon : which things being ob-
“tved, and the method thereof underftood,
1 wil] prove better than dry Rules, or Pre=
®pes, without fuch reprefentations, and far
Wore eafie to apprehend and conceive in the
Magination,
Then prick down the Hours of ¢ & 6,
by the Table on the Contingent-line, as be«
°re, or on the Semi-circle, having Calcu-
lated only thofe two Hour-lines, by the ge-
Yeral Canon,
Thin, :

. Draw a Line = to 12, at any convenient
d} ance fromit, as. GH; Then, take che

Rance berween 6 and o in that — Line,
4nd lay it from the Center to I, onthe 122
Slock Hour-line, and draw the Line H13
then make the diftances GH, and 1 H, fe-
Verally one” after anocher, = Tangents of
455 and take our the == Tangents of 45,
30, 1§35 and fay them both wayes from 12
and 6, on thole two Lines, as hath been of-
ten (hewed, in the former Dials s then liries
draws to thofe Points, - fhall be the Hours

tequired,
CHAP,
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CHAP., VIL
Of Declining and Inclining-
PLAINS..

INc[fxing Plains are bt the under Faces oF

Recliners, beholding the Nadir, at the
{fame Angle that the Recliners behold the
Zenith.

And the making of them differs nochité
from the Recliners already mentioned ; and
all the Requifites, as Meridians Elevatiofls
Subftiles diftance from 12, and the Sriles
levation, & the Hour diftances, are the fam®
both in the Incliner, asthey were in the R&
cliner, and have che fame Numbers alfo fet®?
the Hour-lines 3 So that in drawing of the
Dials that have Centers, if you dray all &
24 Hours, you then draw 4 Dialsat onct?
as thus, in the Example of the declining =
quino&ial, being a North declining Eaft 57
degrees, and reclining 35-50. If you dra¥

= e
the 24 hours, being done at the fame tl”"t
and
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firoke, by drawing the Hour-lines
‘thfﬂltgh the Ceater on the other-fide, and
theSobitile and Stile alfo, as here you fee
the Dial annesed;  being the Equinotiial-

tal; belonging 1o the fecond Variety of

North Recliners declining Eaftward § 5,and
*eclining 35-504 the Lines drawn through

¢ Center, and complemented to 12, is a

Outh.gaft declining, and Inclining 35-50,

Alfss T
If you purn the Paper, and look againgt
the light, and their the North-eaft becomes
orth-weft Decliner 55, and r CC‘hmﬂﬁ
5;50; and the South-caft becomes a Southe
Ve, Decdlining and Inclining as much,
Thus you fee, thar every Draught of 2
Dig will ferve for 4 Plains, that is for the
Place you drawy it, and his oppefite 5 and
| O another Plain, declining as many degrees
| the contrary way, ‘and reclining as much

9, and for the: oppofice therennto, as by

> two Draughes of the two fides, may
Pla.in[y befeenito appear, And the like holds
W all {orts, as Uprighe Decliners alfo.

g As a North-caft and a Norch-weft, 2
So

uth-eaft and a South-weft; declining 303
lie

ang

Dial drawn round abou, ferves all 4
Rls s Bug norey-that no South Ere& or In-
g Dial,: can havethe'Sun to thine on

any
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any Hour=line that falls ‘above the Hotzon*
tal-line 5 and thofle hours on the North-re=
cliners, that fall below the Horizontal-lin% |
belong alfo to the South Dials. r

But for a plin general Rule, tokn%®
what hours belong to any Plain whato*
| ‘ever inany Latitude, do thus.

To kywow what Hosirs belong to any
Plan.

Firft, dtaw a general Scheam to YO“‘;
Latitude, as this is done for §1-323 ﬂﬂg.':
mark the 4 Cardinal-points with EW.N-
S, as is ufual -for fetting the Scheam righ‘ bee
fore you,

Then, h
For all Declinirig Upright Dials, draw @
Iy a ftreighe Line for the Plain, Perpendi®y

ler to the Line that doth reprefent che ™

of the Plain, counting fo many degre

the Declination of the Plain fhall hap .
to be from S, or N, toward E, or W. )
all the Hour-lines. of the Scheam that th" |
Line of the Plain fhall interfedt, are e |

! Hour-lines proper to that Plain,

_ 1. Example. e
- The Lide E and W, being Pcrpendlculh‘ '
i to Sand N, the Poles of a Seuthand Nor®™
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Plain 3 doth therefore reprelent a Souths
Plain on one (ide, and a North-plain on the

Other,
Therefore, :

If you conceive the Sun to be in Cancer,
and going of his Diurnal Motion,.' ac his

ting abouta quarter before 4, beholds the

orth-fide of the Line E W, and continti-
@h {5 to do till 25 minuts afrer 75 and
*hen i¢ fhines on the South-plain «ill 3¢
Minurs afeer 4, and thed begins again to
fine on the North-plain, and {o continues
W Sup fetting,
ut when the Sun is in the Equinoctial,
:E beliolds the South-plain at the Rifing, be-
98t 6 a clock in the morning ; and.-fhines
N kcallday, ill Sun fet,being ar 6 at night 3
‘4 then the Norch Dial is ufelels: -

2, For a Dt:ffniﬁg- Plain,

f Suppofe 30 degrees South-eaft ; firft fe
¢ Scheam in his right fcituation for a
SOu:}]-mﬁ Plain  then if you count 3o de=
Brees from S toward E, for the Pole of the
AN 5 and 30 degrees from W toward S,
+ from E toward N, and draw thac Line
tha thall reprefent the Plain ; then you fhall
fing thy the Sun being in Cancer will be-

gin
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gia to fhine on this Plain, juft aqu
fore ¢ in the morning, and continuc
half an hour after 2, st
But about the middle of Fansary, 1t will
fhincon it 6ill a quarter afrer 4, wz- ©
Sun fer 3 and all the hours afrer 2, belong ©
the North-weft Pliin cha declines 30 6
grees;and one hour in the morming allos
iz froma quarter before, till three quarter®
after 4., i
The Tike work ferves for any Declin®
whatfoever, in any Latirude,

.
arter D64

1] neas

3. Bust for Decliners and Reclinetrse

Draw a long Line, as AB, and crofS’)
with a Perpendiculer in the Center C, an
lay off from C, toward A and B, the Tan
gent ot 453 orthe Semij-tangent of 90 o
qual to the largenefs of your Scheam 5 9
Jay off the Semi-tangent of the Reclinatio”
fromC 1o D, up and down, both way®?
€hen take out the Secant of  the complem®®
of the Reclination, which will be a Rad®
to draw the Arks A D B, whichPaper Y'Dt'
muft cut out, and apply the two Pomits %
the Paper ADBD, o the tivoPoints Oc
Declination of the Plain, noted in e

Scheam with A and B thatis, put A :\d’
i an
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WdBtoB g then E}‘i" round or convex-edge
of the Paper, reprefents the reclining Plain 3
nd the fame edge, on the other part next
‘e Horizon Southwards, reprelents the
South.weft Incliner.

Exaniple. .

. Suppofe 1 make the Paper A DB, tores
thng 35-y0, the Reclination of the Equi-
Sottial-plaing thert, firft fer the Scheam
Yight betore you in its right {cituation, and
Putting rhe Points A, iri the Paper, on A on
"¢ Scheam ; and B in the Paper, toBon
e Scheam ; 1 fhall find it to be even with

Crechining Circle AEB 5 then following
& Tropick of Cancer; 1 find thar it fhines
°8 the North Recliner from the Rufing till
Bear 2, at which time it leaves the North-

tcliner declining Eaftward, and begios to

thine upon the oppofice Plin, sz, the

uch-weft Incliner, decliming ¢5-0, and
l.:Chﬂing 35-50, and fo continues till Sun~

t.

Byt wote, That if the Line that reprefents
t}}‘-‘ Plain; cuts-the Tropick twice, asthe

'ne E. W for a North-plaing then, though
e Sug Jgave the Plain in the morning, it
Vil fhine on it again in the afternoon,

Nate alfp; Thata North-caft Recliner, is
*Prefented by che other Convex-edge of ghe

& e Paper;




Y
Paper, as hefe :1[ North-eaft Decliner §§7
and Inclining 35-5o, the Sun will fhine but
till 3 quarters after /$ in Cancer 5 but 39
Caprizorn i fhines till half an hour after 9
and comes no more on- it thac day : AN
note alwayes, That whenit leaves any Plai
that then it begins to fhine on his oppolit®
as here the oppofite to this North-eaft 39
cliner, s the South-weft Recliner; being e
prefented by the fame Lincor Circle AD®
that the North Recliner was : Ouly, yor
muft count thatfide of theLinenext 0 fhf
Horizon, the Inclining-plain ; and that ﬁdf’
siext the Zenith, the Reclining-plain 5 FoP
the Linethat reprefents ity having no bredd
canbe no otherwife: dittinguifhed, uw®
you will make 2 material, Armilary Sphea™?
of Paftboard or Brafs, as the followi™®
Difcourfe doth plainly demonftrare, inth {;
feveral Operations, for the bettei conceivi’?
of thefe Mathematical Excercitations. - 4
Thus you have the way of making?
manner of Sun Dials, upon any plain S‘]:c
perficies, the Axis of the World being’ ¢
fuppofed Stile to all thefe Plains; As {o’
thofe curiofities of Upright Stiles, and EllFﬂ
rical Dials, and drawing of Dials Y“,c
Horizontal, or Equinoétial Dials, - you B
them in the Works of Mg Samuel F ;1

l
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“Nd others 5 and in Kerkers Ars magna,
@c. But Iintended siot 4 Violumin of Sha=
ows, byt only a further improvment of
e Triangnier- Quadrant, as you will fee in
‘e next Chapter, of drawing the Furnitare
Or Ornament. of Dials ; which being but
tldom ufed, T fhall here erave an Apolooy
Or the breysty therein, fearing 7 left that ro
the young Practitioner it may feem fome-
What hard to conceive, though to the #xer-
W in thele matters it may be plain c.
Uough,
Then fora Conclufien, you fhall have an
€afiec Mechanick way,to dravwa Dial on the
¢iling of a Room, tha lieth Flat or Hori-
2ontal, which will be very.good for Paincers
°* Plaifterers, to Ornamenta Room withal,
1hd-is nor yor treated on ‘thac way, as ever
read of,

$5580800000840040000

vy CHAP;
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CHAP, VIIL

To furnifhany Dial, with.the ufnal
Mathématical Ornaments by the
Trianguler-Quadrant, as Paral-
lels of the Suns Declination, o
the Suns place, or length of the
Day, to find the Horizontal and
Virtical Lines ,and Points to draw
the Azimuths, and Almicanters ;
the Fewifh Italian & Babyloni[k
Hours, and 12 Houfes on any
Plain before mentioned,

. To draw the Tropicks, or Parallels ﬂf
the Swns Declination or the length ¢
the Day Artsficial, on any Dials

T He fpeedieft and eafieft way for this, 8
& by the Trygon, or by the Trianguler
Quadranty (which is a proper Trigon) the
- ‘ : Axid
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Axis or Sule being fudt fet into the Dial
For, if you apply theMoveable-leg tothe
Auis, and extend 2 Thred of a competent
lengeh, fafiened in the Center of the T7i-
anguler- Ouadrant, and caufe it to cucthe
Suns place in the Line of the Suns place, or
the Line of the Suns Rifing, at an even,
whole, or half hour, in the Hour-line for
the length of the Day; or the degree of
Declination in the degreesy and at the fame
time the Notch, or place, where you intend
the Nlodus or Apex fhallbe : Then, I fay,
if the Thred fhall be extended to touch the
Plain, and the Superficies of the Traanaulers
LQuadrant, and any one of the fore-mentio=
ned Poirits on the Rule, and the place of
the Nodus, you may find Points as many a$
¥ou pleafe on both fides of the Subftile, by
which Points, by the help of a chin. Rule
that will bend to them, you may draw
thefe Parallels of the 12 Signs, length of
the Day, or Suns Declination required 3
one ot which Lines, @iz the Equinodtial-
line, or v and = on the Signs; or the Line
for y2 hours, the length of che Day, will
be 5 fireight Line,

But nate, 1hat 1f it be a Perpendiculer
Stile, whofe upper Point, or Apex, 15¢o be
the Nodus: to give the Shadow ; then you

I 4 mulk
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muft ftrain a Thred irer}; hard, or apply 3
Rule for the prefent whereon to reft the Mo-
ving-leg on, inftead of the Axis; 0f» elle
you may do it thus, 25 Mr, Gunter fheweth-

Firft, to make the Trygox, if the Rule of
QOxadrant prove too Large for your [ma
Dial,

On a fheet of Paftboard, or Slate, draw
along freight Line, as ABj to which
Lincereét two Perpendiculers, one at the
upper, and the other ac the lower end, -85
CD,and EF ; then make AB aTangent
of 4y degrees, (then having firft made chefe
lictle Tubles that follow, by the Triar
guler- Quadrant, whichis only the Suns De-
clination, at his entrance into the wholé
Signs, or at an even half-hour of Rifing )3
fay of both wayes from B, the Tangentsof
.the Suns declination at v & 1r %, asin the
Table tollowing ; and draw Lines to thel¢
Points from the Center A, as in the Figur®
annexed 3 and chenfet the marks to chemy
and this 15 the Trigow.  Figure I,




fS'um a'ecfimn'om' F ”’;b% S;.gm éf 1
for the Parallels Fie L0040

I of the length of] Signs. | Declin
tbf D". { —_—

el ) 23-31
Hours | Declin aQ 1| zo-14
16-26|23-31 :1 T:E I;:g;
16- 0|21-41 s m | 13-31
I§- 0|16-55 o 7 |20-12
o w 12331
12 g_gé Declinations.
" 5-53 5= ©

80 | #1-37 10- 0
9 16-5§ Ig- O ¢
3 23-41 20- O '
7=34'23-31 23-31 both ways|

r”]_e“ from the Center A, any way on
the LineC D, at fuch a convenienc diftance
% you think may fir the Plain, fec off the
Poine G; then making G A Radius of
45 Tang.fer offon A B irom A the Tang.of
the Sriles Elevation to F, and draw the

ine F G, asan obfcure Line,

Then
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Then come to the Dial Plain, and mea-
fure from the Centex to the place on the
Subftile-line, where you would have your
remoteft Line of the fign o5 orvpto pals;
and take chis diftance between your Com=
paffes, and carryitin, above, orbelow the
Line F G, firft dvawn and produced to &5
or vy till you find ene Point to fay in A %s
and the other in A G, fo as to draw a L€
= ta B G furft drawn 5 if chacdorh not 11f
then dele F G, and draw this = to it in 1t
ftead, to fit and fill the Plain with the Tro-
picks to your mind, to make them large and
yee convenient.

Then note, The poine G reprefents the
Center of theDial; A G is the lengthof
the Scile from the Center to the Nodus 3 2
Perpendiculer lex fall from Ato FG, fhews
the point H ;3 GH is the meafure on the
Subitile-line on the Plain from che Center to
the Horizontal-line, H A is the Perpendicu-
ler height of the Stile; A the Apex or top
of the Sulcor Nodus to give the thadow.

Then,

Draw:a Line from G, = to AB, 28
TK; and ' any where between A B, draw
LM=to A G ; and wherefoever F G cuts
L M, make 2 mark asat M3 then make LM
a— fine of godegrees; and ‘the Seftor @

fet
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fet, take out the ﬁnse compfements of the
Arksat the Pole for cvery hour, and lay
them from L towards M, on the Line L M,
and to all thofe Points, draw Lines from G,
and mark them wich 12, 1,2, 3, 4, &b,
8s in the Table.
Or elfe, :

Take the meafure from G to F, and lay i¢
on the Dial fromthe Centeron cthe Subftile,
and draw that Line precifely Perpendiculer
to the Subitile, for the true Equinoctial-line
Onthe Plain,

Then,
The meafure from the Center of the Dial,
to the croffing of every Hour-line, and the
‘quinogtial-line, taken and faid from G, to
the Line A B,gives Points to draw the Houg-
Hes on the Trygon 3 As in the Figure,
Wherein you may notey

Thar if the Subftile happens to fall onan
even, whole, or half hour, then one Line
will ferve on both fides of the Subftile 5 but
if not, youmu® draw as many more, and
fer Figures to them, to avoid confufion.

Then, Ifay, that the feveral diftances
from @G, to the croffings of thofe Hour-lines
laft drawn on the Trygon 5 and the Signs

emng faid on their correfpondent Hour-lisics
fom che Center of the Dial, fhall give
) Points
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Points in thofe H£11r—hnt:s, to draw the figns
of the Zodiack, with a thin Rule that wi l
bend to rhole Hyperbolick Seétions.

The fame way ferves to draw the Paral-
Jelsof the length of the Day, 1f you lay
the diftunce from G, the croffings of 1€
pricked Lines and Hours on the Trygos, 3¢
15 as true asany other way by Calculacio?s
which muft afterward be performed by P
traction i chis'manner.

Thus youhave the way to proportion the
Heighe of the Stile, to fit the Plain, and ¢
place of the Horzontal-line in all Ereft
Dials, which is alwayes Perpendiculer &
12, and drawn through that poinc P e (8
thePlain 3 And this way of drawing the
Signs, is general in all Plains whatfocvefy
thar will admie them.

1. To find the Horizontal -line in all
manner of Playns,
Firft, The Horizontal-plain can have
none, nor many other both Reclining 2"
Tnclining, whofe Reclination ar Inclivatio®
is. above the complement of the Suns Mer™
dian Alticude in v, if the Stile have any
confiderable Alarude. 1
(
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Innllather Plau'm-, the beft M:cbdxicﬁ{

way 55 zhm;

The Dialbeing fet in (or,asin) his place,
apply the Moveing-les to the top of ‘the
Stile & onecorter of it tothe Plainyand ac
the fame time letthe Theed play evenly on
6o, and the corner at the Plain will make
as many marks asyou pleafe to draw it by.

Otherwife note,

That wherefoever the Hour-line ‘of 6,
and the Equino&tial-line domeet, thereis
one Point :  Then find at what hourand
minute the Sun doth Rifc or Serat, in the

beginning of any other whole Sign, moft .

remore from the firft Point, and that fhall be
another 5 and fo as many as you pleafe to

draw that Line hy :  This is general for alt
Plains :

To find that Point by the Trianguler-
Quadrant,
Lay the Thred to the Sign given, and in
the Hour-line is the hour and minut re-
quired 5 Thus the Sun being in v, rifeth

and fecteth at 6, or x quarter of a minut -

before, or after 5 and in v at juft 5, and fets
at 73 inqrat 9 minuts after 4, or fets ¢
minuts before 8 : The like for Winter figns,

1L, 7o

’r’b; E J""z_; 137

Lattitude 5t 73
Sousd erect a}ry
Zieft z4 20

Stule karoht 54 50

3
5

why rd;; zo&"‘ 2330
A i u‘.f

L
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N1, Todraw theold unequal Hagrse

The unequal, Jewifh, or Planeary boU™™
divide the Day, be it long or thorr, 1nt® i1
equal Hoursy  for the drawing of whicls
in the Equinoétial the commion hours gIves
Points. For the Tropicks dozhus 3

Divide the number of minuts in the lon?,‘fﬁ
and fhosteft dayes by 123 wrz. divide 9 86,
the minuts inone day in g at London, by
12, the Quotient is 82 | ; and divide 4547
the number of minuts in one day ac Lo#~
don itivp, and the Quotient fhali be 37733
then if you faften an Index, or lay a Rule 1@
the Center,and to every & hour and 22/ 510
g from 12 5 and o every 3773 in 4y, I
fhall give Points to draw the Jewith or Pla*
netary hours required, according to S
Table; thus made for London, by the Line ?t
Numbers ; againft 12 fet 6, and the reft 1
order as the day proceeds, for our iz is the
6th hour; according to the Jewes,

A Tablé
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A Table ta diwide | T make this Table
the Planetary bours | "?’;\?}' 5;‘: the Line
ings and invp, for| U 2 PO

London 2 §F1-32 Extend the Com-
Latitade. |

___ | pafles from 16-26,
oz M | the length of the
- | longeft day in hours

[

5431 1 “ | and minuts to ¥, the
9281 2§ 631 00e Egent fhall
Yo 164 31752 [ .k the contrary
X0 441 41 9215 | way from 6o, to
Ix 22| 5| 1037 986, the Number of
2 00 64 2 00 | thines in one day-
12 3z 7 X122

Txyl 8| 244 Or rather,
I53| 91 496 As g hour, to 60
231|%0| §29| "linues,

E $)rxf 651 So is 16 hours 26/,
347 _iii_li to 986 minutss

Then,
As i, to 82 minuts § ;
Sois2y to Y64 minuts;
Sois 3, to 246 minuts 3.
Or yon may fay,
As 12, to 1; So is 986 to 82-2, the
minuts in 1 hour,
Which
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Which properly is one
the length of one hour in Cancer 5 |
fecond hour,is 2 hours 441 3 the thif
is 4 hours and 6’ 3 from 123 and fo

hour 22 MINULs
then the

4 hour
for the

reft, as in the foregoing Table for London.

But if you draw the Parallels, of the
length of the day in the Dial, you n}"‘”
find thefe hours to crofs the even Hour-1incs
and quarters in the Parallels for 15 and 9
hours, as well as in the Equino¢tial,

TV. To draw the Italian or B.zé;;’aniﬁﬁ-'
Hours.

Firt, draw the common Hours, andtht
Parallels of the Signs, or rather the length ©
the day 3 Then note, that thefe Hour-hin®
meet with the common hours in the Equi<
noctial 3 only the Italians who account from
Sun-fetting, call our 12 in the Equinoétia
18; And the Babylonians, who recko
from the Sun-rifing, call our 12 in the E-
quinoétial 6 hours.

Then to mark thefe in the Tropicks;
dothus 5
The Sun being in eicher of the Tropicks,
dothrife in &5, twohours 13 minuts befor®

6; and in vp, fo many hours and minuts
i after
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aftcr 6 ;- therefore if you'count 2 hours and
mmuts before 1210 9% and 2 hours.and

13 minuces after 1210 %, and there make

I
4Tab!e t0 dmw

e Tralian hours
Ifom Sien-jetting
In the ,Fm‘ﬂ“ﬁ’l'-‘
of 16, 13, (58
Horyse

H,| 8]12]16
— — —— | m—
7lex| ¥ 3
8lyat ia 4
hi e
o) a4l 6
ke o ) B
13l a1°6] 8
i i
4|61 8110
151 9} olx1
16| 8liclzz
7l olxzx| x
18/ 10]12] 2
Epdyy Xl 3
2c¥52'2]''4
21! 313 5
221 5 4 6
231 31 51,7
24| 41 6] 8

2 pricks; land a Rule laid
to thole 2 Points, fhall cuc
12 inthe Equinottial for
the 6th hour trom the Suns
Rifing, or the 18th from
his laft Setting ,  and . foi
{ucrclﬁvcl"’ 13 mmlusafrer
every hoats

But; if you draw the:

Parallels. of the length of
the Day, - then yow +fhall
find .the x8ch -hour after
Sun:Sétring, o cut the
Hour-lie of 10 ’in. the
Parallel, of the Day, be-
ing-8 hours-long, and 12
in the Parallel of x2 hours
long ; and the common
Hour-line of 2 in che Paa

rallel of 16 hours long, .

and fo, fucceffively fon the
reft, - for fo many hours
from the laft Sun-fetring &
For, from'6 the laft night
in the Equnochal, toxz
chis nodn, 15 18 hoursy

K bllt




T
Bue i g From g7/ after 3 av Stine{ef, 107
niext noon, i 20 heurs ‘and 134, as 18 che
Figure foregoing,

“But for the Babylovafhhours,who reckon
by edqual hours' from the Sun Rifing, 4 be-
fore, count 2 hours and 13 minues alter
in v 3 and 2 liours and 13/ before 6 1 &3
. and juft€ inn, and that fhall draw the
Lindof> the Suns fifing; then count 3 hovrs
and w3fiafeer. 6 inap; and 7 in e, and £
hour 13/ before'@d &% and. that {hall be
the fivfk Hour after Star'rifing, and fo fuc-
cefliviely eilb night.ci=fiine i

" Btu #fyoune thePavalfel of the length ak
the dayy/ehe work iseafiers for then 5, 72
and oo'yinvthe Parallelstof 16, 12, and 3
hovirs;'thall be Points forithe hrft from Sun”
vifibg i ~ahd 6, 8, dndevé, |fhall; fhew £
fecortd hour from Sunsrifing, and fofors
wards,as in the Tabls following.

V. To drawthe A;immb—LimJ.

o For the Horizontal. Dial, on the foot of
the Perpendiculey Stle, as on a Cencels
deferibe @@ Circle 3’ and 'then divide that
Circle into 32 Points of the Compalsy o
Rumbs, or 360 degrees, and Lines drawn
from the fsot of the Sule to shole Poii'lmsﬁ
ha
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fhall be the Azi
Para] | much or Virtical
from {of £6{of 12 }of 8 | Circlesrequired,

tifing thours!hours| hourg | countisg theMe-
— ~—— | ridian, or ¥2 a

..-‘—‘—-_
Hour | Paral qu'al[

> S| Z | 8 |Clock Line, as
2 61 8 |10 South, and che
3 7.0 212 Areftinorder.
4 S | 10 | %2 For all Eveit..
5 DL 11 I @;}zb, both Di-=
6§ x0] 12 2 Lre& or, Dacli-
Zr x| X 3 |ners, deal with
Btz | =2 4 | the Deécliation
o Il 3 § '|of the Plaip, ‘as
ol 2l 4] 6 [you did wich
iy 3 § 7 “|che Ticlinacion
Y2004t 6 | 8 fof Meridisns §
x3 5 Z o | and at thé Meri-
4ipn6t 8 | xo - fdian,or 52, fer
59 7| o [ 11 | chePldins declic
EG___S_JL 12 |nation; and chen

— for Rumbs, take
IT:det. x 5/ asoficn as you can; and what
the laft number wants of £1-3 55 fet on the
Other{jdeof the Subftife, and to rhac add
1.1 cill you have enougliyas in the Tajle
nexed for a Dial, whole declination was
3§ degrees Weftwards, :

K 3 Thér
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Then make the Perpendiculer height of

the Stile Radius, or Tangent of 4§, and o:;
the Horizonral-ine-lay off the = Tangent

of “the Rumbs falt made, in the Table,£70
thie foor of .the Sule their right way) 3"1
aral=

draw Lihcs chrough chofe Poins, all P
lel to 12, for the Rumbs, or Virtical CIF¢
required 5 on the Meridian write SOy
and thereft in their due order,

les

Points, D. 21| To draw the Az:{‘
) e el wuth or Virtte:

S, B« 8o co . fin-
| 2 : Circles on Ree!

S. E.byS. |68 45 ing, or Inelini?s”
S 57 391 Plains.
S. by E. 46 1§ .
South. 3590 In all Reclini®®
S« by W.- 123 45 |\or Inclining PIair*
5. 5. W, 12 30 | thefe Az muths, ¥
S.'}V_.by S. | T35 | tical | Gircles s :
Sabfhile —— 1 4 Rlimbs, do meet

S 10 90 | 3 Point ( called %
S W, b. ,W‘ i“ 15 | Vemical - Poif )
W3 W, 13239 | found’ inthe Mer®” |
W. by S. 14345 | dian, o 22 ae€lo®

Weft, §5 OO | Line, righvover (i
W.byN. |66 15 |Incliners) orun

W.N.W. |77 30| ( in Rechners ) _“;i
NW.0.W. |88 45 | Apex of top s
N.W. o
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Stile, that is to give the thadow, when fet in
¥srighe place, right over the Subfile-line ;
And as far off the foor of the Sule ( beinga
"oin in the Subftile; Square, or Perpendi-
Saler to the Apex or topof theStle) in a
"ercical Line drawn through the foer of the
Stile, — to che Perpendiculer Line of the
I’lam), as the Co-tangent of the Reclinati-
On, making the Perpendicaler height of the
Stileto beRadius or Tangent of 45 degrees,
Alfs, The Co-tangent of the Reclination
Of the Rlain, ro the fame Radius, laid from
the foor of the Stile, in the | !

ame Virtcal-
ing, fhall give the Point in the Vertical-
Ine, to draw the Horizontal-line by ,  for
2 Rule laid to this Point, and the crofling the
Quinotial- ne and hour of 6; fhall draw
the true Horizantal-line.

Then make the xnce between this
oint, and the meec 14 of the Equimoétial
aud 6, A — Tangent of the Well or Faft
Azimuth inthe Taple, and then the Sector
I fet, to lay off all the reft, by taking the
= Tangentsof the Numbers inthe Table,
and [aymg them from the V ertical-point in
the Horizontal-line, boch wayes Gn the Ho-

Tizoneal-line. :
o Fory from bence. you may note, Tha} the
Sun, being in the Equinottial, doth nife and
K 3 iet
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fot near 6y and alfodoth rife near the Bt

oint, and fet near the Weft; therefore the
{fame Point in the Dial, muft be tor the hour
6 in themorning 5 and the Eaft Aximuth,
or the hour 6 a¢ night, and the Welt AZI-
muth, according as the Plain declines Ealt-
wards or Weftwards, ; ‘

Then Right Lines drawn from the Vert=
cal-point in the Meridian, and to 2l thele
Points in the Horizontal-line, fhall be the
Azimuth-lines required,

A thus for Example in the Figyre anncs
ed, being the Third fort of South-Recliners
before-going 3 Declining 35 degrees Souti-
wett, and Reclining 60 degrees, C Hiisthe
Subflile, C G theSrile, H the Foot ot the
Stile, 1 K the Verrical-line drawn throug#
the foot of the Stile I, ‘the Vertical-point 11
the croffing of 12 ( and the Vertical-line
and yet vight under G the Apex confider=
g the Reclination) and the raifing of G the

ApexSauarey or Perpendiculer o H thefod
of theStiley Thew, Llay, aPlunb-line let
fall from G, will reft in T che Vertical-poin®
TheDialibeing fet in itsdue place.

Then G H, the Perpendiculer heights
made a = Tangenr of 455 HI 15 the Ce-
tanzent of the Reclinapon, wiz. 303 a0¢
H K the Tangent of the Reclinaticn 6o be

mng
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ing the Vertical-point 1 the Horizontal-
line, from whence to lay the = Tangents, y
of the Rumbs in the Table laft.made, into |
the Horizontal=hne, = ; i

Thea Lines drawn from: the Vertical-
poine 1, to thofe Points in the Horizontal. |
line; fhall be the Rumbs or Paintsof the i
Compals, Vertical Circles, or Azimtths ¢~ ‘
quired. 1
O:berwife, ‘

Wihen. you have made the Tables of the
Angles avthe Zenith, asbetore, youmay by
this Cdnon make Tabfes of Angles ‘et the
Vertical-noint, between, the Verrical-ling
and the Rumb, tobe dxawn on the Plain,

As the fine of 90,

To the Co-fine of Reclination, or Incli-
nation § 18

Sothe Tangent of the Angleat Zenith,

To the Tangent at the Vertical,

This Table being made,, you, may fet one
Point in the Vertical-point, and defcribe a
Circle to any Radius, and therein prick off
from the Vertical-line, thefeveral Chords
of the Rumbs, as in the Table you fhall make

by the laft Canon.
K ATable
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e —

Degr{Rumbs,

oA Table, [hewing at whas Honr and Minttt the
Sun 15 iny 1z an even Aximuthy o Paointt of
the Compafiin veyv, %5 for §1-32.

Ale o

A, MJale A H. M.

s

f2-cC

12-0028-28'T2- 00

1§00

oo-c:i[ Jouch
1 155, by E.
b _;:-S. SaEs
3 ans;E.b-S
)‘ Q0 S. ]"..
&

lgi".'.E.b.E
;.:-Il';. S E.
78 45;1::.. _b}’ S,
g0 oo Eak.

28 45E.by N.
67 :o‘rE N- E.
56 15\_34,_[‘,.1.‘
45 co|” NLE

i
3
4
3
6
7

22 zoiN. NUE
11 15N by E

|©° ooiNorch.

E
3; 4;[‘I.E b.N'

61
60
58
59
b ¢
46
39
io
2L
11X

3

39
33
31
46
35

II 38?37 §8l11 24

LT
0
Ic

+ . (hN SCNo N

¥5
46
L7
42
02
1§
21
24
19

18

|
43 91

36 19'10 48
33 2512 ¥o
9 22 28
4z
51
§7

(656
8 49'

L= e = ]

ffo R N o< B

I4 I
I2 o5
8/ 17

300

Laftly, by belp of this Table, [wi»gg,mraf
for all Dialsinthe Latitude s1-32, ¢ |

done thwss

Eyrft note, The Table doth fhew, the hous

- : : . ke

and minut, together wich the Suns Alticude
n.awy, and &, when the Sunis juft of

an
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an even Rumb, or Point of the Compafs 5
fo that having drawn the hours, and quar-
ters of hours ( by the Sector eafie ito do )
through the Plain in light Lines, make pricks
1 vp, vy and &5, as the Table fheweth,

Then you fhall {ee that a Rule laid to the
\f'mjca]:puint, and any one of thofe three
Poines fhall cut the other two, if the former
Lines be uue, and you eftimare the minuts
well,

Note, That this laft Table in the Equi-
Noctial, is thus readily made, by Sines and

angents,

As the fine of 90, to the fine of the Latitude;

S0 is the Tangents of the Azimuths from the
Meridian, being the firft column in the
Table,

To the Tangent of the Angle between the
Meridian, and Azimuth Liné on the EL
quator, which dre the numbers 1n the

6th columu, - reduced into hours ands
Mminues,

So that yon fee the Azimuch of 454 or
Rumb of $.E. will crofs the Equinocial ac
28 minues paft 9, asin the Table ; which
Table is caily made by the Trianguler-Qua-
dl'a.nt, by the Rules in Chiap, X Ve

VL Te
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V1, Todeferibe the Almicantersy, * the
Parallels of the Suns Alrsrust above
rb: .Han':-_an.

Fuft, on the Equinogtial, thefe Lines
fhewing the Suns Alntude, .canpot be &=
prefled.

Onthe Horizontal Diaf they are Circlesy
making the Perpendiculer height of the Stile

Radius, or Tangent of 45 3 prick off on the

Hour.line x2, from the footof the stiles
the — Tangent of 10,20, 30, 40, §0, 692
&¢c. ThenonePointof a pairof Compafles
fer in the foor of the Stile, and the othef
opened to 10, 20, 30, &c, draw chofe
Ciicles for the Parallcls of che Altitude #¢
quired.

For all Ere Dials, whether Diredt of
Declining, they are beft done thuss

1f the Stile be'in, and righe fet, thenthe
diftance from the Nodus, to thecroffing ©F
the Horizontal.line, and Azimuth.line, 07
which you would prick down the Algicudes
fhall be the — Tangent of 455 then the
Seor {o fer, the = Tangents of 10,20,3%
&c. laid from the Horzontaldine on the
refpective: Azimuchs, fhall be Pointsto draw

the Parallels of Aluwude by (orby applyil;ﬁ
the
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thie Rule tothe Nodus and Plain, and the
Dlired to the Almicanter ) as afterward is
plainly fhewed.

But if the Sole 15 not in, then the Secants
0 the fame Numbers and Radius, that
pricked down the Azimuth Lines, fhall be
the feveral Radinfles co ufe as betorey where
You may note; That the Suns Meridian Alei
tude in the whole even Signs, will h-:Ip to
prove the truth of your work,

The Eaft and Weft Ereét Dials, are fitted
with Parallels of Alucude in the {fame man-
ner 3 for the Perpendiculer heighe of the
Stile; is 2 Tangent of 45, and the = Tax-
pents of 113§, 22-30, 33-4%, &c Jud
from the foot of the Stile inthe Horizonral-
ling, draws down-right Lincs for the Azi-
muchs ; and the Secant of 11-1§, 22-30,
33-45, &c. fhall be the feveral Radiuffes
to prick off the — Tangents of 10,20, 30,
405 505 66, ( or what you will ) onthofe
I)QTi’C'1d1Culer Azimuth Lines, for the Al
bjcanters, or Parallels of Altirude required,

Buc for Declining Reolins=g Plains, you
muf firft draw the Azimuch Lines;as beore
15 fhewed, and then find 2ifo che length of
the Axis of the Horizon, asMr. Grarer calls
1ty which is thusdonc

Make
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Make the: length of che Perpendiculer-

Stile a ==Tangent of 45, wiz. G H FigIL, ‘

then HI is the Co-tangenc of che Recltna-
tion, and H K the Tangent of the Reclina-
rion; and then, as che SeStor #ands; the
Secant of the complement of the Reclinationls
{hall be the length of the Axis of the Hort-
zon required, wiz. G I, orby.theSines and
Tangents Aruificial,

As the fine of the Reclination, to the
fineof 903

So 1s the length of the Stile ‘on the Lin€
of Numbers, being takenin inches and
100 parts, to the length of the. Axisin
thefame pares.

Which is an imaginary Diagonal Line,

reaching from the Apex to ‘the Vertical

point,

*

This being found, you muft find che
Angles between this Axss and the Horizon*
tal-line, onevery particular Azimuth 3 and

laftly, the diftance between the Verticale.

point, and the Parallels of - Alcicude, one=
very particuler Azimuth Jatt drawn.

For theé doing whereof, you muft work
as you did before, to lay off che Signs, or the
Parallels of the lengrh of che Day, fi)f;_hﬂ"‘

Hiil=
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Algicanters, bear the fame relpect or pro-
portion to the Horizon, as the Parallels of
the length of the day have to the Equator,
and are' defenibed in the fame manner, as
followeth, = Sez Figaure 111,

Firft, draw the Line A B, and make A B
8 Chord of ‘6o, and fweep the Arch of a
Circle, and lay off 10, 20, 30, &c. and
draw the Lines from A the Center, and
mark them with 10, 20, 30,49, §9,'60,
the even 1oth degrees; or, 45 for equal,
26-34 for double, x1-19 for § times, ‘the
lengeh of the fhadow and objeét, of wha
you pleafe, i
Then,

Draw AC Pc:rpcndiculcr ‘to AB, and
lay off the length of the Axis “of the Hori-
zon from A to C ; thea make A C the Co-
fine of the Reclination, arid ‘as the Seltor
ftands, take ouc the fine'of the Reclination,
and lay it from A to D, and this will be the
diftance from the Apex to the Horizonj
Alfo, the fine of go fhallireach from Cto
D, the diftance berween the Vertical-poiric
and the Horizon 3 alfo'the neareft diftance
from A to C D, 1s the Perpendiculer height
of the Stile A F.

Then;
Take the diftance from I, the Vertical-

point
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T Zrchzam‘.dy Li.fw







158 1
point ofi the Plain, tothe Horizon o CygkYy
particular Azimuch Line, and Jay them i
the Trygon, ox 111 Figure, from C t0 the
Horizontal-line A D, produced if need be 3
and draw thofe obfcure Lines, as in the FI-;
grrey and ‘mark them with the. Names Ot
the Rumbs, to avoid confufion 3. chen i
your Trygon made ready for ufe.

: en, - o
_ Take the diffance from C: in the Trigors
to.every erolling of the Azimuth-line and
Almicanter, and lay it on the Plain from
the Vertical Point I, on its proper Azimuthy
finifhing one Almicanter before you meddle
withanother, and the work with patience
and diligence will be performed; thelines
are o be drawn’ from Point to Pding, wigh
a fcady hand, or a bending thia Ruler, bés
ing Conical Scétions,

WNote,

- That when the Vertical-line of the Plain
falls on an even Azimuthy shen balf the
number of Rumbs will {erve, beinz lard
each way on both fides at onee, :

Or,

Having a Table of the Angles at the Ze-
nith, the fame as you made to draw the A«
zimuth-lines, drawa Line at any conveni-
ent diflance, Parallel to A C ; che furcher
from
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from A C, the larger and better, as DEF
W the Figaré; and note, whereCD crofles
the laft Line EF, as at D; make DE a
Parallel fine of 9o, and lay off the fine
complements of the Anglesat the Zenith in
the Table, from E towards D, and draw and
mark che Linesg as in the Figure.
Otberwife,
~ The Stile being fixed, and the Dial fet i
its place where it muft be, or atleaft feete
the fame Reclination, and Declination that it
muft bes chen if you apply the fideof the
vianguler Quadranc to the Nodus, and the
corner at the end of the fame edge that
toucheth the middle of the™odus to-the
Plain ; and at the fame time, the Thred and
lammet plavitg neatly onthe Almicanter
You would dritw, you may find as many
oints, and mark them as you pleafe, with-
ourzll the former trouble, and v may be
2¥Ery whit as nrues if theunder-fidebeine
convedient, you may ufe the npper; only
_be fur2, that the fide you apply, and the
Thred and Plumme: slay ‘ot the Angle’ of
the Almicanter reanired.

VI, 7o




'f x60 7]

Jaeely Fatia |

V1L, To-draw the Circles of Dofitsonis
or Honfes.

I

.. The Circles of Pofition, or 12 H?“[CS{
meer and crofs one another in the croffing of
the Meridian and Horizon 3 therefore the
Horizon is the begining of the 1ft and 7th
Houles, beginning ac the Eaft, and reckon-
ing under the Earth, by Imum Celi, to the
Delcendant, or 7th Houlfe, at the Wefl-patt
of the Horizon ; and fo to Medium Celis
the beginning -of the 1oth Houle, to thit
Afcendant, or Horofcope, the beginning o
the aft Houfe.

Todraw thefe on the Horizontal-Dial,whert
they are Parallel Lines to the Hour 525
Ao thus 5

Take the diftance from the Apex tothe

Equinodtial-line, and make 1t.a = Tangent

of 455 then the — Tangent of 30 desree
laid both wayes onthe Equinoétial, {hall

- give Points to draw Lines b ¥y (= 0 X2y for

the Houlfes required,

For all Upright Dialsand Recliners with
Centers, ftreight Lines drawn from the
meeting of the Meridian-line and Horizon,
to every two hours, counting from 12 on

the
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the Equinoftial, fhall be the Houfes or
Circles of Pofition required.

For Eaff and wift Dials, take the Radius
as before, wiz. from the Apex to the Equi~
noctial-line on the Plain, which here is the
Meridian (and but the length of the Stile)
2 Tangent of 45 35 thenthe = Tangents of
30, 60, and laid from 6 on the Equinoétial-
line, gives Points to draw Lines Parallel co
the Horizon, for the Houfes required.

For Eaft and weft Rechiners, the Perpen-
dicyler heighe of the Stile made a Secant of
93 then the Secant of the Stiles Elevation,
thall be Radius to prick off the — Tangents
of 30, 60, on the Equinotial-line from the
foor of the Stile, whereby to draw Lines
Paralle]l to the Horizon for the Circles of

Ofition required.

All thefe Lines may moft elegantly and
eafily be drawn and exprefled, ona large
Ceiling, with competent exa‘tnefs in this
malu:ltf foll{)“,’ iﬂg. .

Firft provide a Quadrant of Brafs; or
thin Wood, of aboue a foot Radius, or 14,
15, or 36 Inches; alfo, a Scmi-circle of
Bl'afs, of about half an inch broad, and a-
bout an inch lefs Radiusthan the Quadrant:
ﬂfxt Semi. circle muft have aveach end, fome-
What more than to make up 180 degrees,

X )




162 ]

X

to nail to the Tranfum, or froke of the Wi the Semi-circle- t
dow, where your Glafs is to lic. . Quite the half-ro
Alfo, to one Ray of the Quadrant muft uleful, ;

be fattened two ftrong Wyres, to faften the Then is the I
Duadrant to play after the manner of 2 | Tation.

Cafement, one Point in the Ray of the Owa- L . . . %,

Tk

= y

; !

= 1

3 (

A

S

[T |

|

=t i o |

T?anﬁ{m of the \‘Vindow, by Putting two tudg?, and Azm‘

little birs of Wood under the ends, that the Latitude you ¢

Luadrant may play evenly and fmoothly or Firft, fec the

the
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the Semi-circle= to almoft the half-round, fok
. quite the half-round will not be neceffary, or
b ouleful, ‘
Then is the Inflrament fet fic for its Opes
| Tariom. :

Gyd the Declinatson, or vather
‘e CMetidian-ling.
sadrant till che edge be jufk
, and ‘ac the fame inftanc get
ithy then if you count fo
ns Azimuthis, on the Brafs
om the place the Quadran
cht way, a Line drawn frod
1e Semi-circle, or Quadranty
is the true Meridian Line;
i muft carefully find by two
and thed mark it wich Ink
an the Biafs Semi-circle, to
e, in fereing the Quadrant
imuth, ac every hour and

e Points you intend to draw
@/ : which a crooked Rule fct
S5 semti-circle, to pafs to and fro

irant, will make cafie.

i ng a Table of the Suns Altis
tude, and Azimuth, at every hour in that
Latirude you draw thie Dial for;

Birft, fec the @aadrant 10 thie Azimuth a¢

L2 the
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to nail to the Tranfum, or ftroke of the Wina
dow, where your Glafs is to lie.

Alfe, to one Ray of the Quadrant muft
be fattened two {trong Wiyres, to faften the
Ouadrant to play after the manncr of a
Cafement, one Point in the Ray of the Q#4-
drant next the Center, fticking in the hole
where you intend the Glafs fhall Tie; an
the other end faftened toa piece of Wood
nailed on the two upright Pofts of the Win-
dow, fo that howfoever you turn the Qaé-
drant, fixed on thofe two Points, it may be
precifely Perpendiculer, the Semi-circle play-
ing all the while through ahole in theo=
ther Ray of the Quadrant,thas lies Horizon-
tally 3 having a Skrew to {tay the Quadrant
atany Azimuth, asin Fignre IV, is plainly
expreffed to your view,

Then having degrees on the Semi-circles
and 2lfo onthe Quadrant, and having ficted
the Quadrant on his Points to play precife-
ly Perpendiculer, which the Plammet in
the Quadrant will fhew,by turning it round
about, and pur in the Semi-circle through
the hole in the Horizontal Ray of the Q#a-
drant, and nailed it fo to the Stoole or
TFranfums of the Window, by putting two
little bits of Wood under the ends, that the

Luadrant may play evenly and fmoothly of
the
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the Semi-circle= to almoft the half-round, fot
 quite the halfround will not be neceffary, or
\lfcfu’l- ]
Then is the nffriament fet fic for its Ope=
ration. :

Then firft, to find the Declinations or rather
the true CMesidian-line.

Turnthe Quadrans till theedge be jufk
againft che Sun, and ‘at the fameinftanc get
the Suns Azimuthy then if you count g
much as the Suns Azimuthis, on the Brafs
Semi-circle, from the place the Quadrant
ftands at; the right way, a Line drawn frod
the Center of the Semi-circle, or Quadrant;
to that place; is the true Meridian Linej
which place you muft carcfully find by two
or three tryals; and thed mark it wich Ink
or otherwife, on the Brafs Semi-circle, to
count from theace; in ferting the Quadrant
to the Suns Azimurh; ac every hour and
quarter in thofe Points you intend to draw
on the Ceiling ; which a crooked Rule fet
to 00, onthe Semi-circle, to paf§ to and fro
with the Quadrant, will make cafie:

Then, having a Table of the Suns Altia
tude, and Azimuth, at every hout in that
Laritude you draw the Dial for;

Firt, fet che Quadrant to the Azimuth at

L2 the
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the Lout, Eoun'teg :ha4ri]gh: way from the
marked Meridian-line on the Semiscircle,
and there skrew it faft; Then extend the
Thred faftencd in the Center of the Oxa-
drant, -till ic cut the Alditude of the Sun at
the fame hour and Azimuth, on the degrees
of the Quadrast, and extending the Thred
to the Ceiling, make a mark for that Hout
and Alticude 3 thae Point at that time, gives
the true place where the reflefled fpot wi
fall, atthat Hour, Azinuth, and Alcicude
on the Ceiling of the Room.

This work repeated as many times as ther¢
be hours and quarters in the Summer, and
Winter Tropicks, for about § hours, (and
in.the Equinottial, and any where berweens
af you pleafe ) fhall give Points erough ©
draw tﬁc Dial, and alf> the Tropicks, and
Azimuchs, and Alritudes allo, if it were
convenient to mark it ; Ory to any other
Alritude you mind to have at thar Azimuth,
allat once, or armoft with two {lips of the
Thred 5 the Iralian, Babylonifb, or Fews(h=
Hours, as cafily drawn by Points found in
the other Lines,

Alfs, On the Meridian.line, you may add
the day of the month, or any thing that
depends on the Suns Meridian Altitude’s
which work being well- done, and‘dra\_a';&

witi
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with fmoth Lines, and well ornamented;
would be 2 comely. &7 pleafant:Ornament to
a Ceiling, and far cheaper then fome frec
Ceilings are doiic, and-more uleful.

Lafty, Whenallis done, to pusthe Glals
in right, the Foile being ficfk rubbed off, to
to caufe it to give but one fpot; let the Supera
ficies of che Glafs lie juft {o high as the Cen-
ter of the Quadrant-was, in the drawing
the Lines, and put fope Rutty uaderir,
and the Sun fhining, make it t@ play right
on the true Hour, Alritude, and Azimuth 5
or, if itbe juft at noon; then bend icon the
Pucey with your finger, till it fall juft oo
the Meridian, and day of the Monthalfo in
the Meridian-line.

Alfo note, That look what Alritude the
Sun hath at any time,, the fame will the re-
flected Altitude be, at the fame time, if the
Glafs lic true, which two Obfervatorsat the
fame time may carfully prove,

T'he making of the Ts#les of the Suns
Altrudeand Azimuh,is very largely fhew-
gd in the xgch Chapter, Tfe the 37th and
38ch, where you haye wayes both gencral
and particular, for any one or moreLati-
tudes,

L3 The
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The Figurs Explasn®i,

A, the place on the Tranfum for the Glats
to lie on, and in the middeft thereof on¢
Point, in the Ray of: the Quadrast, 150
fiay : TH, a piece of Wood tobe nailed

aft at H and 1, for theother Paint to play

inat G: L, the hole for the Plummee to
play in, being cut through the thin Qwa-
dranys - BandC, the ends of the Suni-
circle, nailed on the Tranfum or Stoole:
K, the hole inthe OQwadrant for the Semi-
circularRing to pafs through: FE, the
Poftscf the Window: D, the beginning of
the degrees on the Semi-circle: ~ AM, '3
Thred extended from the Center of the
Qadrant 1o the Ceiling,

Thus you have the ufval wayes of Dialing
in a competent mealure, plainly, and
praétically handled, which may be ufe-
tul vo ‘many a Learnery and Ihope
will be aswell accepred, as with free-
wall (though with lictle ability, and kefs
lafure) readily impareed,

A Tabls
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A Table of the Suns Azimmth from the
Somrk, at every Hour and Quar-
ter, §I-32.
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A Table of the Suns Alritude, at every Hony
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and Quarter in each Sign,for §1-32.
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I

The Defeription and fome Ufes of the
Sphear for Dialling, and for the
better underflanding of the gené

ral and particular Scheams.

Ext the Foo: and Semi-circle Frame for
fupporting of it, you may confider 5 .
x.. The fixed Horizon, to whith che Fo°

is fattened with 4 skrews; - numbred a0® |

divided into 360 dearces, or four 9o degs
whofe count bezins at.the Dividecs fide of
the Meridian-Circle,

2. The Meiidian Circle, whofe fore-Aidt |
at the Nadir-point flands in the Center 0
the Foory this is alfo divided into 4 9%
and begins to be numbered at the South an
North part of the Horizon,upwards towar
the Zenith, ' and downwards toward the
Nadir; which Circle is alwayes fixed asthe
Horizon 1s. ,

3. The Equinoial Circle; made faft #
the Eaft and Welt Points of the Horizofly
inoving up and down upon the _Mcridiai"
Circle, according' to the Elevation: of thf
' Equinoti?
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ﬁkllm_o&ml in any Latitude; chis is divided
Mf\yife into four go*, 8 numbred trom the
Pt_ndmn each wayes to the Eaftand Weft
%Ints of the Horizon,
4. On the Meridian Circle,is fet 2 moves
lePoles, to be elevated or depreffed fit to
e Laticude of any place; on the Fiducial.
;dge of which, isfafgencd the Thred, repre<
fnting the Axis of the World, atany Eleva.
“on of the Pole.
5. Onthe 2 Pole Points, is faltened the

- Hour Circle, which delineates or reprefents
| the motion of the Sun, or any fixed Star,

Moving in its fuppofed Diurnal motion a-
2out the Poles of 51& World, and may not
Mproperly be called the moveable Meridian
Uircle, or Hour Circle, divided as before.

6. The Moveable Horizon, that moveth
bour toany Azimuth,and {lidethor moveth

' In rhe fived Horizon.

7. The Plain, fised in 2 oppofite Points
to the moving Horizon being fet, cither
Horjzontal, when it lies Parallel to the fixed
Horizon 3 or Ereét; when Perpendiculer
thereunto 3 or fet to  any Reclination or In-
thination, by help of the Semi=~circle of Re-
clinacion, faltened to the backfide of the
Plaig in the 2 Poles thereof, ‘
Sl E RO 8. Yoy
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8. You have the upper moving Semi® ;
circle, in turning about of which, whatever 'y
degree the fore-fide of the Semi-circle cUt
the Perpendiculer-point cats the comple- |
ment thereof, and to be called the uppe™”
Semi-circle, or Circle alwayes Perpendic*
ler to the Plain. W
9. Theteought tobe a Thred faftened 19
the Center of the Plain, to be extended to 287
Altitude or Azimuth required.
Thus much for Defeription, repezfﬂd A
gain in fhort thus
The Horizon; The Meridian g The
Equinoctial Circles; The 2 Pole Poit®
and Axis 3 The Hour Circle, or Moveab!®
Meridian; The Moveable Horizon ; The
Plainy  The Semi-circle of Reclination
The upper Semi-circle, and, The Thred. |
Note alfoy Every Circle is divided m@
4 times 9o, and numbred the moft ufc
way.
eAlfo, onghe Plain is fet the 2 Month®
and every finigle Day 3 on which every 57
fpective day, 1f you extend the Thred, thef
inthe degrees, is the Suns Righc Afcenrio?
in degrees (on the innermoft Circle, the
fame in hours and quarters) from the nest
Equinottial. point, on the Line of Declinai=
o, hi mean Declination 3 on the L'melo
he
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1 e Suns place, his mean true place, fufficis

?:alr true for any illuftration in Mathema-
praélice, \

The Wfes whereof in fome part follow,

‘1, To retifie the Sphear to, any Lari-
Ude, count the Elevation of the Poleon
the Meridian Circle, from the Horizon u
Wards, and downwards from the North and
outh parts of the Horizon 5 and there
Wake faft, with the help of the fmall skrew,
the Fiducial-edge of the Poles Points, care
Ying the Hour Circle fixed upon them, then
the Pole is rightly elevated,

2. Count the complement of the PolesE<
levation on the Meridian, from the South
part of the Horizon, and to it fetthe divi-
ded fide of the Equinogtial Circle, thenis
that re&ified alfo ( in the Northesn Hemi-
Iphere, or in the Southern,  if you call the
North Pole the South Pole).

3. Excend the Thred or Axis paffing
through the Center to the South Pole, and
there make it faft, and then the Sphear is
gedified for many Ules in that Laticude.

uk I,
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Ufe I,
@he Day of the < Month being givens 10 find

the Suns true Place.

Lay the Thred in the Center of the Plain
on the day of the Monthy and in the Lin€
of the Suns place, you have his place,

Example.

On the sth of November, it is 23 degree®
inz 3 or if che Suns place be given, ook f0f
that, and juft againit it, in the Months, #
the day required.

Ezxample,

The Suns place being 15 degrees I look
- fo it in the Line of his place, and juft againft
it Lfind Fuly 28 day,

Ufe II.
Ta find bis Declination any day.

r

Look for the day given, and right againt
it inthe Line of Declusation, is his due D¢
clination required, :

Example.

Augaft the gths The Declination is 54 |
degrees gminues from the nexc Equinoétial” |
point, viz. =, |

Note, In the Northern Sines,or Summet-
gime,
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fime, the Sun hath North declination § or
I Southern Sines, or Winter-months, the
un hath South declinatian, Or if you have
the Suns declination, find that in'the Line
linacioni, and right againft it in the
nchs is the day required.
Example.

21 degrees South declination, beginning
from the Equiuo&ial towards the Winter
Solftice, I find Novemb,x5. Thelike work

d been, if the Suns place had been given,

. "0 find his declination.

Ufe IIL,
The day given, tofindthe Suns Right-

Afcention.

This is ufually reckoned from v to’,
round, in 24 hours; but twice 12 is as
ufefal, and then it is thwe ;

Find the day amongft the Months and
Dayes, and juit againft it, is the time of
Hours, is the Suns Right Afcention; (but

wate, it is mot right figured for chis ufe)
counting onwards from v, or the roth of

March, to the 13th of Sepreapb, and from
thence ro Aries again 3 Likewifc the degrees
arc to be reckoned from v onwards, as the
Months proceeds

E.mmlpfg.
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Example. . v
On the 12 of ¢May, what is the Suns
Right Afcention ? Lay the Thred on the
zath of May, and intheLine of Hours 1€ 3
cuts 9-57’ counting from Aries onwardss
or in degrees §9-1¢, counting as beforé
Thus, if any one of thefe 4 general thing?
be given, the other may be found,

Life TV.

The Suns Declination and Latitnde btinf |
given, to find the Suns Meridian Al
titnde '

The Sphear being retified, count the |
declination on the Meridian, from che Equi-
noctial, that way the declination is, eicher
North or South; and where the count ends;
there is the Meridian Altitude required for
that day, or Declination,

: Example.
Fune 13, Beclination 23-30/3 Count
23-30, from 38-30, the place where the E-
winoctial ftands, for 5 1-30 Laritude, ao
theaccount will end at 62 degrees, the Suns
Meridian Altitude ac thac Declination
Northwards: Bu, if it had been 23-30 ‘

South Declin_atiop; then count as much
from the Equinottial downwards, and che
ke count |




izz

count will end at 1§ degrees
Meridian Aldtude, at 23-3

flation,
Hie V.

The Suns Declination and Latstude ée:'ng

givm, to _ﬁmf the Suns ‘&'ﬁﬁg or Sete
1ingy and Amplitudey Eaft or wef?.

, for the Sun;s
o South Decli-

Count the Suns declinacion on the Hour.
Circle towards his proper Polesthat 1s South~
declination toward the South-Pole, and
Nor:h-dedlination towards the North-Pole,
and chereunto lay the Thred that 1s faftned
i the Center; then bring the Hour-circle
and Thred both together, till the Thred
touch the Horizon ; then the Thred onthe
Horizon fhewsthe Amplisude, and the di-
vided-fide of the Hour-Circle, thews the

‘Suns Rifing and Setting on the Equinoctial,

counting the Meridian alwayes 12, and the
2 Falt and Weft-points 6, and 1§ degr. for
an Hour, and every deg. 4_"}in.
Example,
une 11. Declination 23-30, the Sun
Rifcth at 137 before 4, and the Amplitude
18 near 40 deg. :
Ag;z;:;gj
April yo. Declifiation 11-30, the Am-
plicudeis 18-30 from¢he Eaft to the North,

M and
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and Rifethat 5, the Hour-circle cutting 5
degrees on the Equinoctial,

Ufe VI.

The Declination & Latitade, ¢ Suss A=
tude given,tofind borh Hour & Azimuth-

Retifie the Sphear, and fet the Plain ho-
rizontal ; that s, Level or Parallel to the
Horizon 5 then apply the Thred to the De-
clination, counted the right way on che
Hour-circle 3 then turn the Hour-circle an
upper Semi-circle about, till the Thred cut®
the degrees of Alritude in the upper Semt”
circle, and the Hour-circle, {hews the hout
in the Equinoctial, and the Semi-circle cut®

the Suns Azimuth in the deg. on cthe Hort® |

zon or Plain,
Example.

Declination 10, Lacitude §3-30, and the
Suns Altitude 303 the hour will be 8-27»
and the Azimuth 66, from South Eaft:
wardsif inthe morning, or the contrary i
in the afcernoon,

Ufe VIL

The Hour,.or Azimmth, and the Suns De- !

clinasion given, to find the Alritnde,

The Sphear reificd, asbefore, and th¢
Hous
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Hour being given, et the Hour-Circle to
the hour on the Equino&ial; then bring
the Thred to the Declinarion, counted on
the Hour-circle 3 then bring the upper Semi-
circle, nll the fore-fide do juft rouch the
Thred, and the Thred on the Semi-circle,
fhall fhew the Altitude required 3 and on
the Horizon, the Azimuth ar that Hour,and
Alriude.

But if the Azimuth be firft given, then
fet the upper Semi-ciscle theréunto, . counted
on the fized Horizony then the Thred laid
to the declination, on the Hour-circle, -and
turned about till it touch the upper Semi-
circle, there it (hews the Altitude 3 and the
Hour-circle on the Equinoétial, fhews the
hour'

‘ Ufe VIIL
To find the Suns Heighe in the Pertical-
Circle,

Set the upper Semi-circle to the Faft or
Weft-Point, or go degrees of Azimuths
then lay the Thred to the declination on the
Hour-circle, and then bring it and the
Thred rogether, till it juft couch che upper
Semi. circle, and it fhall there thew the Al-
titude a¢ Eaft or Weft required,

M 2 Example,




Example. ;.
‘At 10 degtees Declination Norch, it Wil
be Eaftat 16 dezrees of Altitude,

Life TX.
To find the Suns Alritwle at 6,

Set the Hour-circle to 6 on the Eguinocti”
al, and the Thred to the Declination’ then
bring the Semi-circle to the Thred, and K
fhewes the Altitude at 6 required.

Example. :

At 23-30 Declination, the Altirude
18-15 above the Horizon in North-declind”
tion; and as much under in South-declind
tion ; for, you muft obferve that the furel
working 1s from the upper or di\’id.c_d—_hc'lcs
of the Rings, en every occafion tonicit,

ufle X,

To find the Hozr of the Day, whes the
Sun [binetk.

Reéifie the Sphesr, and fer the Plait . |
Parallel to the Equisioftial-circle 3 then i
the Meridian-cirele due Nogch and Southy
and the fhadow of the Axis fhall onthe

Plain, fhew the txue hour,

Or;
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Or, otherwfe thus «

At the true place of the 9u 1s Declin
on the Hour- circle makea mo 2, Of il
point of aPin, then turn the 'Ph A 2
b)w.-. []H the {h&dﬂ'“" that marlk £y ta[] o8
the C Ceuirer 5 ( the SDH@"’Y {ftandin ;
tal, as nsar as may be) then the Hour-
circle {hall, on the Equinoftial, fhew the
hourof tht’: day required,

Nete, A {mall E: I, or knot on the
Thred, will do the but fncfs as well asmay
be.

Thus any the like Q_lﬂm ns may be

vrought orthe‘u[.nr or the manner of
lullm the Canon for any Spherical Triang ale
whatever, to work the fame exaétly by.t "‘c

LU(’A‘-?‘I[J«‘?TS.
-3

As thus
Suppofe I would make the Canon, or
Propofition, to find the Suns herghe in the
Vertical Cirele at any declination.  Firdl,
The Sphear being rectified, and che Plate
fet H(Jl'i70'1i'.ill l}alﬂ.'r the uv)pcr Seini-circle
to the Faft-poing, and 3 ring the Thred to
the declination on the Huur cncle, bring it
and the Thred t"g,eum, till it juft couch the
Upper Semi-circie.
The Rings or Circles fo ftanding,
M
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being, great Circles of the Sphear, thercis
conflituted. a Spherical-Triangle this
form 3 :

Wherein you have,

Z E, 51-30 the Laritude, the Angleat
the Equinoéhial 3 and ZE 9o, the upper
Semi-circle; and A B 22-30, the Declina=
tion, partof the Hour.circle; to find B E;

art of the upper Semi-circle : Now this
Ecing a right-angled Sgherical-Triﬂllgle:
and the parts which are given, being on€
right Angle, viz. The Angle at A, andthe
Side A B, the Suns Declination 3 and the
Argleat E §1-30, to find the Side BE 3
MNow the Sines of the fides of Spherical-
Triangles are proportional to the Sines ot
their.oppofite Angles; and the contrary.

Therefore,
As thefincof the Triangle BEA 51-30
Isto the fine ofthe Side AB 23-30
Sojs the finc of the Angle BAE gc-00
To the fine of BE 30-39

And the like for any other, as by com-
paring the Rules in Mr. Norwoed’s Tri gono-
metry, and the Circles of the Sphear roge-
ther, the ufe 2nd convenience thergof wil
evidently appear unto you,

OI,-!’
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Only note this plain Obfervatios.

That the fide of a right-Angled Triangle,
which fubtends the Right Angle, is moft
properly called the Hypothenufa ; the other
which you make or {uppole Radius, the
Baje. The other, the Perpendicyler. Or
wore [hort, The Hypothcnufa and Leggs:
Thercfore if .the Hypothenufa and one Leg
he given, the pmpartiom 15 wrought by
Yincs alone s but if the two Legs be given,
nd firft and fecond in the Queftion, then
he Proportion 1s wrought by Sines and
fangents together.

As for Example.

Asthe ineof A 9 90-00

Tothefineof & & 23-31

Soisthefincof v w 3¢-00

To the fine of w R 11-31

The Suns Declinacion in &,

Again [econdly,
Asthe fine of v A 9o-co
Tothe Tangentof Lo 23-3%
So is the fine of vR 2754

Tothe Tangentof R 11-3%
The Declination as beforg.
Byicif the onc acute An gle, and his oppo-

M4 fitg




fice Leg or Side be given, thf‘n the Proporti=
onis made by Sines only, as in the forc-
gomg E.mmple.

e/.f(mm,

Tn Vertical hrlﬂ.ll"[ts that have thfﬂ”
acute Angle ar the Bafe} as the Triang!
P v s, and v R, being equal Angle
at w5 the fines of rhr: Bafes are prom\rmm

alto the Tangents of the Pc.pendmﬂ»fs
and the contrary,

c
a
€

L;!Lﬂ Wl. fc,
The Sines of the Perpendiculers, as pro-
portional to the Sines of the Hypothenulacsy
and the contyary.

oA for Example.

Th for Perpendicnlers and Bafes.
Asthe fine of the Bafe pai 6c-00
To the Tangent of Perpend. S

)

P 66-2
So the fine of the Bale o R 11-371
Yo the Tangent of Perpend. V'R 27-54

Or,

Asthe Tang, P thePerpend,. 66-29
Tothefine o the Bale 60-00
Sothe Tang, v P Perpend, 27-54
Tochefne Ry the Bafe 1133
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Alfo for the Second, viz. Hypot hensfaes
and Perpendiculers.
As the fine of Hypothen, Py 78-29

Lo the fine of Perpend. P 86.29
.3;3 the fine of Hypothen, Vi 30-00
l'o the fine of Perpend, v R 27-54
Oy the contrary thms ;
As fine of Psrpcnd. P 66-29
To fine of Hypothen, Py 78-29
So fine of Perpend. vR 27-54
To fine of Hypothen. VY 30-00

This being premifed, when to ufe Sines
2lone; and when to wfe Sines and Tangents
together, yon may reftific the Scheam to
Your prelent purpofe, and feethere how the

riangle lies in its Natural parts, very plain
and demonftratively to be apprehended,

The
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The ufes of the Sphear
DYALLING.

O ¢his purpole, you muft take norices
That the Sphear is very excellent t0
demonftrace that Arc ; efpecially all thofe
Dials whofe Stiles have any competent Eles
vation,

,
Therefore firft to explain the terms.

The Sphear being reétified to the Lati=
tude; Then, firlk the Plain, or Broad-plates
is to reprefent any Plain how foever {cituates
either Horizontal, or Ereét Direct, or Direct
Reclining or Inclining, or Eaft and Welt
Ercét, or Reclining, or Inclining y or Erect
and Declining, or South Declining, or Re-
clining or Inclining, lefs or more than tothe
Pole or North Declining 3  or Re-inelining
Yefs, to, or beyond chie Equinoctial.

Of which in their Order-

1. By Horizontal 1 mean, twhen the

' Plain

/
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lain is fet even with the fixed Horizon, and |
' Mie Norch which the Semi-circle of Recli-
' Mation paffeth in juft againft the Meridian ;
en if you frech theAxis fireight, and
tng the upper Semi-circle juft to touch the
Xis 3 then the Axis, on che Semi-circle,
ewech the Stiles heighe ;5 and the Edge of
ie Semi-circle on the Plain, thewsthe Sub.
tile t pe in the Meridian.

For all the Howr-Arks on the Plain,
dothws 3 ~
Set the Hour-circle to every hour ‘and
Quarter on the Equinotial ; and then if yow
Fing the loofe Thred," faftened in the Cen-
®er of the Plain, along the Plain dill it juft
| "uch the Hour-circle, then on the Plain it
thall fhew the Angle from 12, for that re-
: [ft‘.&ive hour and quarter the, Hour-circle
| tands ac on the Equinoétial, accounting
3-45 for aquarter, and 7.30 for half an

hour, and 15 deg. for every whole hour,
s was hinted before,

2, For an Erell Divest Somth or
N’JI’(IJ-D;};!,

Juft as the Plain ftood before, that is to
fay, the Nocches of the Moving Horizon 2-
Baint the Meridian ; turn che fixed Semi.

gircle
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circle, till the divided fide of the Horizon
cuts no deg. on the fixed Semi-circle, thes
the upper-edge of the Plain relpeéts the Ze-
nith, and the lower the Nadir; and the
two Notches in the Moveing Horizon ( be-
ing alwayes the Poles of every Plain) ar€
juft in the Meridian ; thercfore ic isa Direc

Plain, and Eref, becaufe Upright witho®
any Reclination, as the fised Semi-circle
fheweth, Then being fo fixed, and made fal

there, pullthe Axis fireight; and bring the
upper Moving Semi-circle juft to touch the
Thred or Awisy then on the upper a0

lower Semi-circles, the Axis fheweth the
Stiles Elevation 5 and on the Plain the Semi~
circle cuts the Subftiles diftance from 122
@iz, 00, becanfe a Direét Plain,

And tor all the Hour-Arks on the Plait
fer the Hour-circle to every hour, quartefy
and half hour on the Equinotial; an
bring the Thred eafily along the Plain; ©
it juft touch the Hour-circle 5 then on the
Plain ic fheweth the Ark from r2 requireds

Alfa nate, The feveral Triangles made of
the Meridian, Equinodtial, and ‘Hour-circle,
s 1015 fet unto,

at every ho
As thusy

Suppofe at the Pole, 1{ee P 5 at thecnts

) inofial, and Meridian, £

t
at

: e
ting of the Eq
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At the fpper-end, or Zenith, fer Z ; on the
feridian, and where the Hour-circle cuts
the Equinoctial, at x8 x1,fet x5; atz
& xo, 303 at3& 9, 455 at4 8 8,604
Bt & 7,753 and'at 68 6, 90.

Thenthe Triangle rans thus
As the whole fine P & 90-00
To the Tang, of & 15 15-00 one Honr on
(the Equinettsal.
Sothe fineof PZ 38-30
othe Tang. of Z 11 11-28 the meafure
(onthe Plsin for 13-,

The like work ferves for all the reft.

But note, Becaule the Hour-circle cannot
pals by 12, yon muft turn the other-fide,
orhalf, for the afrernoon hours,

Alfo note, That if the back-fide of the
Phindo not well reprefent the South.fide,
being the more yfeful Dialy then if you
hold the Sphear with the foot upward, the
Zenith becomes the Nadir, and the North
Plain a South Plain, to appear more Plain to
the apprehenfion, )

3. Fora Direlt Reclining Dial.

For thefe Dials, fer the Plain Dired, as
bekore,
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before, and let the upper pat of the Hori=
zon cut the Seri-circle of Reclination, 3¢
cording to the Plains Reclination, and there
make it faft 3 then the Axis drawn ftreights
and the upper Semi-circle brought t© ¥
fheweth the Stile and Subftile; and the
Thred and Hour-circle,laid as before, giveth
the Hour-Arks on the Plain, and fhew¢t
alfo hosv the Proporrion runs, :

To find any Requifite alfo you may 00
ferve for all North-Recliners and Souch-1o
cliners, chat the complement ot Latitude a0
Reclination put rogether, doth give the
Poles Elevation, or Stiles heighe, for al
thofe Plains, which fometime will be abo¥®
9o from the South part of the Meridians
and then the complement to 180, is to b
fet from the North part of the Meridian *
But if it be a South-Recliner, then fubftract
the Reclination out of the Comp. Lat. a8
the remainder is the Stiles Elevation : Bt
if the Reclination be more than the comple
ment Lacitude, then fubftract che comple--
ment Latitude out of the Reclination or In
clinacion, and the remainder is the Stiles
Elevation,

Niate alfo, That the npper-face of the
Plain, that beholds the Zenich, 1s the Re-
cliner ; and the undes-face that beholds the

Nadae
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Nadir, is the Inclimng-plain] And note,
That both Plains, wiz. both lacliners
and Recliners have the fame Requifites in
€ach of them, But, thehours proper to the
ecliner, arenot to be put on the Incliner ;
for when the Sun fhines on the one, it can’e
ine on the other. Therefore to know what
ours are fit for thefe or any Plains what-
Sver, do thus;
The Sphear rectified, and the Plain feeto
is true fcituation, lay the Thred on the
Suns declination, on the Hour-circle (ac.
©rding to what time of year you would

Know when the Sun begins and ceafes to

Nine on any Plain) and turn the Hour-
Circle, with the Thred fo laid, till the Thred
do buc juft touch the Plain, and the Hour-
Circle doth on the Equineétial, cut the Hour
and Minuit required 3 when the Sun comes
on the Eaft.fide, and when it goes off from
the Weft-fide of the Plain.

Example.

Suppole you have a Dire@® North-plain
that Reclines from the Zenith towards the
Equinoctial 2§ degrees, you fhallfind the
Stiles Elevation to be 63-30, the Subftile
from 12. TheNorth-Pole to be clevated on
the Recliner, and the South-Pole on the

nclmcr; and that the Sun fhines onche

North-
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North=recliner in chi longelt dayes, viz.
23-31, declination, from the Rifing 13
before 4, till 103 and then it begws ©
{hine on the South-incliner, and {hines t
2 afternoon 3 then it comes on the Norch-
recliner again, and continues ull ic fets.

Butin the thorteft daycs, when the D
clination'is23-30 towards South, then o
the Notth-rechiner it fhinesnot at all, buf
only on the Souch-inclinery from Rifing to
Setcing 3 and fo doth itall che time the Su®
hath South. declination,

This Rule ferves for all forts of Dl

what{oever.

Note;, Thar the Circles of the Spheat
fhews the' Canon to work this Queftio?
exaltly, w hercof you have a large Dufcout fe
in wells: bis.Art of Shadows, from pag. 3912
to 408, in 35 Chap.

4. For a Direit Eoff or Weft Ereil-Dials

The Sphcar being rectificd to the Latie
tude, bring the Notch in the Moveing Ho-
sizon,to the Eaft or Welt-pointson che fxec
Horizon, vz« to 90 degrees ; then fef the
Plain Eresty and make ivfaft there 3 thefl
you fhall perceive the Axis hie clofe to the
Plain, it fhews the Stile to have no Elevati~

omn
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1, but muft be {ec Parallel to the Plain, ae
any quanticy you pleafe, which is o be the
{adius of a Tangent_line, whereby ro prick
down the Hours; and chat the Subfile or
Place where the Cock or Stile muft ftand is
6, being the Hout-~circle, till it be juft a-
gainft the upper Semi-circle, touching the
Thrtd, and 1n the Equinotial it cuts 6, the
true place where the Stile muf ftand,

Alfo, By the fore-going Rule you fhafl
find che Sun fhine all ‘the year from che Ri=
ling till 12 on the Eaft-fide ; and on the

Veit-fide from 12, till his Seccing,

5. For an Eaft or Wefi-Reelier,

. Turn the moving Horizon to 96 degrees
i the fixed, as before ; then fet the Plain to
'S due Reclination, and make it faft there,
and pull the Axis ftreishe, and bring the
pper Semicircle jult to touch ir, and
faway you have the Stile, and Subftiley
and 124 the Inclination, Meridian, and
our- Arks on,the Plain,
As for Example,
An Eaft-plain reclining from che Zenith
towards the Horifon 45 degrees, hach his
iﬁ'r_ldian, or 12 a clock Line in the Hotizon ;
for 1f you exténd the Thred from the Center

N ta
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to the fore-fide of the Meridian, juft ther®
the 12 a clock Line muft alwayes be, which
in this Plain lies i the Horizon,  The 5ub~
fiile doth lie 41-40 from thence upwni'd: =
the upper Semi.circle dorh fhew ;5 the 11
clination Meridian is thus found 5 Bring the
‘Hour-circle, tll it ftand even and paralle
to the upper Semi-circle ; then on the E-
quinotial it cuts 58-77, the Inclination of
the Meridian, with which you muft make#
“Talle of Hours, ot Arks at the Pole, to &
ctilate cthe Arks onthe Plain, if you wor
Arithmetically,” But by the Sphear, Set
the Hour-circle. to the hours on, the Equ®
noctial, and the Thred being brought alots
thePlai till it touch rhe Hour-circle, ha
fhew on the Plain the Angle from the HO®
rizon or Perpendiculer ; or with forne mor®
trouble, from Subftile or 12. -
Alfs, It fhews, thar the North-Pole ¥
Elcvared on the Weft-reclining ; and €
South, on the Eaft-inclining oppofite there”
unto 5 and thar the Recliner in &5, (hew?
from o 1n the forenoon, till § atnights an
the Eaft Inclivier fromthe Rifing, tll 9 foré”
noonin Summer; and in Winger, tilla 1%
1 che forenoon, :
Now 'to make thefe Plains, asErect De-

cliners, let the complement Latitude becom®
a
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# tew Laritude; - and the complement De.
tlination a newDeclination ; then they may
Ccome El'e&.Drcﬁnt;s, ‘s 1n'the nexe fore

Ullowiug‘.. sibanl o .
‘.'6 of é"réﬁrjb:-sliu:r: E‘aj}'w weft,

By:Dedlinationy ' I'mean the quantity of
the Angle thar the Meridian or Pole of place
Makes betweel the Meridian, or Poleof the

lain ; therefore to-fec -the Sphear toany
eclination, do thus

The Sphear being fzc to the Latitude,
*r the Sphear as well 25 you can guels, to
e {cituarion of the place; "thais, put che

orcth part of the: Meridian towards the

orth s and the South ‘part ‘towards the
*outh 3 then turn the Notch of chie moyable

arizon, alwayes to the dégrées of - the

ans Declination, from North. o1 South,
towards either Eaft or Weit, and Uprighe
| &lfo asin Erect Dials: Then is rhe Plain fet
' his Declination, gz, the diftance of the

orizon between che Mcridiau, or Pole-
R]Iacc, which s alwayes 12'3 clock, and the

etidian, and Pole of the Plain, being al-
Yayes juft where theNotchisin the Mo-
Ying Horizon, ‘

N2 Now
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Naw acbard:'nﬁ to vhefe: Rulesy I Plain

that declines 3 o degrees frémgonth t© Wielt,
“The Stiles Elevation is:g=34.: Fhe Subfie
from 12, 21-40. The Inclination of the
Meridian 36.24. The South Poleiscleva-
ted o the South-fide; @nd: the North Pol¢
on the North-fide : And the Sun fhines 02
the Morthsfide: from Rifing, to: 85 “and 0%
the South-fide, #roni & do 71 at might 5 . @
on the! Northragain, ‘till: Shn-fecting, <Y
workingas in the former Direétions is & |
prefled.

Note In thofe: Ereét Decliners, who
declinations is above 6o degrees, you fb
find the Stiles Elevation to. be very fmalls
therefore to make it exaét; you muft ufe ﬁ’f
rithmetical Caleulation’ for the doing ¢
whichy the Sphear, twith due confiderario™
gives the beft directions; ~with thefe Prap
tions or Canonss' :

As fine 9o ' 5N go-0f
To fine Declination NC 30-9°
So Co-tangent Lagittide Pz 38-3°
To Tang, Subft, from 12. ZH 234
Asfine oo -4 xds b sloti Lo «Z N poe0?
ToCofine Dedinddons 12 «NA 6607
So Co-fine Latitude ZP 384

Fo fine Stiles Elevasion? PH 52'1551
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As fine Latitude PN y1-30
Tofiiiged Foidw 3 el ® PUl) poioo
8o Tangent Declination i W\NC€ 30066
To Tangent ElevationMenid, /& I 3624
AsCostangent Latitude a0 o o ZPr 38230
To fin¢'of 9o ' L EP@ . 5eido
So fine Declination - VZIAY y0l00

To Co-tang, 6 from 12 A Q_57-50

Note, If you {ecP, atthe Pole, Z,ar
the Zenith, °N, at the North-end of "the
Horizon, at the Declination, ‘or Pole- plain,
H, on the Plain, juft againkt the moving
Stmi-ci:cle, or Subftile. . A, at the Plaifi on
the Horizon, /E,on the Equino&tial. T, at
the Hour-circle, cutting the Equino&ial, fet
uft againft the upper Semi-cirele.. Note; Q_
1s to be fer on the-Plain, right againit the
Hour-circle, being fet to the Hour,

Having, 1fay, by thefe Rules; andthe
like, made and found the Requifivesy thei
proceed to draw the Dialthus 3 by helpof a
Setor with Sines and Taugents, to 7-5'3
fach a5 are ufually made.

But for very far Decliners, ufe that help
asdiveéted in Chap. 4o .

The like work ferves to help all fosts of

' N 3 Dials
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Dials with low St[iles, Po;ar, and Meridian-
Dials alfod : :
The othet 6 forts, yet behind, I fhallde-
monftrace only in two of chem, which do
properly enough comprehend them all 5 and
the work of one, is as eafie as the work o
the other, . efpecially by the help of the
Sphear, where the hardeft is as plain asthe
Horizontal, = Therefore,

7. Of Decliming, Reclining-Dials,

1. For. Soish Recliners, they may recliné
fhort of} £, or beyond the Pole, at any De*
clination, as the putting up and down the
Plain, doth plainly demonftrate, There-
fore, firft, :

Of one that Declines South-weft 3§, and
Reclines 20 from the Zensth.

Setthe Notch, or Pole of the Plain tothe
Declination; and ¢hie Reclining Circle co it$
Reclination, and there make it faft; chen
extend the Axis {treight, and bring the up=
per Semi-circle juft to touch ir, and the
Hour-circle exaétly even with the moving
Semu-circle,

Then,
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Then,

Firfly The Axis [bews the Stiles beight :
on the Semi-csrgle to be 12-13.

The Thred brought - along the Plain
while it touches the. Meridian, and thac
Thews the Meridians Elevarion above the
Horizon , -on-the North Recliner to be
76-325 or its Depreflion below the Hoti-
zon.1n South-Recliners, and that from the
Eaft-end, as the Sphear fhewerh.

Then,
3. The Subftile from the Perpendiculer
dne of the Plain,is.2 1-6, as the upper Semi-
Crcle fheweth 3 but from the hour 12, or
Meridian 7-58, and ftands on the Eaft-fide
of the Meridian.

The Inclination of the Mendian is 33-29,
as thedcgrees on the Equino&tial, berween
the Meridian and Hour-circle, fhew.

All the Hour-Arks ars eafily found from
the Plains Perpendiculer’ Eaftwards and
Weiftwards, by applying the Thred o the
Hour.circle and Plain, - being fet to ;the
Hours on the Equinoétial, e

The South Pole is elevated in the Southk-

ecliner, and the North, on the North In-

iner,

Ny (AR
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Tt you fet Letters to the Sides and Ang[:j.:.i
aceording to the formet difcourfe, you W!

{ee how all the Canons in the Arithﬂ'!et!c?l

Calculation fie, as T {hewed “you before 12
the Declining Dials. And as again thus 3
Onthe Pole [t P, On the Zenith Z, AL
the Weft-erid of the Plain, fet A, At the
Eaft-end B. Arthe South Pole of the Plain
C. Ac the Nogth Pole D. At the Eaft-end
of the Horizon E. At the Weft.end We
At'the North-end of the Meridian, fec N
At the South-end S. Where the Hour-circle
cutsthe Plain F,, ‘Whera the Meridian cuts
¢he Plain,G.  Where the fixed Semi-circle
cues the Plain, fct E. * Asn the Pigure be
fore. "Then thele Canops in fhort run thw 3

As fine Bale iz Dige=0a
« To Tang, Perpefdi+ to ne e N DY g§F00
~Sofime of Bafe Z E 20-00
To Tang, Perpendyet bns GE 13-23

-Whéle complement :A G- 70-324 isthe
v s Meridians elevation.
“TiASfinc of the §1d¢ “7* - GE 1328
IT61ine ot the' Angle” * HELE 2§-00
So fing of the Angle "'™"~ GFZ 50-00
“T6 finc of the Side” " ** "'GZ 23-57
“Witich raken from” ZP' 3828, leaves
34-33, thediftance of the Meridians place
frony’the Pole to chePlain, iz, GF, As
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&s fine of Hypothen. GZ 23-52
To firie of Perpend. ZE 20-006
So fine of Hypothen. PG 14-33
To fine of Perpend. PF x2-13
| * the Stile;
As Tangent of Perpend. ZF 20.00
To fineof Bafe GE 1328
$6Tangent of Perpend. PF 1215
To fincof Bafe FG 758
the Subftile to 12,

As the fine of the Side ZE 20-00
To the firic of the Side GE 1328

S0'is the fine of the Angle PFG go-oo
Tothe fine of the Angle FPG 33-28

Inclin.Merid:

For the Hoursin all Dials; [ay thy E
As fine of 90}
To fine of Stiles height ;
So Tangent of the Angleat the Pole,
To Tangent of the Angle on the Plain.

|& "8, Fir North Declining Reclining-Dials.

\
| For thefe Plains 210, you mnft reftific the
Phear o the Laritude, and fer the Plain to
S Declination, and I nclination, which is
given,
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given, and for which you are to make2
North Declining Reclining Dial.  As you -
did in the South-Recliner; fo work in all
refpects, as you fhall bring forth the Que-
fia’s, cither by the Sphear or Arichmetical-
Calculation, as s largely fhewn, And for
a Plain that declines §5. degrees from the
North towards the Eaft, and relines 29
from the Zenith, you fhall find the Requi-
fites to be as followeth.

1. The Meridians Elevation above the
Horizon, is found to be 63 deg. 58 min-
But yet obferve, You muft make ufe of that
part of' it which is below the Horizon, ber
caufe the Sun being Elevated high on the
Souh-part of the Meridian,” muft needs caft
a (hadow on the North-part thereof; there-
fore in drawing the Dial-pare, part isonly
to be made ufe of for the Sun to\fhine on.

2, The Scles Elevacion is 37 degress
00 minuts,

3. The Subftile from x2, 65-24; of
from the Plains perpendiculer 39-22:

4. The diftance of the Meridian of the
place from the Pole of the Plain, is 70-33-
The Angle between the2 Meridians 7473 8-
The Hour-Arks are found by applying of
a Thred to the Hour-circle and Plain ; the
Hour~
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Hour_circle being firlt fet to the hour on the
juigoctial.

The North Pole is Elevated 5 and in re-
gard the Plain declines to the Eaft, the Stile
muft be fer cowards the Weft, and it thines
on the Plain in Summer-time, from the Ri-
~ fing unto 12 But in the Winter-time, but

a few hours.

. Nitealfs, That thele Declining Reclin-
Ing-plains, may be referred toa new Lati~
tude and Declination, wherein they fhall
b*:(rieme Upright Decliners, as before is hin~
ted,

—————

——

The Poor-Mans Dial-§ phear s Or a-
nother way to demonfirate the Myflery
of Dyalling, both for Declining and
Inclming Plains, in a wvery plain,
eafie ways for one 6th part of the coft
of the otber Brafs-Spheay.

Firfty s tothe Defeription, and afterward
for the Ufe,

]AS to the Defcription, the Figure an=
nexed, anda few words fhall fuffice;

Wherein confider,
Firft, The plain flat-Board, reprefenting
the
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¢he Horizon , as ABCD. . ’
Secondly, The two uprig"::t })rccé,s_, as
Faft and Welt-points; as A F, and BE; to
fupport the moving Plaifi. )
Thirdly, - The Moving-plain, moving ©
any Inclination, on the rwo Points Eand Fy
with 180 degrees upon the Plain, and note
by ABEF. ;
Fourthly, 'Alfo 2 Braf~circle as G, fa-~
{tened to the Plain, to fervit to any degree
of Inclination 3 and a skrew, asat H, that
may flay it fteady, when fet toany Reclina<
gion, .
Fiftly. On the middle of the HorizoA-
val-board, is faltened acthe Point M, a trug
Horizontal-Dial, drawn fit for your Lati-
gude, and to turn round on the Point M, a5
IMXL. e
Sixcly, ‘A Thred faftenedin L, the Cen-
ter of the Horizontal-Dial 3 and in N, the
Center of the Plain 5 to be boch a Stile for
the Horizontal-Dial,, and to reprefent the
Axisof the World ; alfo a {mall. Wood-
den-Quadrant will be ufeful, fuch a one 23
half thie Plain s, to draw Perpendicylers,
and meafure Angles, as afterwards in the
Ufes, TheUles follow.

Ul It
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Ule I.
To find the Declination of a Plain by the
‘ Stn-[himng.

Apply the fide AB to the Wall, and
hold the Inftrument level, as by help of 'a
Doint Plummer, - faftened ac N, and the
Point playing night onM, itis eafie to dog
then by the Trianguler-Quadrant, having
firft obferved the true hour, turn the Hori-
zontal-Dial about.on the Point M, till the
thadow of the Thred (or Axis ) fhew the
fame Hour ; then the Poine on'the North-
end of the Horizontal-Dial, fhall fhew che
true Declination of the Plain,  For any
South Decliner, the ufe is obvious,

But for North-Decliners, you muft curn
the Plain out of the way of the Thred, fill
keeping the fame fide, A B, to the Wall ;
and if the Horizontal-Dial hinder, put 2
Parallel. piece between, as your Rule, or any
other thing, and you (hall have the Poinc
give the Declination on the Southern Sedii-
arcle on'the fised Horizow,

Uk 11
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Ufe 1L ‘

The Declination of any Erefs Ducliner gi-
ven, to find the Subffile, and Stiley In-
clination of Mavidians, and every bowr
and guarters diflance from 12, being
the Perpendiculer Line on the Plasn,

Firflt, Set the Point at x2 on the Hori-
zontal-Dial, to the Declination of the Plain,
roward the Eaft or Weft, and fet che Plain
Uprighe,

Then firft for the Subflile.

Apply the fide of the Quadranc to the
Plain, and caufe the fhadow of the Thred
to play Parallel to the perpendicular Ray of
the Quadrant, and atthe fame time it fhall
fhew on the degrees on the'Plain, the true
Subftiles diftance from 12.

Example.

Suppole the Plain decline 20 degrées
South-weft, you {hall find the Subftile co be
145 deg. and 12/ from 12, and to ftandon
the Ealt-fide of 12, ina South declining
Welt 2¢ degrecs, Latitude §1-30,

Again, for the Stiles Elevation,
Apply the Quadrant to the flat of the Plain,
on the Subftile Line, foasthe Thred may

cut the Center of the Quadrant 5 and then
z the
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the Thred hall cut cnthe Quadrant 35-46
for the Seiles heighe,

Again, for the Inclination of Meridians,

The fhadow of the Thred when it cuts
the Subitile 15 deg. 127 on the Plain, fhall
on the Horizontal- Dial cut x hour 36 min;
which reduced to degrees, is 24 deg. §o min,
the Inclination of Meridians,

Again, for every Hours diftance in drgrees
© and minsts from 12.
. Turn the whole Inftrument abour, (asit
18 then firft fet) till the thadow of the Thred
fhall fall on every hour and quarter, and
then the thadow fhall cut.on the degrees on
the Plain, the diftance of every hour and
Quarter from 12, for that declination, in de-
grees and minuts 3 w hich you mnay draw ine
to a Table, for your ufe and purpofe; or
hereby examine your more exal Calculation,
and prevent all grofs miftakes in your for=
mer work. '
Ufe III.
Any Declining North-eaff, or North-wefi-
Dial being given, to find the former
Reguifices for thofe Dials,

In the true proyer ufing the Sphear for
North-
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North-Dials, the Stile (hould look ipwards,
which will appear fo todo, if youturn the
Tnftrument thebottom upwards, for the fur-
ther help to your fancy 3 buc obferve that the
Hour-Arks, and Angles, are the fameior
the North, as for the South, only the dif-
ference is in the Scituation, asto the contra-
ty-fide,and looking upward inftead of the
South Decliner, looking downward, as by
turning cthe Inftrument appears; fo chat it
yon draw the Dial as a South-welt, when
you would make a North-weft; and fef
right figures, and the right way, and chen
your work is effeted to your mind, ro the
right intent and purpole,

Example of a North-Eaff, 30 dzgrees,
Latitude 51-30,

Set the Point at 12, to 30 degrees Weft-
ward, and apply the Square to the Plain,
till it juft touch the Thred ; and on the de-
grees on the Plain, it cuts 2x-40 for the
Subflile 5 and ar che fame time almoft half =
an hour paft 2 for Inclination of ‘the Mer1*
dians; and applying the Quadrast to the
Subftile-Line on the Plain, and to the
Thred ; it curs 32-35 for the Stiles heighty
being the fame, “and ‘the fame " way found
as for the Sonth Decliner Eaft, -

L
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Bat obferve, That for the Hour- Arks,yoy
muft note,That the North.Dial cannot fhew
X2 at Noon, nor any Hours very pear
Noon, which will be féen on the South De-
cliner Eaft; Therefore 3 in the moning, is
here called 8 5 and g js called 75 and 6 is
6y 7 in the morning, is.called 5 ; and 8 is
to be named 4 : And if you turn the Infiru-
ment, that the fhadow: of the Thred may fall
on chofe hours, it will allo cut onthede-
guees on the Plain, the. true Hour-Arks re-
Quired. :
As thus H i :

For 8, it fheweth ienor 5 at 7t theweth
77-00; at 6,1t Theweth §8 deg.52 minuts §
.5, ic ;ows on the ydegrees on: the Plain
45-38 5 ar 4 in cthe morning, it cutson the

lain 35-27 5 but thefhadow falls then on

aur of- 8,0n the Horizontal-Digls

Alfonote, That chele numbers are not laid

rom the Subftile, but from the Plains Pere
pendiculer, which in all Upright Plainsisa
“Perpendiculer Line ;. and in all other Plains,
a Perpendiculer . ro the Horizontal-Ling,
‘drawn on the Plain.. Aud thus proceed
With any other 3, the, affeétions are beft feen
When you turn the Inftrument the uppere

Part downwards, A
o . Uiﬁ IV*
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‘ Clueety.
= T find the Requifies, and to drawthé

Hours on afar Declining Ereli-Dialy
S. W, 804

Set the Pointto8o; as before S. W, thes
the Thred ‘and ‘the Quadrant {hall {hew
38-2 forthe Subftile ; and 82-8 onthe Ho-
vizontal;” for the Inclination-of Meridianss
and 641 25For che Stiles Elevation ; - andthe |
fhadow of the Thred on the Horizontal-
Dial, will thew youltiow clofe and inconves
‘nient the Hours will be, if 'niot helped by the
formet diredtions ; and in like mannerwi
the Notchi-Eaft of Weft' be, and likewilt
helped, 4t

Llfe V.

To find the Reguifites, and Hour-Ark's
from the Perpendicaler of a Declining
Inclining Plain, with its Affeltions.

Set the Poinie a¢ 12 to the Declination;and
move the Plin by help of the Arch, of
Circleof Brafs, to the Inclination, and wit
the skrew make it faft and fteady in that

" place.
‘P Then for the Subftile, Apply the Qua-
~drant to the Plain, -and alfo _lfcrpendicul:‘ar
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to the Axis, as the edge of the Quadrane
*being chick, will neatly fhew 3 then the
Thred will fhew on the dégrees on the Plain,
the diftance of the Subftile from the Per-
Pendiculer, or the complement chereof from
Horizon 3 which Point note with a fpot
of Ink ; for; When the fhiadow of the Thred
falls on that fpot, on thé Hotizontal Dial,
it fhewetli the Inclination of Meridians ;
thae is to fay; on what hout and fiiinue, the

Cock of the Dial fhould ftand right over.
_eAlfs, The Quadrant; applied to the
Plain and Thred; on the Subftile.Line,
Ie':vcch the trué Stiles Elevation above the

air,

. And laflly, making the {thadow of the
red to fall on every Hour on the Hori-
2ontal-Dial; it fhall at the famié time (hew
ow, many degrées and miinuts on the Plain,
that Hour. line ought to-be from che Per=
pendiculer; or fromthe Hotizon; and allo
which way, either to the Righit or Left,Eaf}
or Weft; or from the Subflile; or. 124 if
“you will tronble your felf to count it; from
thie place fouind ot for the Subftile; or x2.

Oz Exdmply
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' Example of 4 Plain Decliming 30 S.E.

and Tnclining 20.

The Subflile, by applying the Square, you
hall find o be 30Yd£gie):ss on ,theqlfft—hﬂnd
of the Perpendiculer Weftward, and the
Inclination of “Meridians 48-20, the Seiles
hicight §x-36,-1 and the Meridian on the
right-hand of the Per endicoler-line 11-39
Eaftward ; and the thadow of:the Thred
playing on every hour and quarter, on the
Horizontal-Dial; will fhew on the Plain the
quaiticy'ig degrées from the Pérpendiculer-
Line, d 22
_ Ufe VL
T find the Reguifiies in a North-eaf) Re=
‘climng-Dial, ‘and the Hour- Lines.

8¢ the Inftvument as before, and find the
Subftile; Stile, and’ Inclination of Meridi-
ais as before 3 But note,as to the Affections
which way do thibs ;
* Tutn the Inftrument the botrom upwardy
and as near as you can'guefs, turn the Plaim
1oits {cituation § ‘ehien you fhall firft fee the
Sile to look upward in theNorth-eaft Re-
cliner, which befoke was downward ia the
South-eaft Incliner, i '
Alfny
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eAlfoy .

The Subftile fandson-the right-hand
of the Perpendiculer, 30 degrees Weftward
( for obferve this alwayesy If a Plain de-
clines Eaftward, the Subftile will ftand
Weftward, and the contrary). :

Alfonotes

That the Meridian-Line is to be drawn
quite throtgh the Center on the other-fide
becatife, when the Sun is'in the Meridian
above, it muft needs caft the fhadow of the
Axis,or Stile, the contrary way downwards.

ufe VII.

To ﬁnd what are the moff Honrs, that
the Sun can [ine on axy Plain, what=
o foewer, : :

Firft, on all South Direct, or Declining
Indlining-Dials, the mid-day-Menidian is
properto ity . unlels it incline above 75 de-
grees, and thenit becomes ufeles in London
Latirude; then what hour foever you. Gan
make the Sun to fhine on the Plain, and
Horizontal-Dial both together, (che Sunbe-
Ing at that hour above the Horizon) by ben-
ding or turning the Inftrument any way,

0 3 (when




27
( when the Point E: 1 z4iS]ﬁrﬂ fer to the Dee
¢lination) that,and all thefe Hours are pro=
per to thae Plaing at one time of the year o
orher,
Hllfo note,

That feveral Hours that ferve for the
South-plain, do, at fometime of the year,
belong to the North-plainalfo; asby turn-
ing che Inftrument about, you may plainly
fee, cither by the Sun.fhine, or by the
Thred, and your Eye cutting the YHour-
Lines and che Plain,

Alfo obferve,

That if you would delincate a South Re-
clining Plain, “you may bring the Plam
toward the Thred, rill 1 becomes a Polar<
Plain. ’

Bucif it Reclines below the Pole, then
conceive it to become a North Reclining-
Dial, and work as is before direéted, and
youfhall obtain your defire; for the Dials
will be the fame, the one as the other, 25
before was hinted at, in the Inclining-
Plains,

Life VIIL
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ufe VIIL
The Deglination of any Plain given, to fird
whar Reclinatson will make it a Polar=
Dial, andthe contrary.

Set the North-point to' the Decdlination,
and bring the Plain to rouch the Thred 3
then on the Brafs Circle is cut the Reclina~
tion required, g

' Or contrary 5

Set the Plain to the Reclination givetr,
and chen bring the Thred to the Plain, by
tarning the Horizontal-Dial, and the Point
at 12 {fhall fhew the Declination required,
to make it Polar.

In like manner youmay difcover a de-
clining Equinogtial, but not fo cafily, when
the Subftile and Meridian are 90 écgrees
affunder 5 the Subftile being then alwayes
in the hour of 6, as by moving the Plain,
if the Deglination be given; or by moving
the Fheed, if the Inclination be given, till
the Square, touching the Thred, it fhall
fhadow or bourn, juft upon 6 on the Hoe

rizopeal-Dial,
: Note al, f 2
That Eaft and Welt Recliners, and In-

clingrs, are difcovered after the famg man-
T 04 ner ;
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ner 3 So alfo Dirett-Recliners, and Incli-
ners, as by moving the Plain to and fro,
you fhall fee the plain and true reafon, how
the Stilé is Elevated or Deprefled; and
how the Hour-lines' are inlarged or con-
trated, according to the Elevation of the
S.tﬂCo

. _ Alfo,

In Eaft and Weft-Dials, that the Stle
hath no Elevation, but is parallel to the
Plain; and how the Meridian lieth. in the
Horizon, 4n Eaft and Weft Recliners, and
Incliners.

Many more Ulfes might be infifted on,
vhich iﬂmll leave to the fcruteny of the
induftrious  Praditioner, in the At of
Shadqws,

$380880007044000040
CHAP.

&2
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.CHAP. IX.

How to remedy [everal Inconye?
niencies - in the wfing of the
Artificial Lines of Numbers,
Sines and Tangents, as they
are wfually made.

= IF the term required happen tobeun.
| der one degree of Sines and Tangents,
then the Line of Numbers will fupply i,
ving due relpedt to the increale of the

adius, or CaraGerittick,

o s thus
Asthe fincof 9o, to che fineof 23-314

the greateft Dieclination

8ois the fineof xdeg, rcf, the Suns di-
ftance from the Equino&ial, to 0-28,
the Declination which falls beyond

-~ the end of the Rule,

_Now to remedy this, the x dég, & 1o/,
)




fay, So is 70 minuts,
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i¢ jominuts; therefore by the Numbers
i the Suns diftance from
the Equinodtial,, to 28 ciie Suns Declination
on the Line' of Numbers;. ebferving to.es=
tend the fame way, as from the firlt tothe
fecond term.

2. When you have occafion to nfea fine
above 90 degtees, then you mufk count the
fine of 80, for the fineof 100 ; and 70,
for 110 ; and 60, for §20.

So alfo, the diftance from 9o to 60 in the
Sines, is the Secantof 30.degrecs 3 and the
diftance from 96 t0 §0, isthe Secant of 40;
ot the Point beyond 9o, that reprelents ¢h¢
Secant of 40, ’

3. If the Extent be too large for your
Compafles, as from 45 or 90,0 3or 4de
greesy theninftead of 9o or4y, make ufe
of 2 Point in the Sines or Tangents right a=
gainft the middle 1 inthe Line of Numbersy
where you may have two Brafs Center-pinsy
wiz. in the Tangent of §-43, and thefine
of §-45 ; and the extent from thence back-
ward or forward, fhall reach in the Num-
bers, to the 4th proportional MNumber e«
quired, '

Example,

As Tang. 45, to 1-61 in the Numbers 3

So isTang, of 15-0,100-43 in the Num-
bers, % In-
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Inftead of which, you maE fay, Asthe
Tang. of §-43, to1-6xont e Numbers;
015 the Tang. of 1§, to ©-43 onthe Num~
ts diminithing a Radius ; for as Tang.45
10 1.3, 2 greater than that 5 {o jsthe Tang,.
of 1, o agreater than 15 allo, gz, 0-43.
Secondly, in Sines & Tangents, or Sines
Only, where thereis another Caution to be
Sbferved; Asfine 90, rofine 103 foisfine
20, to fine of 3.24 L.
To work this with {mall Compaffeson a
large Line, dotbus ; Note, that at xo on the:
ine of Numbers, or Sine of 90, or Tang.
of 45, is one compleat Radius 3 but at the
Middle 1, on the Line of Numbers, is a
. Place, or Radius, Iefs; whercin the Loga-
Tthm Sines, the Chara@eriftick is 8, A-
8ain, at the fine of o- 34 %, the Charaeri-
ckis 7, (and ar 3 minuts itis 6, ) whick
0 note the feveral decreafings of the Ra-
luffes ; Therefore fet the diftance from one
umber given, to the nexr nearelt place 2
ganft 1, or next Radius, as far from a
greater or a lefs Radius, as your occafion
ferves, and sote the place,
As thus for Example,
In this Operarion, the excent from the
oinit at §-45 on the Sines, to the fine of
30 degrees, 1 fet the fame way from the

Poine
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Pointat 0-34 %3 and note che place, which
will be at near 5 degree then che work 15
thus; As the place againft the middle 1,
inftead of 90, is to the place laft found for
x0 3 fo is the fine of 20, to fine of 3 deg.
24’ %, the gthterm required.

Bucin thofe Lines of Numbers, Sincs,
and Tangents, where the Number is doubles
this is performed by working a-crofs only-

4. When the laft term in Tangents hap-
pens to be above 45, then the remedy 18

WO Wayes,
As thus ;

Asfine of 30, tofineof 903
So is'the Tang. of 30, to Tang. 49-07.
which here happens beyond 45.

Apply the end of the Rule, next 905
clofe and even with any thing on whichehe
Point of the Compaffes may ftay, till yots
gake from thence to 45, for that diftance
laid from 45, thall reach t0:49-075 reading
the Tangentsas numbred beyond 45.

Or more neatly thuss .

The Compafles being fet from the fine of
30, to the {ine of 903 fecone Pointin the
Tangent of 45, and trm the orher on the

Tangents, and keep it there fideds then res
2 move
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Move the other from 45, Jand clofe it to th
third rerm, being here the Tangentof 303
then this laft Extent laid from 4, fhall
Teachto 49-07, the Tangent required.

§. When the firft term is aTangent a«
bove 45, and the fecond under 45, i

Take the excels of the firft Number a<
boye 45> and fet it che fame way from the
{econd Number 3 then the Estent from the
{econd Number to 45, fhall be the uuedi-
ftance berween the firft and fecond terms.

Example. _
As the Tangent of §1-30, to the Tan-

| gentof 303
Sois the Tangent of 40, to Tangent

21-04/.

' For the Extent from 45, to g1-30 on
the Tangents, fet the fame way from 30,
ocsreach to about 24-30 3 then the Fx-
tene from thence to 45, fhall reach from

40 10 21-04 on the Tangents, the 4th
Number required. iipe .

Oy,
If ichad been froma Tangent above 45,
toa fine, ‘the fame¢ way would have re-
medied the defeét,

6. When the third term exceeds 45 of
T?,HE"J‘_RES, thenthus 5
' Example.
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= g Ex‘"’_ﬂl’-
As fine 90, tofine 30;

Soisthe Tang. of 50, to Tang. of 30-49-

.~ The Compafles fet from the firflt sernd
fine 90; toifine of 30 thefecond,alefs; then
fet one ‘Point ‘in the Tangent of 45, and
extend the other backwards in the Tangents,
and note thie place; -kcepinﬁ. one Point there

elofe,the othier to §o thethird term .‘(ibcin§
above 45 by counting backwards) Then,
fay, that Extent laid frori Tangent 4, thall
reach to Tangent 30-48; the 4th proportio-
nal Tangent required,
JE the Proportion had been increafings
then there had'been no troble at all,
eAlfd noté,
That working a-crofs, or changing the
terms, isa good remedy alfo,
» oAs thus :
Asfine 90, toTang, 503 whichis proper-
ly increafing, for the Tang. of §o being
more chari the fine of 90, yet taken onthe
Rule from 96 10 405 the complerient there”
ofy as if it were decreafing §
Soisfine 30, t6'Tang, 30-48, the contsary
way: Therefore, -
‘As from the firft term, properly counting to

thie fecond.
4 7. Laitly;
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2. Laftly, ‘When'one ortwo Radiuffes
(or Alcerations of the CharaGeriftick) . falls
betwean the firftand fecond term,

As thos for € xample.
Firft, By the Line of Numbersonly 3
&5 Booo is to 10, S0 is §000 t0'6 2, or 24,

To work this properly, and naturally,the
unite on the: Numbers thoald be - four times
tepeated, whichis feldom wmiote done than
twice, ashere :  But this, and any other, by
the Line of Numbersis not interrupted, ha-
ving a dueteéfpeét fo the Number of Places.
For to work- this; the beft way, ds changing
of terms thusy ‘As 8000, to'§000 in the
fame Radius; fo is 10,10 6-24 inthe fame
Radiisalfo, - Or, without changing; As
8000, to the next 1 3 {o is §000 turning
the Compaffes the fame way, to 6-25.

Butto call it fo, and not 624, your rea<

onmuft guide you more than precepts,
- But in ufing Sines and Tangents, the
way in the third remedy will fic you.

Example. Asfine 95, to 1 degree (or
"isider )3 fo is fine 30 degrees, to fine 30
minuts, This being too wide an Extent for
the Conipaffes, the third Rule is 4 remedy
for i which on alarge Radiusfeveral times

T 7 répeated,
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repeated, as in Mr. Oughtred’s Circles o
Proportion, is as eafic as may be; being fure
to remember. the number of Radiufles be-
cween the fitft and fecond rerm, that you
may have fo many between the third and
fourth termalfo.

Much more might have been faid as t@
this; but this Obfervation being alwayes
kepty Thatas the Extent from tlie firft cerm
to the fecond, s either increafing or des
creafing 3 ~So alwayes muft the Estent be
from the third to the fourth, increafing of
decreafing, in like manner; when you ulé
Sines and Tangents ; - And Numbers alloy
except, asbefore; ina few particuler Rules §
then yowwill be truly refolved.

The end of the Book:of Dyalling,




AN |
APPENDIX

To the Ufe of the
Lrianguler-Duadant

IN . ;
NAVIGATION,

Where it performs the Ufes of the
Davis-Quadiant, the (rofe-Staff,
Bow, Sinical Quadrant,and Seffor,
with as much eafe and exaétnefs
as any, or all of them, will do in
Obferuation or Operation, Natu-
rally or Artificially.

|
!

|
Being firft thus Contrivcd,and made by John!
Brown, dwelling ar the fian of the 3‘:;!::.#E
and Sun-Diaf in (he CMinorees, ‘near to’
Afd'gm‘e, Lnndon_
London, priured by Fobn Darby, for John Wing-
Jield, and are to be {old at his houfe in Ciutched

Frycrs 5 and by Fobn Brown at the Sphea: ane
Sun Dial in the Minoriesy and by Febn Selle

8t rthe Hermitage-flaive 1o Wapping, 1671.
e
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CHAP. 1.

The Defcription thereof
FOR
SEA-USES,

He Deleription of the Znffruments is
& largely and plainly fer down in che
Eirft Part,and Firft Chapter:

_ But, in regard that is the general Defcrip-
tion of all the Lines that can conveniently
be pucon, and thofe necellary for chis ufe
being far lefs, I (hall repeat the Defcription
again, as far asconcerns the ufe thereof for
Sea.Obfervarions, ‘

1. Firft for length, it ought to be two
foot long at leaft; when fhut rogether, and
not above 3 foot at any tune for Sea-ufes 3
( but for Land-ules it may be 6, 8, 10, or
12 foot 1 lenghi; to find Aluicudes or dis
Ttances to Seconds of a degree cereainly).

P2 2, The
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%, The Form of it is the fame, as betof¢
wiz. an opening Joynt of about 2n inch and
quarter, or half quarter broad each Leg3
and 6 tenth parts of an inch in thicknels,
with a Loofe.picce of the fame length,
breadeh, and thicknefs, to make itan Equi-
lateral-Triangle. Asthe Figure [heweth.

3. The Lines neceflary for Sea-ufes a1%
firft, the 180 degrees upon the moving-Le3
and Loofe-piece,aumbred as before is (hew=
ed. Alfo, 6o degrees on the innermoft~
edgeof the Loofe-picce. The Kalendar of
Months and Dayes, and degrees of the Suns
Place, and Right Afcention, on the moves
able-Leg.

For the fpeedy and ready finding the Sur®
place, and declination, which you may do
to a minue at all cimes, by helpof the Recti-
fying Table, and Aflronomical Cautions of
Time and Iongitude.

Alfo, on the Head-leg, is the gEnCl‘ﬂl
Scale of Sines and Lines, to the grea and
lefler Radius, s inthe Figure. And thtd
much will ferve both for Obfervation an
Operation, as-in the following Difcourl¢
will fully appear.

4. To this Inftrument doth chiefly be-
long the Sights for the Obfervations atSeas

wher¢

]
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Where the Horizon is made ufe of in the tal
king the Sua or Stars Altitude.

And to this Infirament belongs the In-
dex and Square, that makes it a2 moft com=
pleac Sinical-Quadrane, for the plain and .
eafie refolving of all plain Triangles.

Alo, 2 weighty Plummet and Thred,
ind a pair of large Wood or Brafls Com-
pafies tor Operation, 7

Thus much for Defcription, being all puc
on one fide only, unlefs you fhall be pleafed
to add the Arcificial Numbers, Sines,and
Tangents on the outer-edge, and a Meri-
dian-line, and his Scale onthe inner-edge 3
and Narural Sines, and Natural Verfed-
Sines on the Sector-fide :  Buc thele as you
pleafc,

$a48085000008020055
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CHAP,

loweth.

Head- Leg,

g“_?‘tu

2538808088700080202

The ufe of the Trianguler-Quadrant
~in Obfervation,

p=ytHat the Difcourfe may be plain, and
T bricf,and general ; there are 1o term®
to be named and defcribed, before T coni®
to the Ufesand Examples, whichare as fol |

1. Firft, the Head-leg of the Inftrument
n which the Bras-Rivit is fixed, and abov®
which the other Leg tirns, as A B, in the
Figure; on which Leg, the general Scale ob
Sings and Lines are pfually fer,

2. The moyeable-Leg, on which the
Monchs and Dayes be, as in the Figure, n0
ted by BD 5 which Leg turns abour the

3. The Loofe-piece that is joyned to th
Head, and moving-Leg, by two Tennons #
! each cnd thereof, noted by D A in the Fi-
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4. The Head-Center, or Centet-pin on
- the round-part of the Head leg, betng Cen-
ter tothe 60 degrces on the in-fideof the
Loofe-piece 3 which Pointis known by B,
in the Fgure. )

. The Leg-Center, being near the end
of the Head-leg, which isthe Center tothe
degrees on the moving-Leg, and omt-fide of
the Loofe~picce, being in all 180 degrees;
and noted in the Figureby the Letcer C,

6. The great Raﬁius, or areater.Line of
Sines, ifluing from the Leg-Center toward
the Head, having the Tangents on the mave-
able-Leg to the fame Radius 5 and the mea-
fure from the Leg-Center to the Tangent
on the moying-Leg, a Secant to thefame
Radius ; asCE inthe Fignre,

~. The lictle Radius. that iffues from the
Leg-Center toward the end, having the
Tangents, on the out-fide of the Loofe-piece
to the fame Radius, and the mealure trom
the Centerto thofe Tangents for Secants to
the {ame Radius 3 asCF.

8. The Turning Sight alwayes to be
skrewed to the Head, or Leg-Center, known
by his fhape and skrew-hole, as :

9, The fliding Horizon-Gght to flideon
Fhe vaiﬂg—LUg‘ai\d Loo{e-piecc,mtcd with
its biguefs and hole to look through, as

P4 30, it
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10. The thadow S?ight, and 2 others, to
pin the Infirurment together, which you may
call che Objeét.Sights, alwayes fixed in the
two holes at the ends ‘of the moving-Leg,
and the Head-leg 5 and the thadow-Sight
15 to fet ‘to and fro to any place quujrcd 3
noted in the Figure with and the other
two with And ;

Thus you have their Name and Defcrip-
tion at large, which in brief rake thus for
eafie remembring,

5. The Head-Leg, /2. The Moveable-
Leg. 3. The Loofe-Piece. 4. The Head-
Center. §.The Leg-Center, 6. The great
Radius., 7. Thelefs Radivs, 8. The turn-
ing.Sight. 9. The Horizon fliding-Sight.
10. The fhadow-Sight, and the two Op-
jeft-Sights 5 the open-part in one is next to,
and the other remorter from the Rule, toan-
fwer to the upper or lower-hole in the turn-
Ing-Sight, according as you pleafe toufe
them ‘in Obfervation, :

Thus much for the Torms, the Ufes fol-
fow,

Ufe F,
T find the Sunsy or a Stars Altitnde, by
a forward Obfervation,as bya Fore-flaff.

Skrew: the turning-Sight to the Head-
- Centery
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Center, and pur the objet-Sight into the
hole ar theend of the Head-leg, and put the
{liding Horizon-fight on the in-fide of the
Loofe-piece; Then fetting the curning-fight
‘o youreye, and holding the Loofc-picce
In your right-hand, and the moveable-Leg
toward your body, then with your Thumb
on the right-hand, thruft upwards, or pull
downwards the Horizon-fight, «ill you fee
the Sun through the Objeét-fight, and the
Horizon through the Horizon-fight; then

thedegrees cur by the Line on the middle

of the Horizon-fight, fhall fhew thetrue
Alcitude required.

Alfo obferve, That if you like to ufc the
l_Jp([icr or lower-edae of the Horizon-fighe,
inftead of the fmall bar s-crofs che open-
hole, after the manner of the ends of a
Forc.ftaff, that then the degrees and minuts
cut by the edge of the Brals, is the Alti-
tude required, to be counted as it is figured
from the Obyect-fight, toward the Horizon-
fight ; the degrees between them being the
Angle required.

Note alfo, That if the Alcicude of the
Sun, or Star, be abeve 30 degrees, you will
find it a hard matter, to behold the Horizon
and Sun with a bare roling the ball of the
¢yeomly, and-a Rirring of the head, will

3 : cafily
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eafily caufe a ftirving of the hand,. which
will fpoil the exactuefs of Oblervation, un-
lefs the Inftrument fhall be fixed to a Ball-
focket and Three-legged-{taff, which is not
ufual at Sea.

Therefore to remedy this, you may ob-
ferve with the open oval-hole in the turning-
fight fer te theeye, or taking the turning-
fight quite away ; Obferve juft as you do
wich a Fore-ftafie, ferring theround parcof
the head, to the hollow- part befide your eye,
fo as the Head-Center-pin may be as near
the very fight of youreye as poffibly asyou
caa; which Center is the Center to the de-
gtees nowufed in a forward way of Qbfers
vation. - Or, rather ufe this way when the
Weather will fuffer, by a Thred and Plum-
mer, whichI fhall add as a fecond #fe.

Life 1L

T obferve the Sun or a Stars Alrirades
by a forward Obfervation, ufirg tht
Thred and Plummser.

-

Skrew the turning-fight to the Head-Cen-
ter, as before, and put the two Ubjest-
fights into the two holes at . the two endsof
the Rule; and on the Leg-Center-pin hang
the Thred with a weighty Plummet of two
pound;




e
pound, or above agpcund at feaft.

Then hold up the Trisnguler- Ouadranty
{etting the {mall-hole on the turning-fight
clofe to your eye 3 and if the Sun,or Star,be
under 2§ degrees high, then look to the
Sun or Star through the turning-fight, and

" that object-fight, which ftands in the end of

the moveable-Leg, letting the Thred and
Plummet play between your Thumb 'and
Fore-finger, as a Brick-layers Plummet in
his Plum-Rule doth ina bendid bole, that
you may keepit in order whilft you look at
the Sun or Stary and the weighty Plummet
will pull the Thred ftreight, and ler you
know by feeling which way it is playifig,
tillit playeth evenly and truly; whilft you
have the Objeét precifely in themidft therex
of, whether it be Sun, Moon, or any Star,
or other Objeét, whofe Altitude you wounld
obferve ;* Thény 1 fay, when the Plummet
playes well, . and: you bebold the Object
right, bend back the Quadrant, and fec whae
the Thred cuts on the degrees on the move-
able-Leg, ‘which fhall be ‘the true Altitude
required 3 * And in my opinion, muft needs
be more exaét than any other way of a for-
ward Obfervation, becaufe yonare not trou-
bled to mind ‘the Horizon and Sun'both ac
atonce, i : '

An
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An Objeltion may be, The boifferom
Winds, and the rom’iug of the S.b'ip, will bin-
der fuch an Obfervation.

Anfw. So it will any other way, though
happily not fomuch.

Again, | anfwer, One Objet is better and
more certainly feen, than rwo at any time
together ; and -though the Wind blow
hard, if you can {tand to obferve at all,the
heavy Plummet will be fure todraw the
Thred Perpendiculer; and for oughe I
know, you maycome as near this way as
any other ; however this, at moft cimes, may
confirm and prove the other, -and may be
uféful in Rivers, and Harbours, and mfty-
Dayes, when you may fee the Sun'well e-
notigh, but not the Horizon at all,

-+ Ufe III.
To find the Suns Altitude by & backward
Obfervation, a with & Back-flaff, or
Davis- quad rant,

Skrew the turning-fight to the Leg.Cen-
ter (or Center to the degrees on the mowe-
abIe-Legg; and fes the objedt-fighe to the
long ftroke by co-60 on the ouc-fide of the
Loofe-piece; and put the {liding Horizon-
fight on the out-fide of the movcablc-Lt}’;: 5

then
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| thien hold the Obje&-fight upwards,and the
fmall-hole in the piece turning on the edge
(or to the fmall-hole in the middle) of the
Horizon-fight ( which you pleale) clofe to
Your eye3 and looking through that hele,
and the middle-hole of the turning-fight,
to the true Horizon, turaing your felf abour,
and lifting up; or prefling down the Horj.
zon-fight, clofe to the moveable-Leg, till
the fhadow of the upper-edge of the fha-
dow-fight, being next to the Sun, fall atthe
fame rime juft on the middle of the turn-
Ing.fisht 3 Then, I fay, the edge or middle
of the Horizon-fight, that you looked
throngh, {hallcucche true Altitude of the
Sun required.
‘Being the fame way as you do obferve
with a Dayss- Quadrant, or Back-ffaff.

Ufe IV,
To find the Suns Diftance from the Zenith,
by the Trianguler- Quadrant, '
Skrew the turning-fight to the Leg-Cens
ter, and put the Object. fight, whofe oval
hole is remoteft from the Quadrant, in the’
hole in the end of the Head-Leg, or rather
1 a hole on the general Scale, betweenthe
turning-fight, and the Sun; and put the
Horizon~




Horizon-fght on the out-fide of the move=
able-Leg 5 then hold the turning-fight to=
ward the Suny, and the fmall-hole inthe
edge of the Horizon-fight to your eye; then
look ehrough that hole and the turning-fight,
till you fee the fhadow, the Objet-fight, to
fall julk on the. turning-fight, or the fha-
dow of the turning-fight to fall juft on the
object-fight, swhichis all one; though the
firft be more cafie, becaufe you (hall [ee che
Horizon through the turing-fight,and thar,
bothat once; Then, Ifay, the degrees cut
by the Horizon-fight, fhall be thg Suns di-
ftance from the Zenith required ; Being che
very fame wotk; and done in the fame man-
ner, and producing the fame Anfwer, wizs
the Suns diftance from the Zenith, that the
Dayis. Quadrant doth,

Note, That this way you may obferve
very conveniencly, till the Sun b¢ 20 de-
grees diftance from the Zenich ; and by the
adding of a 60 Aich, as in Davis Oua-
drant, or to 45 will be enough, it will do
aswell as any Dawis Qsadrant, being then
the fame thing;

But I conceive; the complemient of the
Altitude being the fame, willdo as well3
wivich Altitude: is betrer found by this In-
{trwnent, chan the diftance from the Zenith

by
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by a Dayss Osadrant is, asin the next Ufe’
will be feens
Ufe v,
To find the Suns Altitwde when wear the
Zenith, or above 90 degress above [ome
part of the Horizon.

In fmall Latitudes, or in places near the
Equinoétial, orunderity the Sun will be
found to be in, or near the Zenith: and if
you count from fome part of the Horizon,
above 9o degreés diftanc from ity then in-
ftead of fetting the fliding Obje&t-fight, o
the long firoke at o on the Loefe. piece,
you muft fet it 36 degtrées mere towards the
Head-leg 3 then obfetve, as you did before,
and whatfoever the Horizon-fight cuts, you
muft add 30 degrees more to it, and the
Jum (hall be therue Altitude required.

Example.

Suppofe that in the Latitude of 1o deg,
North, on the 1oth of Jume, when the
Suns Declination is 23 degrees and 31 min.
Northward 3 Suppofe thar ac noon, T ebferve
the Suns Meridian Alticude; skrewing the
Turning-fight to the Leg-Center,and fetting
the Obje&t-fight to the 30 degrees on the
Loofe-picce, near the erid "of the Head-legy
and the Horizon-fighit on the movable-Leg 3

: then




Pagacly o=
then hold up the Quadrant, with the (ha2

dow-fight toward the Sun, and the fmall-
hole in the Horizon-fight toward your eye,
and look to the Horizon threugh that, and
the turning-fight, ‘the thadow. of the right-
edge of the fhadow-fghe, that cuts the de-
greeof 30, at the fame time falling on the
middle of the curning-figh, you fhall find
the Horizon-fight to cucon 46-29 minues 3
to which if you add 30, the degrees; the
fhadow-fight 1s fet forwards, it makes up
76-295 the Suns true Alcitude on thar day
in that Latitnde 3 76-29 the Meridian Al-
titude, and 23-31 the Declination, added
rogether, make 100 deg. 003 from which
taking 90, there remains 1o, the Laritude
of the place,

L. Inthis Obfervation, firft you muy nore
this, That if you had ftood with your back
roward the South, you would have had 15
degrees and 37 minuts, for che fliding Ho-
rizon-fight would have ftayed at 73 degrees
303 to which if you add 30, it makes

103-315 which a Davss Quadrant will -

not do. ysl
2, Intheholding it, you may lean che

head of the Rule to your breaft, and com=_

mand it the bereer; as to fteady holding.
3. You

|
|
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3. You mdy turn the Turning-fi 9}1: e
out, to any convenient Angle, to make it
fit to look tl hrough to the Horizen, and al-
fo to receive the fhaduw of the thadow-
fighe.
lf the bnahmci’s of the Sun o%%nd che
tyes, you may cafily applya red or ablue
Glafs, to darken the Sun beams, and the
Sights may be painted white; to make a fha-
dow be feen bzteer,

Ufe VI,
To find the Latiande at Sea; by a forward
Meridian Obfervation of the Alutude,
according to Mr Guncir’s Bow,

Sktew che Turning-figlit to the Leg-Cen-
ter,\and fer the thadow-fight ro the Suns~
Declination, and the Horizon-fighe to the
moving Leg (or Loofe-pietc), and the Turn-
Ing-fight ro your eye; then let the fhadow-
f'ah; cut.the Horizon, and the Horizon- fizhe
the Suny moving 1t higher or lower all ic
fics 3 then w hstiocver the fight fheweth,
adding 30 demces to 1t, Is the Lacicude of
tha plaLL rctluned

Emn,p[r
Supmf on the, 1och of Lﬁfﬂ?‘b when

the Dc;lmanou is oaly'xo’ to the North-
Q. wardy
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watd, as in the firlt after Leap-year it isg
then fet the edge, or froke on the middle of
the thadow-fightto 1¢” of Declination to-
ward the Head, and the Horizon-fights on
the fame Leg toward the end; and (lide on-
1y the Horizon-fight cill it cuts the Sun, and
the other the Horizony then fuppofe ¢ {hall
tay at 21-30: then if you counc the de=
grees between the two Sights, 1t will 2=
mount to the SunsMeridian Altitude ; but
if you add 30 degtees to what the Sight cuts,
it fhall give the Latitude of the place where
the Obfervation was made for 2x and 30,
to which if you add 30, it makes §1-30,
the Latitude of Londox, the place where the
Obfervation was made.

Note bere, That in {mall Latitudes the
Sun will be very high, in Summer time elpe-
cially, and chen the {liding-fight; muft be
fec onthe loofe peice.

As thus for Example:

Suppofe on the 1cth of May 1670, whest
the Declinationis 20.7 in the Lattude of
30 Degrees, T obferve at a Meridian Alci-
tude, I(hall find the {liding-fight to ftay at
co. on the loofe peicesy then it is apparent
that 30 ddded to o, makes but 30 degrees
tor the Lattude required.

Bue if the {liding-fight fhall happen €@

Pa E
A
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pals beyond vo on the loofe pcice,thcn what
Oever it s you muft take 1t out of 30, and .

" the remainder is the Latitude sequired,

Example.
Suppofe on_ the 1 xth of Fume 1670 you
Were in the Laticude of 1o degres tothe
orthward, and ftanding with your back
to the North, as you muft nceds do in all
forward Obfervations in more Norchern
tirades, you fhall find thefight to pafs
Juft 20 deg. beyond oo on the Loofe peice 3

' therefore 20 taken from 30 the refidueis 1o;

the Latitude required.
Again,

Suppofe that in the fame place you had
Sblereved on the xxth of Degember, when
the Sun is moft Southwards, if yen fer che
one fight to 23-31 Southwards againft the .
Xxth of December 5 then if you obferve for-
Wards with your face toward the South, as
before, you fhall find che moving-Sight to
tay at 20 degrees beyond co on the Loofe-
Piece 5 then, 1fay, 26 raken from 30, refts
10, the Latitude required, becaufe the fight

| Pafled beyond 30 on the Loofe-piece,

Lafily, if the Moving-fight fhall happen
10 pafs above 30 degrees beyond co-on the
Cule-piece, when the other Sight is fet to
the Suns Declination, and you obferve with

Q3 your
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A :
youir face toward the South (part of the Me-
ridian) 5 then, I fay,the Latitude s Soy.ch'
wards as many degrecs as the Moving-fight
ftands beyond 30, on the Loofe-picce to-
ward the Head.leg,

So that the general Rule is dliwayes, il |
North Latitudes (obferving the Suns Meri*
dian Alticude, to find the Latitude,by a fore
ward Obfervation, according to Mr,Gunter?
Bow ), your face muft be toward the South
Although thac thereby in fome Latitudes
the Alutude may feem to be (as indeed it 19 !
above the South-part of the Horizon) above
90 degrees.

1

_ Then,

If the fliding-fight ftay any whereon the
Moving-leg, or Loofe-piece, thort of cos|
add it alwayesto 30, and the fum fhall bé
the true Latitude North ; 1if it pafs beyon
00, then fo much as it doth;take out of 30
and the remainder is the Latitude Norchj
butif ic fhall ftay juft ac 30 on the Loof®”
piecey then the Latiude isoo 3 bue if it Pﬂf’
beyond 30, then fo much as it is, the Lac*
tude 1s Southward. A

The fame Rule ferves, if you were
South Laticude, then you muft in forwar
Oblervations, to find the Latitude,as with?
Ganters Bow, ftand with your face to o

Norths
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North, and in fetting the fised-fight to the
Declination, you muft count South Decli-
nation toward the Head 3 becaufe thofe that
have Southern-Latitude, have their longeft
dayes , when thofe that live' in Northern-
Latirude have their fhortelt dayes.

The fame Rule ferves for the Stars alfo,
for being in North-Laticades; and obferving
a Latitude forwards, have your face al-
Wayes toward the South, am‘{ fer one Sight
to the Declination, counting the Stars Nor-
thern or Southern Declination, the fame
way as the Suns,(and the contrary 1n South-
Latitude) 3 then holding your eye clofeto
the great-hole of the Turning-fight, flide
the Moving-fight till its middle-bar or edge
(as is mofk convenient ) cuts the Star, and
the other the Horizon ; then whatfoever the

‘edge of the Moving-fight cuss fhort of o,

added to 30, or beyond ©0, taken out of
30, fhall be the Laticude required.
] Example.

Suppofe the middle-Star of Orions-Eirdle,
whofe Declinationis 1-28 South, beingin
the Meridian, 1 fet one Sight to 1-28 of

‘South-declination and {lipping the other-

fighe till ic cuts the Star, the fixed-fight be-
ing fe; to the Horizon, you fhall find it flay
it the Laticude of §51-30, at 23-300n the

Q3 Moving-
o<t
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Moving-leg, which added to 30, makes
§E-30.

Note, That if the corner of the Inftru-
ment be inconvenient for the fight to flide
on, as for about § degrees it will, then you
may remedy it by flipping the Sight fetto
the Declination 10 degyees more, any way
that is convenient, increafing or decreafing 3
Bat then note, That inftead of adding even
30, to whac the Moying-fight ftayerh at,
you muft add ‘zo degrees more, wiz.40s

when you {lip it towards the end of the |

Moving-leg 5 or 10 degreeslefs, wiz. 20
degrees, when you flip it 10 degrees moré
toward the Head, a3 is eafie co conceive of,

Ufe VIL

- Tofind the Latitude at Sea, by a 54(.‘]_(}##?'4
Meridian Obfervation, according 19
the way of Mr. Gunter’s Bow,

Skrewy the Turning-fight to the Leg. Cen-
ter, and fec the ﬂidin_g—Horizon-ﬁghc to the
Suns Declination ( the middle or edge of ify
2syou can beftlike of ) aud the Shadow-
fight on the Loofe-picce, or Moving-leg;
with your facealwayes to the Norch, i
North Latinades ; or {uppofing your {elf t0
b¢ {o, theush it may be you are nor,

' 3 Then,

-
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Then looking through the hole in the Ho.
rizon-fight ( ftanding at the Declinaticn )
and the Turning-fight to the Horizon, with
your hand gently {lide the thadow-{ight till
the thadow fall juft on the middle of the
Turning-fight, as yon do in obferving the
Alritude with a Dawis Quadrant 5 then, L
fay, whatfoever the thadow-fight fhall itay
at undet 0,add to 303 or over o, take out
of 30, and the fum or remainder, fhall be
the Latitude Norzh : but if it happen to
ftay at juft 30, the Latitude is 0o ; -if be-
yond, it is fo much to-the Southwards 3
This is only the converle of the former, and
needs no Example; but a few words to de-
monftrate it ; whichmay be thus,

Inthe way of an Example.

Suppofe that on the xxth of December, in
fayling toward the Eafi-Indies, abouc the
Ifie of St. Marthews, fuppofing our Ship
to be in North-Laticude, 1f{etthe Homzon-
fight to23-31, South Declination 3 and the
Shadow-fight on the Loofe-picce, then ftan-
ding witlvmy face to cthe North, asanother
then would do, asatother times, and look-
ing through the Horizon, and Turning-fight
to the Norch-part of the Horizon, 1 find
the hadow-fight when it playes well over
| Q4 the
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the Turning-fight to ftayat 33 degrees on
the Loofe- prece.

Then,

Confider that the diffance berween the
wo Sigh ts, is the Alttude of the Sun a-
bove the South-part of the Horizon ; which
if you do count on the Trianguler-Qua-
drant, you will find to be 36-29,and 33
which put together, make 69-29, for the
Suns Meridian Altitude 3 to which if you
add 23-31,his declination, it makes 93-00
the diftauce of the North-Pole and Zenith,
or 3degrees of South Latitude; for had
you been juft under the Equinoctial, the
Altitude would be 66-305 or had you
been more Northward, it would have bees
lefs; therefore by confidering, you may
foon fec the reafon of the Q peration,

- Alf,

If the Shadow-fight be too near the cor-
ner, or too far from the Turming-fightto
eaft a clear thadow ; then, fer the Horizon-
fight that ftands at the Declination 10, 20,
or 30 degreesmore toward the end of the
Moving-leg, and you fhall fee the inconve-
nience removed 3 but then you muft take
50, 20, or 30 dégrees lefs than the fhadow-
fight fheweth, for the reafon abovefaid.

The realon why even. 30 is added, is be-
caufe
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caufe that o degrees of Declination, ffands

At 6o on the Moving-leg, inftead of go, -

Or oo.

Note, If you had rather move the lower-
fight chan the upper, then count like Laci-
tudes and Declinations from oo on the
Loofe-picce toward the Head-leg, and un-
like the contrary, and chen fer the thadow-
fight fixed there 3 then obferving, as in a.
back-Obfervation, the Horizon-fight fhall
fhew the complement of the Latitude re-
quired, without any adding of 3c.

Thus you fee, That the Trianguler- Qua-
drant, containing 180 degreesina Triangle,
brings the fhadow-fight near the Center,
and with one manner of figuring, gives the
Suns Altitude above the Horizon, backwards
or forwards, and his diftance form the Ze-~
nith, and the Latitude of the place South
or North, or North or South, backwards
or forwards, by the Sun ox Stars, by ane fide
only, asconvenieatly and with fewer Cau-
tions, and as exactly, if well ufed, as any o-
ther Inftrument whatfoever 5 So that by this
time you fee itis a Fore-flaff, Quadrant,
and Bow. The other #fes follow,

Ufe VIII,
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Ufe VIIL
70 find the Latitude by a Meridian Obfer-
wvation, by the Thred and Plummet; by
the Sunor Stars.

This way of Obferving without 2 Hori-
zon, muft bedone by an Affrolabe, which
1s 2 Plummet it {elf, or elfe with a Plammet
fitted to another Inftrument, and ar fome
times may do becter fervice than the Horizon,
and for an Aldtudebarely, is thewed al-
ready.

For the Latitude thsy

Count the Declination, whichis the fame
with the Latitude, from co onthe Looie-
piece roward the Moveable-leg 5 and con.
trary Declinations, both of Sun or Stars,
count the other-way . toward the Head-Jeg,
and thereunto fec the edge of the Horizon-
fight, that hath the fmall-hole on it.

Then let the Sun-beams {hine through
the fmall-hole on the Turning-fight, tothe
{mall-hole on the Horizon-fight, the Thred
and Plummet duly playing, fhall fhew che
Lacitude of the place required, ,

Bur if you look at a Star, having the
fame Declinarion, then fet your eye tothe
Horizon-fight, , and behold the Star through
the Turning-fight; and the Thred fhall £all
on
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on the Latitude required, when you look
toward the South, being in Norchern Lati.
tudes, :

So alfo, When you turn your face toward
the North, in obferving thofe Stars, it is beft
done when they come to the Meridian below
the Pole 3 buc for their coming to the Me-
ridian above the Pole, then their Declinati-
onis increafed by the quantity of their di-
{tance from the Pole, or the complement of
thewr Declination,

As th 5

The Declination of the Pole-Star, when
in the Meridian below the Pole, 1s 87-20
from the Equinoial ; but when the fame
Star is on the Meridian above the Pole,
then itis o2 deg, 40 diftant trom the fame
Northern part of the Equinogtial.

So thac if you make 6o onthe moveable-
leg, to teprefent the North-pole 5 then you
may count or obferve any Star thatis 2§
degrees diftant from the Pole, both above or
below the Pole 5 then adding 3o degreesto

what the Thred falls on, fhall be the true

~ Laritudes complement required ; becaule

you have removed the Pole from 90¢ to 60,
30 degreesbackward.

Example,
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Ezxample, :

The declination of the uppermoft Star in
the grear Bears back , is 63-45 3 that is,
26-x5 below the Pole 5 or, 2y degrees 17
minuts above the Horizon, when on the
Meridian below the Pole; but the fame
Star, when on the South-part of the Meri-
dian, is 77-47 aboye the Horizon,or 26-1¢
above the Pole,

Therefore,

The Star being below the Pole, you may
fet the hole in themiddle of the Horizon-
fight, to the Declination, counting 90 the
Pole, and looking up to the Star, as ufually,
the Plummet will fall on 38-28, the Lati-
tudes complement required,

eAgan,

The fame Star being on the South-pazt of
the Meridian, above the Pole, 1 count 6o on
the' Moving-leg for the Pole, and 26-15 be-
yond that Pole furcher, ziz. to d6.1¢,
which is as far as you can well go, counting
60 thePole; then obferving, as you did
before, you fhall find the Thred to play on
08-28, the Latitudes complement required,
for the diftance between 08-28, and 86-1¢
1§ 77-47, adding 30 degrees, becaufe of 60
inftead of 9o, for the Pole-point.

i Notey
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Note, That the Thred playing near the
corper, may prove {omewhat troublelome to
obferve, without help of another perfon s
but if you will be exact in this or any other
Obfervation, a Staft and a Ball-focket,
fhould be applied to this, aswellasto o~ .
ther Inftruments, to ftand fteady and fure
in the time of Obfervation.

Thefe wayes are ready and eafie, with-
out taking notice of thofe Regulattons and
Cautions, which are to be obferved in find-
ing the Alticude, barely, as in the Seamans
Kalendér, and Mr. Wrights Errors in Navia
garion, is plainly feen.

But if you know them all, and had ra-
ther ufe thofe Rules in thofe Books; then, I
fay, a Thred and Plummet by this Inftru-
ment, will do as conveniently as any other,
or the three Sights and Horizon, as before 15
fhewed, to find the Alticude.

$53333808:05828535%

CHAPY.
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CHAP. "I
To Reétific the Table of the Sans

Declination.

Hus much as for the way of Obferva-
T tion 5 NOW, that your Operation may
betuealfo, it is necellary that you have d
T able of the Suns Declinationi, for the firff,
fecond , and third jear ; after the Leap-
j‘lﬁ'f.

But in confideration; that the fecond aftes
the Leap-year, is.4 mean between the other
threey 1 have made a Table for thar, and
the Months on the Triangaler- Qwadrant
arc agreeable thereunto ; and for che firff,
third, and Leap-year; have added a Refhe-
fying Table tobring it toa minue a Jeaft to
the real truth, wherein 1 have followed the
Suns place, according to Mr, Streets Table

of the Suns place, for 1666,
In




2§
In which Table, you have degrees and
minutsy and a prick after, notes a quarcer of

. @minut 3 and two pricks, half a minue; and

three pricks, three quarters of a minut
more.

Now, by the Rule, you may count toa
minut, and the Reifying Table tells you
how many minuts more you muft add to,
or fubftract from the degrees and minues
the Table or Rule (hall fhew it 15, in the
fecond year.

A Table




O st v ave 1w | MElYG HiON

[ 255 ] _ 1
'A Table of the Suns Declination every day 4t Noow

for London in the year 1666,the [econd year after
the Leap-year, according to Mr. Street’s T ables of
Langi;udu. Calenlated by Fobn Brows, 1668.

Jann.| Febr.| March| April. Fune.
D.M. |D.M. |DM, |P.M. D.M.
21 45+.4| 13 §0:- |©3 29- |08 3I. 23 X1
21 36 13 30.+ |03 05.+ |CB §3+ 23 14-s
2t 24+ (13 10. |02 42 [CQ s, 23 1%-
al 14+ -,| £% 49+-+] OL 14. 103 30... 23 21
21 G3e- 12 29 Ol £4+-+109 §8 23 Z3ees
20 51 “|1z 0% Jor 31 10 g» 23 26
20 40 11 47- oL o7 10 404 23 27+
20 170- 11 25..+|CO 43~ 1L oI 23 29-
20 1§ i1 a4 5. ll')--' I 22 %3 30-
10 Ot-.+| 19 43 M. Of.- LI 42+ i3 300
l943-. 10 21 €0 27--4| 12 Q3 23 11
19 340+ |99 59- |00 5i.- 42 33 23 ;o__
19 20, |99 37 (0L 15 12 43« |2 33 30
19 06 Ol 1§ of 38.. |13 C3 20 23 29
18 §1 a8 52 |2 ca-. |13 2. f21 23 27+
18 35+ o8 2g-.-lo2 26 13 42 21 23 15
18 20, |08 07-- |og 45+ [1400 |21 33 23
Bog |S744-+|0313 |Ig420 jal 23 20
17 48 o7 2z |03 36 14 38- |21 4 23 17
1730|9659 |0359-- 11457 |2 23 14
17 14.. |00 36 |04 227, |5 15 {32 3 10
2|16 57. |96 13 1og 45...|15 33 |22 22 054
16 40 |25 5 |O§ OF..a | 1§ 5O 40 22 13 oL
16 23, |05 36+ Jog 33 [1608 |22 iz 5%
T6 03-0.f OF 03- 105 34.. 16 a5 22 23§
15 45 04 39+./06 17. |16 42 32 22 44
1527 |o316. [o6 40 |16 §8.- |22 22 37as
15 08 03 §2-«-[07 02+~ |17 14+« 22 n3
14 49 Q7 2% 17 30s.4} 22 22 23,
14 29 «a 97,47 17 47 23 23 18-
14 ro: {08 o9 |23
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wns Declination every day a

R

Noos, &c.
- -
8 Faly, | Augu Septem| Oliob.| Novem| Decem
:é' &
*'; D.M. |D:M. |D.M. {(D.M. |{D.M. |DM.
g == - Tt
22 09 15 14+ |03 264. |07 12+« |17 37...| 23 O7:
; 22 0o |14 56 [o4.05..-]O7 35 [17:35...[23 12
3|2 53 [1437-> [o3 g0 {97 §8:-«u 1 18 10, {23 16
3|31 42 | 34 39+ |03 az.. {08 20- U8 35.s |23 4gs
szt 33 |74.00---laz gy, |9842- [18 4i- 23 2a.
6|2 230 |13 40« Joz 31 [03 04+ 18 56. |33 25
7|21 13- |13 22- |ou of. 03 37 19 1044423 27-
o2t Q2. |13 O3 ol 44 {9949 (19 ag. [23 28--»
gl 52 12 43« {of 205 |10 1L 19 39« [23 30
igf204n (1233 foos7. |1032.- 119793 |23 30
1i]2029- |12020.[N 3¢ |10 5302006, |33 31
12{20 97+ |11 43 |N Iow |28 1§ |20E9 |23 30.-
13300 fr1 zi-s |§ 13- LI 36w |30 3T0s-| 2§ 39
13|49 §2--.jtr oz oo 36.»[11 §7 2044 |23 29
15 (19 39+~ | 10 41+~ |oOf ©O--- T3 18, (20 §§.+:33 27
1516|1936+ --| 10 20.- |or 24 |12 38..-l3l o7 (23 25-
T17]19 13- |09 59 ol 47.s |13 §9. (21 18- |23 az.
1318 59 jog 38 |e3 1g...f13 20 213841 .) 23 19,
19| I8 44+-+| 99 I6-+.102 34.. |13 39uss|2F 38523 16
2028 30: |o¥i§5. (o288 |13 §9- |34 48. [23 KT---
ar 48 25.../08 33+- |03 a1- |34 19 [=21 §%. |2z o7..
22|18.00.. |oB il++ |03 44.. |14 38 |22:G7 |23 Od..
23|17 45~ |07 49-++|0f o8 |14 §7+ 122-15-. | 3297
2317 29. |07 27+« {04 3t-+ |15 I6 |22 33-x |32 5I..
35| 1743-- |07 05-+ log 54, |45 35 Vax 3L |22 440
3611657 . |o643 |os 18 . [1553-. |23 38, fa'3d
27| 16 40.. [ 06 20+ o5 41 6 I 22 4% {22 30...
2814624 |o557-- |06 op |16-29+ | a2 5iee L2223
29l 2606+ |05 35~ [o5 2yl |16 4522 67, |22 1§
3olrg 49~ |05 2. [06 49+ [y ©3:-41 33 D2 1-]23 05,.
T T 17 30| 2 57+

A Tabls




A Redlifying Table of the minuts and quarters that are 10be
added or (ubfraéted from rkefore-gaing Table of the Suns
Declinatioiy made for the fecand year after Leap-yeats for
gvery ddy at noon in the Mevidian of London.

M, 3 T (M. D |1 yea |3 year Li year. F

'4" s .
, 4= 8. gvails. 10

qudgr | tqaan | “davnaqa| Lavunv [ |

oy |

‘pum £ |

A O g ] HwaD T

7e6s - 1667 1668 1665 1667 1668
1669 1671 167z Forthelz 1669 1671 1672
1673 3675 1676 yems, 3673 1675 1678
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A Table of the Magnitudes, Right Afcention in
Hours and Minuts, and Degrees and Minuss, and
the Declination North or South of 33 ﬁxcc\i Stars.

.| Names of the Stars, 'F— R.Af, | RAicy Dell: N

21 |Laft in-great Bears tayl 203 36(13 34 5L 5
2090 50114 cOo 21 4
322 46|14 52| 75 36
231 oo {15 14\ iz 4

243 23 '16 9

22! ArGurins

23 |Little Bears fore-guard
24| Brighteft in- the Crown
25 | Scorpions heart

26 Hercules head

27| Lyrs, Or Hirp

28| Eagle, ot Vultore
20 | Swans tayl
3¢!Dglphins head
31|Pegaffas mouth
V32 {Pomahant -
_33{Pegaffus lower wing

3
%5 37
254 49 116 9| 14 51
276 17 (18 25| 38 39,
2g3 28 (1935 ] & 1
307 30 |20 30 44 §
207 '53]:0 32|15 ©

321 50 |af 27{ 8 19 N
339 30 (22 38| 31 17! S
358 50 |23 55! 1322 N

D, m{HM|DM.|S.
o1 | Pole.star,or laft m Litcle Bears| 2 7 53| 93218733 N
o;, Andromedas Girdles £l12 31 o '20. 33 52 | N
03 {Meduflacs bead 314 37| 24613335 N
04| Perfens right fide 2144 30, 25814833 N
o | Middieor the Pleides 5|5t 22| 326]23 06 N
o6|Bulls eye 1|64 o] 416)15 q};rln_
o7 | Hircss. or Goat 1|72 49| 4 51]45 36| N.
o3| Orions left foot 1|74 30| 458 %385
c9| Midsftar In Orions Girdle 2(79 451 F19] 1 :Hl 5.
10| Orions right (houlder 2|84 § j_SE 718 N.
xi{Auriga. or Waggonet 2% 45| 5.39|4456 N
12| Great Dog 1|97 24} 630[16 13| N
13 | Caftor, or Apollo 2|lc8 ool 7 £2[32 30 N,
14|Little Dog I|l1o20]| 7 21| 6 6. N.
151Pollux, or Hercules 2{T102¢| 722728 48l N
16| Hydrats heart 1137 36/ 91a| 7 10 8.
17|Lyons heart 11147 30 95011339 N
18| Great Bears fore-guard 2 |160 38|10 43|63 3t N
19[Lyons tayl 1072 45|11 31|16 32 -
20| Virgins' Spike 11195 43(1307) 9 u{ N
2 N
I -
3 N»
3 e
: ]
3 N
1 N.
2 5
3 N.

1

3

2

R 3
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As for Example.

To find thie Suns Declination for the f{em‘
1670, on the 12th day of May :  Firft, if
youdivide 70 (‘being the tens only of the
year of our Lord by 4, rejeting the 100°)
you fhall find 2, ‘as a remainder, which
notes 1t tobe the fecond after Leap-year 3

‘and if "o remain, then it is Leap-year,

7 .

- Look in the Table’ of Declination for
1666, the fecond after Leap-year, ‘as the
year 1670 is, and find the Month.in the
:head of the Table, and the day'on one fide,
and.in the mecting-point you fhill find 20
deg. 31 min. for, the ‘Declination on that
day atnmoon required. -~

)

Il you ufe the Trianguler Quadrant
extend che Thred from the Center over the
32th of May, and you fhall find-itto cur in
the degrees juft 20 deg, 31 min, the crue
Declinacion for that year.and day. '

Note, Thar if you have occafion toufe
the Declination before noon, then -obferve
that the difference between fixoke and
{troke, is the: difference of Declinarion for
ene day; and by confequence, ene halfhotf
£ha
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that fpace for half a'day 5’ and a quartex for
a quarter of a day, &, : G

W0 As this for Example.
Suppofe I would haye the Suns Decling-
tion the _18th of e Augiit 1666, at 6 in
the morning 5 here, you muft note, that the
13th Rroke from tbc'bcginning of Aug#ﬂ_,
reprefeats the 18ch day ac noon juft.” -
Now the time required Leing ¢ lohts be-
fore hoon, Lay the Thged.onefourthﬁut
of the diftance for ofic day," toward the
17th day, and then in the degeecs, the
Thred fhall cut on 9+4 3/, ‘whereas at noon
juft, it will be but o-38 5 and the péxt, or
1oth day at noon, it is o degrees 16 mii,
and 3 quartersof amin, as the three ‘[{'ﬂciﬁg
thus.,,, in the Table doth, plainly ihew

Gl LYy fxodinnnd
but by the Rale, a miduc is as muich 25 can
be fecn, and fo near wich care imay. you

come, |
" Note alfo farther, '

That if you fhall tfe cin places thache

4 hours; 6 or 8, 10 or 12 hours wiore Eaft-

ward, or Weltward in Longitude, the fame

Rule will rell you,, the minus to be added

in Weftern-Longicudes, or tobe fubftratt-

ed in. Eaftern-Longicudes, as Reafon'and

_Experience will dictate untoyou with due
«confideration, :

R 4 - Fox
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As for Example.

To find the Suns Declination for the year
1670, on the xath day of Mgy :  Firft, if
youdivide 70 (being the rens only of the
year of our Lord by 4, rejeing the 106*)
You fhall find 2, as 2 remainder, which
notes 1t tobe the fecond after Leap-year 5
and if ‘o remain, then it is Leap-year,

-

_ Bty .

Look 'in the Table of Declination for
1666, the fecond after Leap-year, as the
year 1670 is, and find the Month-in the
:head of the Table, and the day on one fide,
and.in the meeting-point you (hall find 20
deg, 31 min. for, the Declination on that
day at noon required. L~

Or, o]

Il you ufe the Trianguler - Quadrant,
extend the Thred from the Center over the
12th of May, and you fhall find-itto cut in
the degrees juft 20 deg. 33 min; the crue
Declination for that year and day. -

Note, That if you haye occafion to ufe
the Declination betore noon, ~then“ebferve
that the difference between {lroke and
{troke, is the! difference of Dechination for
ane day 3 and by confcqucnge,ogchalfh of
tiaat
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that fpace for half a'day ;:],and a quarteg for

adquarter of a day, &, ey

5 A this for Example.
Sitppole T would ‘Haye the Sins Declina-
tion the_18¢th of efuguil x666, at 6 in
themorning 3 here you muft note, that the
1.8¢th froke from the beginning of, Augusty

reprefents the 18th day ac noon jult.

Now the time required being 6 hors be-
fore hoon,. Lay the Thted ofic fourth page
of the diftance for ofic day,” toward ‘the
17th day, and then inthe deattes, 'the
"Thyed fhall cut on 9-437,  whetgas at noon
juft, 1t'will be but 9-38 5 'and the pest, or
1oth day at noon, it is ¢ degrees 36 min,
and 3 quarters.of amin, as the three: icKs
thus.,,, in the Table doth, plainly ‘thew
but by the Rale, a misut is as mitic} 3 ean”
be fecn, and fo near with care imay you

e A

y A

U Note alfs farther,
That if you fhall tife igia places thache
4 Hougs; 6 o 8, 10 or 12 hours more Eaft-
ward, or Weftward in Longitude, the fame
‘Rule wifl tell you, the minurs to be added
‘in Weltern-Longitudes, or to be fubftralt-
ed in. Eaftern-Longitudes, ' as Reafon'a‘nd
Experience will diftate unto you with due
<onfideration, : SR
o R 4 - For
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For if being Eaftwards, the Sunt comes
to the Meridian of that place before it comes
to the Meridian of Londen ; then l2y the
Thred as in marping houys : . Bur if the
Jace be to the Weftwards where ic comes
fa:er, then lay the Thred fo many hours
beyond the Noon-ftroke for London, as the
place hath hours of Weftern-longitude more
than Londen, counting 1§ degrees for an
hour, and 4 minus for every degree 3 and
then fhall you have the Declination to one
minut of the very truch. ‘
But if it happens to be the Leap-year, or

the firlt or thi;d year after the Leap-year,

then thus

Suppofe for the 5th of Ofober 1671, be-
ing theichird after Leap-year, 1 wounld have
the Declination. . '

Firlt, it you lay the Thred ovet the sth
of Oftober, in the degrees, ic gives ¢8 deg,
42 minuts .. 5 for the Declination in the fe-
cond year after Leap-year ; then, becaufe
chis is che third year, look in the Reftifying-
Trble for the sth of Offeber,and there you
find s, 4 .., for fubftract 4 minutsand a
half from 8-42 .. refts 8-38, the true de-
¢lination requirgd for the sth of Ofiober
1671, Theclikc work ferves for any other
day or year; buc for every gth and yoth
days




| T ! 36 b

| day, you have t}llre Declination et down i
a Tablg for all 4 years, to prove and try the
truth of your Operations 3 and by that,
and the Line of Numbers, or the Rule of
Three, you may continue 1t to every day

by this proportion.

As g dayes, or 120 hours, to the diffes
rence of Declination in the Table, be.
tween one th day and another 5~

So isany pare of § dayes, or 126 hours]
to the difference in Declination to be
added or [abffrafted tothe § dayes De-
clination immediately fore-going the
day required,

Example.

Suppofe for the x8th of February 1669,
the fir(t after Leap-year, T would know the
Declination by the Table made'to every gth
day only 5 "On the 20th of February, 1
find '6-53 13 “On the 1gth day, 8-47;
the difference between themis 1-53 1 5 then
the Extent of the Compaffes from 5, the
Number of dayes, to 1-43 .. the minues
difference (counted properly every zoth for
6 minuts ) fhell reach from 3, the dayes
from 1§ toward 18, to 1 degrec 7 minuts
and'a hylfy which taken from 8-4775 the
Declination for the x5th day, leaves 7 de-
grees 38 minuts and ‘a half, the true Decli-

nation
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aation for ghe 18ch day of February, inthe
fucft afier Leap-year. sy \

O by the Line of Numbers thos 5

The Estent from 5, the difference in dayes,
to 113 1, the difference in min, for § dayes,
fhall reach from 3, the differencein dayes,
1o 68, the difference m minufs_for 3 dayes,
to be added or fubfiradted, according tothe
increafing or decreafing of the Declination
3t that time of she years -

Proved thus 3. :

If you fubftract 5/: from 7.deg. 44,.':
the declination in the fecond year, there re-
mains 7 deg. 3872, the Declination for the
x8th.of February, 1669. -

* " Thefc T ables. may ferve very well for 30
years, and.not differ 6 minus in Declina
Tion. about: the Equinoctial, where the dif-
ference is. moft; and in June and December
‘notat all to e perceived. . 70 ° e
... Thus you may by the Rul¢_and Reltifye
ang Table, find the Suns Declination to 2
minut atany, time, wichout the trouble of
,Calculation. 5

" CHAP.
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sesaassessasaaes

The ufe of the Ti—iang,;l};f.‘:@,‘,,av,m,
in the Operative partof * -
Navigation, '

" Uk L

T0 find bow many Leagues, or Milesy anfwer
to ane Degree of Longitnde, inany Lati-
tude between the € quinotlial and Pols.

W2 1eit, it is convenient to'be refolved how
A" many Leagues or Mildstare'int one Dex
gree in the Metidian or Equinotial, which
Mr, Norwood'and Mr, Collinshach ftated au
bout 24 leagues, or 72 mules;-:670:5 T

e Ot -
If youkeep the old namber, making the

miles gréater] miz, 60 milesyor 20! leagues 3
then the proportion, by the Numibers; Sines
and Tangents, sunsthiu ;= ' As
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Ks Sine 00, to 20 on the Numbers for
leagues; . ;
So is Co-fing of the Latitude, fo the
" feagues, on the Numbers, contained in
one degree of Longirude in that Lati-
tude. :

But in Miles, to bave the Anfwer,
work thwsy
As Sine 90, to-60 on Numbers
So Co-fine Latitude, to the number of
aniles,
Example, Latstnde 51° 327,
As Sine 90, to 603
"9o Sine 38-28, to 37 milesT; .
But by.the Trianguler- Qsadrant, or
Settor, work thus
Take the latteral 20 for-leagues (or 6@
for miles) from:the Line of Lines from the
Center downwards 3 and makeit a parallel
in the fineof 90, laying the, Thred to che
nearelt diftance.
Then,
The neareft diftance from the Co-fine of
the Latitude, to the Thred, meafured lat-
terally from the Cencer, fhall (hew the true

number of Leagues required,
" 2 Example.

-
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Example, Latitnde §3° 32%
As = 604, to = fine of 903
So = fine of 38-28, t0— 37-30,00
the Lines, : :
As— 20, to—=fineof 903
Sois — fine of 38-28, to —32-40 for
Leagues.-

?

As — 24, to=fine of 903

So is = fine of Co.lat. to — 135, the
number of Leagues; after the experi-
ment made by Mr. Nerwood, of which
true meafure you may read more inthe
Second Pars of the Plain Scale,by Mr.
Colins.

Or, - '

If you muleiply the Natural Sine of the
Co-lat. by 2, it givesthe Leagues; orby &,
it gives the Miles in orie ' degree, cutting off
the Radius from the Product.

Note alfo, Thatif youtake the Natural=
Number of  the Secant of the Courfe or
Rumb, and multiply it by 2, uttng©
the Radius from the, Produét, it fhallgive
the Leagues required, to raife one degrec, at
the race of 20’ Leagues to one Degree of 2
great Circle,

B F ule 1L,
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Ufe IL, |
To jﬁml how many Leagues, or Miles; an-
.- fwer to Raife, o¥ to Daprefs the Pole one
degree on any Rymb from the Mri~

dians

L Firflyby tf:? Jrﬁﬁc:'al Sinesy T, angents
and Numbers. ! :

¢!\ the Co-fing of: the Rumb- from the
w2 Meridiany: to 20 Teagues ( or 24
il Leagues) oithe Numbers 3
(8o is the fine of 90y tothenumber of
! Jeagues required.
Which, when you have fayled on that
Rumb, you fhall raile or deprefs the Pole
one degree, : :

2o Bub by the Trianguler- Quadrant, thus
As —— 20, taken from the Ling of Lines,
~laisior any equal-paxts, ro the == Co-fue of
20 sithe Rumb;daying the Thred to. the
Ho woneareftdiftance. e e
+vi84lis the== fint.of 9o, or neareft diftance
& s fromefine 90y 10 the, Thred;. #0f —=
& 1o Nuatier.of - Leagues requireds to fayd
on that Rumb, and to raifsithePole |

oL vibhe degree,
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Ufe TII. : :
" Tofind bow mariy Miles or Leagsit anfwer
to any number of degrees in. any paraliel

of Latitude,

. Suppofe you fayling in the Latitude’ of
' 48 degrecs, have altered your Longitude 30
| degrees, and would then thereby know
how many leagues you had failed.
| "Firft, bring (o¥'reduce) the 30 degrees to
| Leagues, by multiplying them by 20, or 24,
. (the leagues refolved o be'in.one degree)
Which makes 600, (or 720),

Then by the Numbers and Siness
.. The Extent from the fine of 90, to42
. the Co.fine of the Latitude, fhall feach che
lame way, from 600 on the Numbers, o
4oo theleagues required 5 . of from 720,t6
4380, :LCCOrding_ to Mr, Norwoed,
_ Byths Triapguler-Quadrant;
... Take ~— 600 from the Lineof Lines, or
any eqiial parts, and make it a == in thefint
of 99, layin‘c;; the Thred 1o the nedrelt dis
ﬁaﬂ:c_f."' fa.\_.\,,... ¢ By

| sjud he neartft diftance from the fine of 42
i et e (the
.
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(the Co-fine of the Latitude to the Thred)
and it fhall give 400 on theLines, or equal
parcs, the leagues required.

#hich is thus more briefly ;

As — 600, to—fine9o;
So is = fine 42, 0 —— 400, as frequent=
Iy before,

To work, the fix: Problems of Plan Sayling !
by Gunter's Lines on the edge; or th

Triangsler- Quadrant,

Ufe IV,

Note, Thatin this (At of Navs gation |
or Plain Sayling, that the Angle that any |
degree of che Quadrant, or Point of th
Compafs makes -with the Meridian, of
North and Souch.line, that is called the
- Rumb or Courfe. |

Buc the Angle that it maketh with the
Eaft and Weft-line, or parallel, is called the
complement of the Rumb or Courle,

Note, That in plain Triangles, the Sines |
and Tangents give Angles, and che Nom~
bers give Sides. : ]

Note alfo, That in Plain Sayling, the dis
- ftance run, or Cousfe, is the fame with che
Hypothenu(a in plain Triangles, :

" . 1 Shed- FIEYUE AJ[@
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eAlfo nate, That che difference of Eati.
tude is counted on the Meridian, and the
difference of Longitude or Departure from
the Meridianis counted on the Equinoétial,
or ona Parallel of Latitudes.

One of which Lines, in plain Triangles,
is called the Bafe 5 and che other, the Per-
pendiculer. The Bafe being a fine, and the
Perpendiculer a fine complement.

Note alfo, That in North Latitude,Sailing
Southerly , the Latitude doth decreafe ;
therefore you muft fubftrack the difference
in Latitude, from the Latitnde you parted
from ; purif you fayl Northerly, then you
muft add it co the Latitude you parted
from : The likein Souch Lacicudes.

But when one Laticude is South, and the
other Norch, ‘then you muftradd them both
together, S

Note alfo, Thar the difference in Laci-
tude and Longitude, (and Departure) when
given 1n degrees, arc to be reduced to

 Leagues,by multiplying by 20, and counted

alwayes on the Line of Numbers, or equal-
parts, when youufe the Trianguler- Qua=
dnz;g;_
So then in ufing the Index and Square in
lain Sailing, the diftance fayled, 1s alwayes
“ounted on the fadex from the Center, *
' S % The
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The Courfe is counted on the degrees
from the Head toward the Loofe-picce.

The Difference of Latirude on the Head-
Leg, from the Leg-center to the Head.

The Departure or Longitude, is counted
on the Square.

The complement of the Courle ot Rumbd
is.counted on the degrees, beginning at ©0
on the Loofe-piece,

When your number of Leagues excecd
100, you muft double the Numbers on the
Index, the Square, and Head-leg, or count

10 for a 300; &,

Problem L
The Conrfe, and Diffance run on thar Conrfe;
being given, to find the difference in Lati-
tude, and Deparcwre, 'or difference in Lone
girade.

As fine of 9o, to the diftance run (or
Leagues fayled) on the Line of Num-
bers

So is Co-fine of the Courfe or Rumb, to
difference in Latitude on the Num-
bers.

‘Again, for the Longitude or Depart#re-

So is the fine of the Courle, o the Dee

parture, or dgfference in I.Dngitudc.B
)




Base)
By the Trianguler- Quadrant.

As'— Leagues failed; to = fine 9o, Tay-
mg the Thred o the neareft diftance 3

So =Co-fine of the Rumb or “Coutle,
to — difference in Latitude. O,

So 1s= fneof theRamb or Courfe; to
= Departure, or difference in Longj-
tude,

By the Index and Square, after the man-
ner of a Synical Qsadrant, thys ;

Setthe Index (being put over the Leg-
Center-pin ) ‘tothe Courfe counted on che
dezrees from the Head, toward the Loofe-
piece. :

Then {lide the Square perpendiculer to thg
Head-leg, till the divided edge thereof cuss
thie diftance riin on the Index; then thall
the Index, on the Square, give the Depar-
ture or Difference in Longitude 5 and’ the
Squarcon the Head-leg, {hall (hew the Dit-
ferencein Latitude.

o Problem II,




[ 276 ]

Problem 11,
The Cosirfe and Differesce of Latiinde gi-
ven, to find the Diffance run, and De-
parture,

As Co-fine of Courlfe, to the Difference
in Latitude 5
So is fine 90, to the Diftance run.
Then,
Asfineof go, to the Diftanceruns
So is fine of Coutfe, to the Departure.

By the Trianguler- Ouadrant, without
the Square.
As — difference of the Latitude, to
— Co-fine of the Courle 5
So = fine go, to — diftance run.
So is = fine of the Courfe, to the De-
parture,

With the Index and Square,thums ;

Set the Index to the Courfe, and the
Square to the difference in Latitude 5 then
on the Index, is cut the Diftance ; and on
the Square, the Departure,



Problem II1L.

The Coer{e and Deparinre giveny tofind the
diftance vun, and difference of Lasitade.

As fine Courfe, to the departure on

Numbers ;
Sois fine 90, to the diftance.
Agasn,
As the fine 90, to diftance run;
So is Co-fine Coutfe, to differencein La~

ticude.

By the Trianguler- Quadrant,
As — Departure taken from any- fic
Scale, to= Co-finc of the Coutfe;
So is = fine 90, to — diftance run on

the fame Scale. B
So is — fine of the Courle, to the diffe-

rencein Latitude, |

With the Index and Square.

Set the Index to the Courfe, and flide the
Square perpendiculer tothe head-leg, till the
Index cuts the departure on the Square;then
the Index fheweth the Diftance, and the
Square the Latirudc on the Head-leg, coun-
ting trom the Center, -

S 3 Problem IV
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Problem IV,
The Diflance runs and differencein Lats.
tude given, to find the Conrfe and De-
parture,

As the Leagues run, tofine 903
So the diffcrence in Latitude, to Co-fine
Courle, '
Agaln,
Asfine 9o, tothediftancerun;
So 1s fine of the Courfe, to the Departure.

By the Trianguler- Quadrant.

As—— Radius, ora fmall fine of 90, to
= diftance run on the Eineof Lines;

So 15 —"difference in Latitude; to- Co-fitie
of the Courfe, meafured onthe fmall
Sine. : :

So is — fine of the Courfe, :tothe —
departure, carried — in the Lines.

By the Index and Sguare,

Set the Square to the difference in Latiz
tude, and move the Index wll the Square
cuts the diftance runon the Indexs then
fhall the Index fhew on'the Square, she De-
parture ; and on the Degrees, the Courfe
required,

Problem V.



Problem V.
The Diftarce run,, and, Departure gives;
ro find the Courfe and Difference s» La-
titude,

As the Diftancerun, to fine po's

So is the Departure, to fine of the Courfe,
Theny
As fine 90, to the Diftance run 3
So is Co-fine Coutle,: to the Difference in
Latitude,

By the Trianguler-Quadrant.
As — diftance runy to== fine 90
So — departure, to — fingof the Courfe.
So is — Co-fine Cousfe, to— difference
in Latitude,

By the Square and Index.

Slide the Square and Index, «ill the Index
turs the Départure, on theSquare, and the
Square cuts the Diftance run on the Index ;

Tbﬁn,

On the Degrecs, the Index {hall fhew the
Courfe ; and ot the Head-leg; ‘the Square
fhall fhew the differencein Latitude.

S 4 Problem VI,
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Problem V1.

T he Difference of Latitude, and the De-
- parture given, to find the Courfe and
Diftance run.

As the Difference in Laticude, to 45 de-
grees;
So the Departure, to the Tangent of the
Courfe.
Again,
As fine Courfe, to the Departures
So s {ine 90, to the Diftance run,

By the Trianguler- Quadrant.

As — Radius, or Tangent of 45, to
= Difference in Latitude s

Sois = Departure, to —— Tangent of
the Courfe on the Loofe-piece- from
whence you took 4,

' T hern,

As — Departure, to = fine of the
Courfe ;

S01s = 90, to — Diftance run,

By the Index and Square.

Set the -Square to the Diference in Lati-
tude, onthe Head-leg, counted from the
Center 3 and bring the Index to cut the
Dcparture
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Departure on'the Square ; then the' Square .
on the Index fhews the diftance; and the
Index, onthedegrees, gives the Courfe re-
Quired,

Inall thefe 6 Problems, which Mr, Gus-
ter makes 12 Problems, of Plain Sayling,
I have fet no Example,nor drawn rio fizure,
becaufe the way by the Index and Square is .
fo Phin; and of it {elf makes a‘figure of
the work : For the Index isalwayes the
Diftance run, the Hypothenufa, or Secant:
The Square fheweth che Departure ;5 and
the Line of Lines on the Head-leg, the dif-
ference of Latitude : And you may net on-
ly pecform the work, but alfo fee the reafon
thereof, being a help tothe fancy of young
Learners in thefe Nautical Operations : And
if yopr Square playes true, you may be
more exa&t than you can by Scale and Com-
pals, and much more quick and ready 3 not
onlyin this, but any thing elfe in right-
Angled plain Triangles, as in Heighes and
Diftances, and the like.

Ufe V.

The ufe of the Meridian Line, and bis
Scale.

Thefe fiz Problems of Plain Sayling for
] fhore
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flrart Diffances, may come very ner the mat-
cer 3 as in making a Traverfe of the Ships
way from place to place Coajting, 2s1nthe
Streights, and the Channel, and thelike:s
But for great Diffances, itis not o certain
as the Sayling by eMercasors hart ; there=
fore to that purpole the Meridian-line wa$
invented, to reduce degrees on the Globe, to
dcgreeé in Plane,as Mr.Wrigbz hath largely
fhewed.

Oun the innemmoft-edge of theRule, of
Trianguler- Quadranc, you, may have 2
Meridian-line fo large, as to; have half an
inch. for one degree of the Bquinoitial 3
and the inches for meafure, to go.along by
it 5 or rather youmay bave it lie near: to the
Linc of Lines om the Head-leg,: as you fhall
¢hink moft convenient, feor chen it will-be
the fame as Me. G unter’s isy and pexform s
very Operatigns,as near as may be; after his
way, by the Thred:and Compatles; or Index
and Compafes,

Problem I.
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Problem T.

Two places being proponnded, one wnder
the Equinoflial, the other in any Lati-
tude, to find their Meridional difference

sn degrees and minuts, or 100 parts,
I

Look for the Latitude of the place, fci-
tuate out of the Equinoétial' in the Meridi-
‘Un-line, and right againft in the equal-parts
15 the Meridional difference of thofe two
' Places.
Example,

Let the River of Amazones,” under the
Lquinoctial, be one place 3 and the Lizard,
10 che Latitude of 50 degrees North, another
Place 5 look for §o on the Meridian-line,
and right againft it, on the equal-parts, is

| §7-54, for 57 degrets §4 minuts 5 or in
Decimal partsof a degree §7-90.

Problem TI.
Any 190 places having, both Southerly or
Northerly Latitude, to find the Mers-
dional difference between them.

_Extend the Compaffes on’the Meridian~
ine, from one of the Latitudes to the other
the fanie Exrent laid from the beginning of
the




S A
the Scale of equal-parts, by the Meridian-
line, thall reach to the Meridional differcnce
required, .

Or,

The mealure from the leaft Latitude, to
the beginning on the Meridional-line, {hall
reach the fame way from the greater, to the
differcnce on the equal-parts,

Example.

If the Latitude of oné place be 30 degrees,
and the other §o degrees ;5 Extend the Com-
pafles from 30 to §o on the Meridian-ling,
and that Excent fhall reach on the equal-

- parts, fromthe beginning of the Line, to

2.6 degrees 26 minuts.

Problem TII.
When one place bath South Latitnde, and
the other North Latitudeyto find the
Meridional difference.

Extend the Compaffes from the begin-
ning of the Line of Meridians, .to the lefler
Latitude;  then that Extent applied che
fame way on the Meridian-line from, the
greater Latitude, fhall thew on‘theScaleof
equal-parts-the Meridional difference requi-
red.

' Exampler
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Example,
Suppole onc Latitude be 1o deg. South,
- and the other 30 deg, North; The Estent
' from o to 10 degrees, fhall reach from 30,
to4x° 31/, the Meridional degrees xequia
red.
Problem IV
The Latitndes of twoplaces, together with
their difference in Longitude being gi-
weny to find the Rumb direling from
one tothe ather.

As the Meridional difference in Latia
tude, to the difference in Longitude
Soisthe Tangent of 45, tothe Tangent
of the Rumb or Courfe,
Example.
Let one place be inthe Latitude of . g0
orth, the other in x5 deg. and 30 mun,
North, as the Lizard-point, and St. Chri-
frophers 5 and let the difference in Longitude
be 68 degrees, 3¢ mipus;  and lec the
Rumb, leading from the Lizard co St.Chri-
fophers, be required- :
Firft, by the Meridian-line, and the Scale
of Equal-parts, by Problems L. find the
Meridional difference in Latitudes, which
10 our Example will be 42 degrees, and 12
Partsof a x00, 3
peot il Then,
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Then,
The Extear on the Line of Numbersy

fromy2 degrees and 12 mihuts, the Men-

dional difference i Latitude, to.88 degrees
and go minuts, the difference in Longitude
fhall reach the fame way from the Tangent
of 45, tothe Tangent of §8 degrees and
26 minuts, the Rumb from the Meridian ©
the Lizard Weltwards, beiig two degreesy
and better, beyond the yeh Rumb from the
Meridian,

Bythe Triangisler-Quadrant thus ;

As the — Tangent of 455 taken frof
the Loofe-picce, 15 to the — Men

dional-difference in Latitudss on th® |

Line of Lines;

So is the — difierence in Longitudes, 1
the — Tangent of the Coutfe §8 de-
grees 2§ minuts,

But by dhe Index and Square, this ss
wronght very cafily and demonfira-
tively thaas
Count the Meridional differerice of Lati

eudes ot the Heéad-les down-wards fros. |

the Center, as 42 and 12 on ¢he Lincot
Lings, and fet the Square to 1o
Thev
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Then, .
Count the difterence of Longitudes on
the Square, vz, §8-50, and to thacPoint
I lay theIndex ; and then the Index onthe
| degrees fhall cuc the complement of the
Courle, wiz. 33-3§50r 58-24,1f you count
from the Head-
| Having been fo Targe in this, I fhall con=
tract the reft,

Problem V.
By the two Lavitudes and the Rgmb, to
find the Diftance on the Rumb.

| - As the Co-fine of theRumb, to the true
difference of the Latitudes, (on the
Numbers) 3
So is the fine of s0, to the diffance on
the Rumb required, ( on the Num-
bers).

Being given in degrees and Decimal parts,
and brought to Leagues by multiplying by
20, or 24, according to Mr, Norwesd, as
before.

_ Nite alfo, That the true difference of La-

titudes, is found by Subftradtion, of thelels
autude out of the greater.

| Ead : By
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By the Quadrant.
As — true difference of Latitudes, to
— Co-fine of the Courfe or Rumb ;
Sois — fine of 90, O — diftance on
the Rumb'(in the fame Lineof Lines).

The Index and Square is ufed as in the

fecond Problem of Plain Sayling.

Problem VI,
By the two Lavitndes, and diftance between
two places given, to find the Rumb.
Asthe diftance fayled, in the degrees and
190 parts,counted on the Lins of Num-
bers, isto the crue difference of Lati-
tudes , found as before, by Sub-
{traction 3

"% is the fine of 9o, to the Co-fine of the

Runib required.

As — fine of 90, to = diftance{ailed 5
o is — difference of Laritudes, to — Co= |
fine of the Courfe,

By the Index and Square, work as in

Problem IV. of Plain Sayling.

Problem VIl
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Problemi VIL B
Both Latitdes dnd the Rumb gion, i
find the differance of Losgitude,

As the Tangent of 45, to the Tangent of

the Rumb ; 3 : Lol a0
Sois.che Meridional difference of Lacitudes,

to the difference of Longitude required.

As — Tangent of 45, to=Tangent of the
Rumb, ( firlt laid onthe Lines from the
Loofe-piece) 3 :

So is the — Meridional difference of Lati~
tudes,to the difference of Longitudes,

By the Index and Square, work asin the
4th Problem lait paft.

Problem VIIL., 5
By one Latitudey Diftance and Rymb;
to find theother Laritude, -

, &sfine 9o, to'the Co-finé of the Rumb
So isthe diftance, to ‘the true difference of
Latitude, ¢ ¢ 1T
, As —Co-finie of thie Cotirfe, to = fin€ 90 3
Sois = diftance, in degrees and parts, on
the Lines, to the — rruedifference in La~-
HBitudes, to be added or fubftracted from
thc Latitude you are in, according as you
: T have




[ 290 ] :
have increafed, or depreffed the Latitude
in the Voyages

By the Index and Square, wotk as inthe
gth Problem laft paft,or 24 of Plain Saplirge

Ufe VI,
T find the diftance of places on the Globe of
" Earth and Sea s Or, Geograpby by the
Trianguler-Qnadt ants

aan Problem I,

When two places are {cituated under the
fame Meridian (or Longitude) and on the
fame fide of the Equinoghial 3 then fubftract
the leffer Latitude out of the greater, and
the remainder fhall be the diftance inde-
grees required, counting 20 (or 24) Leagues
to a degree on cvery grear Circle of the

Sphear. ,
. Problem IT.

When one plage is on' one fide of the E-
quino¢tial, :ng the other an'the other fide 3
and yet both on one Meridian, as was the
former 3 then the two Lacitudes (wiz, the
North-latitude, and the’ South-latmugde )
added together, (hall give the diftancen
degrees required, -

| Etoﬁlcm L.
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Problem IIIL
When the two. places differ only in Laric
gitude, and are both under the Equiiottial,

then fubftract the lefler Longiride from the
greater, and the refidue is the diftance in

degrees.
Problem 1V,

When the two places have both orie Latis
tude, or near it; North or South, and differ
only in Longitude.

Then work thu
Asfine 90, to Co-fine of the (middle) Lati-
tude _
Sois the; fine of half the difference in Lon-
gitude, to the fine of half the diftance,

By the Trianguler- Quadrast, or Seltor,
As — Co-fine of the mean Latirude, t
the = fine of 9o, laying the Thred to
the neareft diftance 3
Sois =fine of half"the difference in Longi.
tude, to — fine of half the diftasice,

Problem V. - a
When both places have different Longi.
tudes and Latitudes, aschefe Three Wayes

following,
ada X 1.'Way‘a'
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E 71 Way.
" When one place bath no Latitnde, and the
"“ather North or Sosith, with differenct in
¥ Longitude alfo; then,
‘As fine 9o, to Co-fine of differencein Lon-
gitude 3
So the Co=fne of the Latitude, tothe Co-
.. fine of the diftance requireds
By the Triangwler- Quadrants thus 5
As — Co-fine of difference in Longitudes, °

tothe =fine of 90}
So the = Co-fine of the Latitude,-to' the

= Co-fine of the diftance,

1T Way. .

#hen both the places have-sither North or
Somh Latitude, thas iy both toward
one Poley then thus,

As thefine of 90, 20 the Co-fine of the dif-

ference in Longitude s

So ‘the Co-tangent of the Ieffer Faticude,
to Tang. of a4th Ark,

Which 4th Ark, muft be taken ouit of the |

complement of the greater Latitude, when
the difference of Longitudes is Iefs than2

Quadrant, or added to it when mere, thett
the
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the fum or difference fhall be a2 gth Ark;
Tbﬂ#)
As the Co-fine of the 4¢h Ark, to Co.fine
of the gth Ark 5 °
So is the fine of the lefler Latitude, tothe
fine of the diftance.

By the Trianguler- Quadrant,

As — Co-fine of difference in Longitudes,
to = fineof go;

Soisthe = Co-tangent of the lefler Lari-
tude, taken from the' Loofe-piece, and
laid from ‘the Center, 4nd from thence
taken parallelly to rhe's— Tangeacef a
4th Ark, which do with, as bgforgis
thewed, to find a gth Ark, Sh

And then,”

Asthe — Co-fine of the 4th Ark; to the
= Co-fine of the gth Avk;’ '

So is the — fine, of “the leffer Latitude, to
— Co-fine of the diftance, ==

IIT ‘Way.
But when one Latitude & on ane fide the
Eguineitialy and the other on the other-
fide, viz. one baving North-latitude,
and the other Sowth., T hen,
As the fiue of 90, to the Co-fine of the difs

ference in Longitude 5
T3 Sa
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So1 is the Co-tangent of one Latitude, o the
Tangent of a 4th Ark.

Which taken out of the other Latitude,and
po deg, added,when the difference of Lon-
gitude is les than a Quadrane, but added
to it if more thana Quadrant,and that fum

or difference fhall be the'yth Ark,

. Then,
As the Co.fine .of the 4:h Atrk, to the Coe
fine of the gth Ark;
So is the fine of the Lmtude, ficft caken, to
the Co-fine of the diftance in degrees,

By the Triangnler- Quadrant, or Seltor ;

As the — Co-fine of the difference of Lon~
. gitudes, to = fifie of 903
8o the = Co-tangent of onc Latitude (be-
ing firft aken. from the Loole-piece, or
Moveable-leg, and laid from the Center
downwards, and from thence taken
parallelly ) to the ~— Tangent of a 4th
Ark, :
Which 4th Ark you muft do with, asbe-
{orc, to obtain a 5th Ark,
Then,
As ~— Co-fine of the 4.th Ark, to = Co-
fingof the gth Ark;
§0 — fine of the Latttude firft taken, to
#= Coxfine of the dl{iallccg That
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That i3, when the gth Ark is fubftra@ed 3
ory-to the Co-fine 'of the comp, diftane
when added, ' _

! Example,

Suppofe I'would know hew far it isfrom
the Lizard, to the: Cape of Good H. ape 3 the
Lizard having 50 ‘degrees of North-Jati.
tude, ‘and theCape of good Hope 35 degrees
of Souch-latitude , ‘and che difference in
Longitude 30 degrecs,

As the fine of 90, to the Co-fine of the
difference in Longitude 30, ‘being beft
counted from 9o backwards 3

Sois the Co-tangent of 50, (viz, at 40)
£0 36 degrees ‘o1 minut, a 4th Ark.

Then 9o degrees, and 35 degrees, the 0-
ther Latitude added, makes 125 . from
which fum, aking the 4th Ark, remains
88-59, for a yth Ark.

: Thern fay,
As the Co-fine of the.4th Ark 36-1, to
the Co-finc of the gth Ark 88-59 5
Soisthe fingof yo, the Lattude fisft
taken,  to the Co-fine of the diftance
89 deg, 3 min, the nearcft diftance in
-the Archof a greacCircle,

T 4 Note,
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Nite, That here you will have occafion
to make ufe of that help mentioned p.218,
Seft.3. As thus for inftance, .

The Proportion being as the Co-fine of
36-3, tothe Co-fineof 88-595 which 1s
all one, as the fine of 54 and 59, to the finc
of 1 degree and 1 minut, which is too Jarge
for ordinary Compafles, on ordinary Gun-
ters Rules 3 therefore firft lay the diftance
from the fine of 90, tothe fine of 54 and
§9, the fame way from the fine of § degrees
and 45 minuts, and note che place.

Alfo, Lay the diftance trom the fine of
90, to the fineof 50, the fame way from
the fing of § degpees and 45 minuts; and
note that placealfo.
: Tbﬂ!,

As the Estent firft noted for §4-59, 8

to:x degree and x minut, the Cofine
of 88-—59 3

So is the fecond mark noted for 5o, t@

© B9-3, the diftance in degreesrequired.
_ “Which multiplyed by 72, gives the di-

ftance inthe Arch of 2 great Cirele, wiz-

6412 miles Statute-meafure; Or, §34°
- miles; whereof 60 make oné degree, ona

great Circle on the fuperficicsof the Sea.

Ufe VII.
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Ufe VII.

To find the diffance of places by the Ne.
saral Ver[ed Sinesin the way of a4 Seftoy
on the Triangnler- Quadrant, being
mnch more eafic than the two former
wayes.

Firft, by the Pes, find the fum and dif_
ference of the complements of the two La.
titudes, and count thac fum and difference
on the verfed Sines latterally, and take the
diftance between your Compafles, and make
it a parallel verfm{ Sine of 180 degrees,

Or, by the Trianguler- Ouadraps.

If you have notthe Line feton from the
Leg-center, then the fmall Line of Sines be-
yond the Leg-center, being doubled, will
do the work, by taking the diftance between
the fum and difference, and fetting one Point
in the Center-prick at two times the Radius
of the Sines from the Leg.center 5 and then
laying the Thred to the neareft diftance, or
the Line of Right Afcencions under the
Months, is a fir Line,

Then,

Take out the = difference of Longitude,

and
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and that fhall reach laccerally from the dif
ference to the diftance required,

Example, 3

Londss and Ferufulem, two places in
Notth Latitude ; London §1-32, Fersfalem
32-0, wholetwo complements 38-28 and
s 8 added, make 96-28 for afumy and one
taken from the other, leave 19.32 for 2 dif-
ference,

Now the ~— diftance between the verfed
Sines of 96-28, and 1932, makea ==ver.
fed Sine 11’180, keeping the Se&or fo, or
laying the Thred ‘tothe neareft diffance,
(and noting where it cucs in degrees),

e,

The = diftance between 47, che diffes
rerice of Longirudebetween the twoplaces,
fhall teach on the verfed Sines from x9-32,
the differénce to 39-14, the diftance re-
quired ; “Awhich, at 72+ miles to a degreey
makes 280§ mnles.

Note, ‘This onie Rule comprehesds all
the Three laft Wayes, and is not “troubled

with half fo many Cautions as the former.

Ufe VIIL

J
|
[

?
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Ufe VIII.

Having the Latitudes and Diffayce of twe

places, to find their Difference in Loye
gitudes

Find the fum and difference of the twio
Co-latitudes, as before, by Addition and
Subftractions count them on the veried
Sines, and take the — diffance between,
and make ita = verfed Sine of 180,

T ben,

The — diftance, between the difference
and diftance on verfed Sines, fhall flay at
the = difference in’ Longitudes required,

Example, '

Lec one place be Burmudas Ifle, and the
Lacitude thereof 32-2¢ 5 let the other place
bethe Lizard-point, and the Latirade thereof
§0 degrees 3 the Co-laritudes are §7-35 and
40-0; the fum of themis 97-35 ; the dif
terence between them is 17- 35. The di-
ftance in the grear Circle, accordingto Mz,
Norwood, is 44-30, or 886 Leagucs, courie
$ing 20 leagues to one degree,

er, :

The — diftance between the verfed Sines
of 17-35, and 97-35 made a2 — verfed
Sing of ¥80, the Sector is fer,

il Theny
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Then,

The — diftance taken between 44-305
and 17-37 on the verfed Sines, and carried
parallelly, fhall ftay at 55, the difference in
Longitude required between thofe two
places, :

RE3S523887535555858

CHAP, V.
Of Sayling by the Archof 4
great Circle.

N the Book called, The Geometrical Sean

man, by Mr. Phillips, is a very ready
Figure to fhew ina Quadrant, or more, by
what Longitudes and Latitudes a Ship is to
pafsin any long-run, which is conrained
under 9o degrecs, or 120 difference of Lon-
gitade; and the two places having both
North Latitude,

Which Figure, or Quadrant,is neatly and
readily performed by che Trianguler-Qua-
drant, phys
Ulpon
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Upon the back-fide of t]he Index; beforg
fpoken of, may be graduated from the Cen-
tery two Tangent-Lines, one equal to'the
Radiuson the Loofe-piece; the other to the
Radius on the Moving-leg ; then in the
ufe, count the fiducial Line in which the
Leg-Center-pin ftands, alwayes for the Me~
ridian of onme place; and fome wherein
that Line, according to the latitude thercof,
counting the Leg-center the Pole of the
World 5 and the Index being hung thereon,
by the Tangents' prick down the Latitude?
there, I fay, knock inaPinto ftay a Thred
forone place; then, on the degrees, count
the difference of Longitude from the Head.
leg, and lay the Index toit, and bring the
Thred faftened, 'as before, till on the Index
it cuts the degree and part ‘of the other La-
titude, and there'make the Thred faft with
another Pin in ‘the Loofe-piece.

Then,

If you move the Index to any degree of
Longitude between thofe places, the Thred
fhall cut on the Index the degree of Latit
tude that anfwersuncoit ; or if you make
the Thred cutany degree of Latitude, the
Index gives the Longitude required for that
Latitude, ‘

: Noteg
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‘Noate, If the Latitude be fmallyasbetweed
10 and 30, the fmall Tangenis are moft,
convenient ; butif it be berween 40 and
80, the greater Tangent Lineis beft, :

Note, That two. Threds.and a pair of
Compaffes may ferve 5 byt the Index 1 mch
bester and quucker in Operation,

Exanmsple.

Let the two. places be the Summer-I{lands
and the Lizard-point 3 the fame Exampis
that you find in Mr. Norwood, pag: 126 3
and in Mr. Phillip’s Geometrical-Seaman;
pag. §5. thet you may the more readily
compare the truth thereof by. their Opera-
fions. ) !

. TheLatitude of the Lizard Poim 1s 501
degrees, the Longitude 15 104

The Latitude of the Swmmer Iflands is
32-25, theLongitudeis 300,

The Difference ot Longitudes is 705 asis
computed by their Obfervation.

Then,

Hanging or pusting the. Center-hole of
the Index over the Leg-cemer-pin, and
counting the fiducial-ling on the Head-leg
for the Meridian of one place, count on the
Tangenc Line on cthe Index the Co-tangent
of one Latitude, as fuppofe the Laticude of

ghe Lizard-point (the Center alwayes couné
ted

|
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ted as 90) and 51er'e 3}mock inaPinin 2
fmall hole to hang a Thred on.

Then count 70 degrees, the difference
in Longitude,on the degrees from the Head-
leg, and there flay it3 then draw the Thred
put over the fisft Pin, till it cut the com.
plement of the other Latitude, and by help
of another Pin ftay it there, which, you may
conveniently do by one of theflidingfights;
then the Thied - being folaidy’ flide the Iy
dex to every fingle degree, or fifth degrec of
Longitude, 'and then the Thred fhall {hew
on the Indes, the Co-tangent of the Lari-
tude anfwerable to that degeee of Longi.
tude, as in the Fable annexed,

Alfo, If -youwould have equal degrees
of Latitude; and wduld find the Longitude
according toit 3  then {lide the Index to
and fro till the Thired cuts on t]‘lt‘ Indexan
even degreeof-Latitudey then ongthe de-
grees you have the differenceof Longitude
trom excher place.

Alfo note; That the drawing of one Line
only on the Trianguler Infirswent in the be-
ginning, according ta the diredtions of lay-
ing of the Thred 3 with the Thred and
Compaflesy will perform this work alfo,

The
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The Table,

- Long D.L. | Latitude
3001 ©9 | 32—25
305 2 of 1 3552
310{ 10 | 38—51x
315 | 15 | 4124
320 20 | 43~34
| 3251 25 | 45—24
339 30 | 46-54
335 35 |48—07
340 40 | 4904
345 1 45 | 4947
3591 5© } 591§
355 | §% | §0=3%
3604 60 § 50—33
oy | 65 [ so—~23
10f 70 | go—00 |

If this work

fitnot any cafe that may
happen, there is another way mentioned in
Page 75 of the Geometrical Seaman, by the
Steriographick Projettion s and that Scheam'
1s drawn the {amc way, a5’ the Horrontal.'
Projettion for Dyalling was, and fomewhac
eafier; and any two Points given, in a2 |
CjIle;
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| Lircle, you may draw a great Circle to cug
them, and the firft Circle into two equal
sparts, by the directions in Page 155 And
the Application.: chereof you have ver
plainly in Mr: Pbillsps his Book, to whicﬁ'
1 refer you; haying faid more thanac firft 1
srended, which was chiefly the ufe thioreof
in Obfervation only, . :

So for the prefent . X contlude this Dif-
«courfe, ' and fhall endeavonr a furcher Ad-
vantage in the nextImpreffion, according as
. Time and. Qppertunicy fhall offer, Favewel,

. The Endof the Second Parea:.

[f he Tab’e‘bf the Things ‘con-
;. tained in this Second Fare.

y g adt Ro o\ txiqwn A SulRage]
=\He difimisson and kind of Dialsy: . . >
- X - Direilions todraw the Scheass, - . 9
To draw Lines to reprefent the feveral forts of
'\ Plains inthe ch i iy afy
L'Ia draw a Scheam parsicularly.for one Dial,

\ - i ¥
\ Tadraw the Equinollial. Dial; 1 b iig
o try when a Plgin lies Equineltinly . 20
B v To




The TABLE,
Todraw a Polar-Dial, ' 2t
To draw an Erett Eaft or wefl-Dial, 24
Todraw a Horizonral-Dial, 27
T bé demonfiration of the Caon for Hogrsy 1o, |
Todram a Direit ‘Eveft South or Northbe |

DJ.GI, 3,0 4 !
To draw a Direit Rfc!imrz, : 3388
Thi ufe of che Figure, . 5

3
To'draw & Direlt East or West Recliner, 37
Tomake the Tableof Aikyae the Pole, 42
Fa:xefer thofe Dedls to.amew Latitade, dnd 4
| new Deglination, wherein theymay hecomt
: - Erelh Deslineryyy 500 |0 wiv 4
To find the Requifites by the Scheams,  ibide

To Jind the Declination of @ Plain by 1he

-, ANeedley or bythe Suny Ads, | 49
Tﬁ"f:x&éf—'m Angle, or fer.rbe Sellor to any 1
M@!&r&q«irdf?-‘-’—' (1 | 53

Precepes to find the Declination by the Suny
giand Examples alfo of the famey i B
To draw ai Evech Diolimng-Dial, " "% 31 4
The Proportions: for e Regusfices of Brelt |
Dglimensy 1 s g
7o find the Requsfises Three Wayes, ' 66
T draw the Erelt Sonth Decliner, 61
3o draw the Lines on a North Decliner, 70 |
X0 draw the Howr' Lineson's Plisw, that dge
© elined.above 60 degreesy el |

3 of
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The - TABLE

Page

Of Decliming Reclining Plains, 77
The first fort of Sowth Recliners, 79
The fecoud fort of Somth Recliners, being Po-
lars, 90
The third fort of Sonth-Recliners, o8
The first fort of Noreh Recliners, 106
Tbe [econd fort.of Norih Recliners, é':r'ng E-
gusnottial, ; 114
The third [ort of North Recliners, 19
Of Inclimng ‘Divls, 126

7o find the ufeful Hours in all Plains, 130
To draw the Mathematical Orpaments o all

[forts of Dials, 134
To draw the Tropicks, or lengih of the Day,
136

To make the Trygon, 138
Todraw the Planerary or Fewifh Hogrs, 142
Todraw the Italian Hours, 144
To draw the Babyloni[lh Hours, 145
To draw the Azininth Lines, 146
To draw the Almicanters, e
Todraw the Circles of Pofition, o Hogfes,
160

To draw the Hours, and all the reft, on the
Ceiling of a Room, 165
The Fignre of the Inflrument, Explained,
166

7 3 A Tablg




The TABLE. |
' s age
‘A Table of the Suns e Aximuth, 4t Cvery

 Hosr and Quarter, in the whole Sig:;;a,
‘A Table of the Suns Altitwde the fame rin;h
: ' 109
The Defcription and Ufe of the Armilary-
Sphear for Dyalling, [everal wayes, 372
The Defeription and Wfe of the Poor-man’s
Dial-Sphear for Dyalling, and [everal

Ufes theredf, 203
How toremedy feveral Inconueniences inthe
““wfe of the Gunter’s Rule. 220

The %fe; and a further Defcription of the
Trianguler- Quadrant, for Navigatson, or
Obfervation at Sea, 227
For a fore-Obfervation with Sights, 233
For'a. foré-Obfervation with. Thred and
Plummet, ' 235
For'a back;Obfervation, @ aDavis Qua-
* drant, : = 237
Tofind the Sunsdiftance from the Zenith, or

the Co-altitnde, 238
To find the Ahitffdt, when near the Zewith,
: . 230
Tofind a Latitude by a forward Obfervation,
s with a Gunter’s Bow; 241
To find the Lavtwde by a back Obfervation
e, (4 : 247
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The TABLE. S
2 Page. -
To find the Latitnde by a Meridian Obferva-
tion, with Thred and Plummet, ' 252
T find the Suns Declination, 254
A Table of the Suns Declination” for the '[e-
cond after Leap-year, 256, 257
ATable of the Suns Decliyation for every
sth Day the istermediate years, 258,

- . 259
A Reélifying Table for the intermediate
JEArsy 260

A T able of the Mdg#;!fldf.f Declinatsons and

Right Afcentions of 33 fixed Stars, in
Degrees, and Hours, and Minsts,  26x

The ufe of the Triangnler-Ouadranty inthe

Operative part of Navs gariony 267
Of Sayling by the Arch of a great Circle,
: ik ' 300

FIN_IS.




Errata. fmr the Second Part, l

Age ¢, line xo.:[o'r tooyread ro, P, 13;1.1.0. k.

Hyr, theends of the Arch Q P p.2ad.14fe
begins, v.being. p.xsh A7k Larude, 1. Co-lasi-
tade p.34.)- 8.6 B 0. fum. p.39.L2a.f incliner,
v, inclination of Meridians. p.61.1.23. f. placa, 1.

lein. p-62.l.20.f Q1 Q. p.66’.l.z.fl,r.T. p£3.
Jef1ad. 7, P9z J@z2.1, gives a mark near Eywhofe
meafure ontbe Limb fromB. p.8q. Le.f. gibes_r.
gives. Lit.add atRonear C, p 93.125 £.FE 1.PE,

Poico.lar. add e'd nexrgives, p. rord6.f85 0

£-3 p.las.) vk wfe, X bave. p.108.Lg £, Poia,r.
Zenith. paxe b b curs 12, 1. cuts the fubfiile.
p-113.L1of DE,r.DE g f. T.r.CT. alfa
L8 CTApi22 LeLE, r. F. prazfing,rys
5,16, add Sine, parsla6 LI r L. poages Ly,
add,arinthis Example. p.aso.lé.add s, P17
Lso.f. divides, 1. divided. p.181.Lan.£. popficien,
£. proporrion. p.119.1.27.L from, r. on. p.193.L6.
f. beings v-biing. Pp.197 L.4. f, elevation, r. incli-

paticn. P.2oo 1.24., f.C,r. G, p,;g",_l,s, K ILE.

p 209.add inthie faft Line, or by the upper part of
the Plain, p-124.1.18- add, or yemcue the Thred to
yurn it further when it veclines beyond the Pole.
p-238.1.7. add of: L. 20. add bur. p.247. Ly 3 fe
and much betterin fmall Latitudes.  p. 148 1.5. f.
w, . 1wo. Pazsld.og f.20,r, 33. Alfo, L 17. K
40y e 27,

!




’ ' Advertifements.

The ufe of thefe, or any other Infiruments
concernine the Mathemarical Pra&tice,or further
Infirudtions in an{; part thereof, is taught by
Febn Colfon near the Hermirage-flairs.

Allo by Euclide Speidwel, dwelling pear to
White-Chappzl Church in €apt. Canes Rents, or
at 'the Cuftom-houfe,

Alfo, by William Northhal) Mariner, dwelling
at the Crooked-Eillet in Meeting-houfe Alley
on Green-Bank near Wapping.

Alfo the Inftruments may be had at the houfe

. of Fobn Brown, Fobn Seller, or Fobn Wingfield,
asin the Title-page is expreffed,

There is now extant aJaige Treatife of Xa-
Vigation 1N Folio , deleribing the Sea.Coafls,
J. Capes, Head-lands, the Bayes, Roads, Rivers,
' Haibours and Sea-marksin the whole Norrhern-

Navigation ; fhewing the Courfes and Diftances
from one Place ro another, the ebbing and
flowing of the Sea, with many other things be-
longing ro the prad&tick part of Navigation,

A Book ( not hererofore printed in England )
Colletted from the praltice and experience of
divers able and experienced Navigators of our
Englifh Nation,  Publifhed by Fobn Seller,
Hydrographer ro the Kings moft excellent Ma-
Jefly, and tobe fold by him at the fign of the
Maripers Compafs at the Hermitage-flairs in
' Wapping, and by Fokn Wingfield tight againft
St. @ laves Church in Crouched:Fryers.

Praffical Navigation; or, an Introdu&ion to
that whole Arr,  Sold by Febn Seller and Fobn
W Wingfield aforefaid,
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