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DIALLING. 43

! Equinottial [Hour-dilt,on| By this Table you may fee -
| Hours |Diftances | the P!aingﬂl. that the Hﬂl_il'-ﬁ.lﬂaqc_e}; a-
| Eaft Weft |D. M.[D. M.| bouttheSubftile (andindeed
= -| all the reft except the ex-
Bl X - 84 5138 23] tream Hour of XII) do fall
X1 Iy 518 58] 1o near together, that with-
X I1i56 51 4 36l out an infnite extention of
X T4 51 2 42| them, there will be no com-
VIIT | IV]26 5] 1 31| petent Diftance between
VII Vit 5] o 36| Hour-line and Hour-line ;
The Subftiles Place wherefore, laying afide your
V] § 55| o 13| Table, proceed to make
Ay VI T 4| your Dial Geometrically,
v viils; 55 2 6| according to thefe following

= ' Direftions. _
- The Geometrical Projelfion of this (or the like) Dial.

1. Draw aright-line A B perpendicular to one fide of your Plain, and Figure
towards the Right-hand, becaufc the Plain declineth Eaffward; and VIIL
with 6o deg. of your Line of Chords, defcribe an obfcure Archof a
Circle CD E, and upon it (from C to D) fet off 38°deg. 23 min. the
Subftile's dift ance from the Meridian, and draw the Line A'D for the

oftile, quite through the Plain. |
“ 2. Out of your Line of Chords take 3 d;.:g. 6 min. the height of the

- 8tile, and fet them upon the former Arch from D to B, and draw the
Line A E for the Srife, ;

3. Now (becaufe the Stife is but of imall Elevation, viz. but 3 deg.

¢ min.) draw another Line (as GH) parallel to the Line of the Stle
. A E, at fuch convenient diftance as you fhall think fic; which {hall be
your .dgmam! Stile. : '

4. Affume any two Points in the Subffilar Line AD, at fome conve-
nient diftance cach from other, as R and S, and through thofe two
Points draw two infinite Right-lines, both of them at Right Anglesto
the Subffslar Line A D, as the Lines ZZ, and XX, '

5. From the Point R, with your Compalfles take the neareft diftance
to the new Augmented Stile GH, and fev thac diftance upon the Subffi-
lar Line fmm?to K.——Alfo, from the Point S, take the neareft di-
ftance to the new Adugmented Stsle GH, and fer that diftance alfo
‘upon the Subffilsr Line from S to L.

6. Upon thefe two Points K and L, with éo deg. of the Line of
Chords, defcribe two Semicircles, and in either of them fet off 86 deg,
‘¢ min. the Plain’s difference of Longitude; as from R to M, anda
from S to M; both of them on the fame fide of the Subfislar Line, on
“which the firft perpendicular Line A B was drawn.

7. Divide either of the Semscircles laft drawn into 12 equal Parts,
beginning at the point M, as the Points ®@®, ¢ which 15 deg of
the Line of Chords will effeét-

8. Lay a Ruler to the Point T, and the refpective Points 0@, &e. in
the Semicircle, and the Ruler will cut the Line X X in the Points #¥*
&re——Alfo I‘a}r a Ruler to K, and the feveral Points @ @@, . and

“the Ruler will cut the Line ZZ in the feveral Points **%, o,
" Laftly, Lines drawn from che firft Point * in the Lipe ZZ, tothe
firft Pomnt * in the other Line XX, (which the Swbftilar Line will dEit-
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(DY LN NGy
Chap, IX. Fig. IV, and V. of this Traftate do plainly demonftrate: So
from a South Daciinin Plain, maya North Declining Plain alfo, be
deduced ; and thisis alfo demonftrated in Chap. XII, Fégﬂra VI and VII,
at the end of which 12th Chaprer 1 ufe thefe words, [ “ From this South
“ Plain declining Welt, a South Dial is alfo Declining Eaft 30 deg,
“ turning of the Eaft fide to the Weft fide, andche contrary ; and by
 changing the names of the Hours, by calling 11 One, 10 Two,
“g Three, &e. Allo 1 Eleven, 2 Ten, 3 Nme, &v. The Fore-
“noon Hours in thé Weft Declining Dial being the Afternoon
“ Hours in the Eaft Declining Dial, and the contrary] Now
becaufe thefe kind of Dials, are of all other moft common in ufe,
and to make them the more confpicuous to every Mans Eye , I have in
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this Chapter,” Figure XXIII, made Four Dials together,. all of them de-

duced from one Dial, namely, A South Declining Eaft and Weft 30 deg. &ﬂ”

and a North Declining Eaft and Weft as much, only placing the num-
bers of the Hours and Stile refpectively upon each IE;ain. In which
XXIIf Figure, you may plainly fee, that thereis no difference at all
between the South declining Eaft, and the South declining Weft, but
that the Forenoon Hourson the Lefr Hand of the Meridian in the
Eaft Dial, are become the Afternoon Hours, and on the Right Hand
of the Meridian in the Weft Dial; and the contrary. The Stilesof
the Dials alfo, muft of neceffity change their places, for the Stile
which in the Eaft declining Dial ftands between the Hour Lines of 9
and 10 in the Fore-noon, ftands between the Hour Lines of 2 and 3 in
the Afternoon And in this XXIII Figare you may alfo obferve
that each North Dial is formed out of its correfpondent South, by
only drawing of the Hour Lines, Stile and Subftile, of the South
Dial through the Center. Andf{o is the North declining Weft Dial
odeg. deduced from the South declining Eaft Dial 30 deg. And the

ort dac:]ininF Ealt Dial, out of the South declining Welt —— And
from hence it followeth of neceffity, that the South fide of the Plain
declining Weft, the North fide thereof declineth as much towards
the Eaft, and the contrary. And this alfo holdeth inall other Dials,
as fhall be made appear. For, :

Inthe 14th Chapter of this Traftate, Figure IX, you have an Eaft
Incliner, deduced from a Weft Incliner In Chapter XV Settion 2,
Figaure X1, You havea North Inclining Dial 25 deg. deduced from a
South Dial Reclining as much, namely, 25 deg.— Alfo Chap, XVI,
Sef. 2 and 3, Fig. XIV and XV ; by the former Artifice may two
South Incliners be deduced from the two North Recliners, although
Lines are not drawn ( becaufe the Hour Lines, proper for the Recli-
ners, do occupy both parts of the Plain, above and under the
Hours of Six ) yet the reafon of effeCting what is here intended, may .
be ealily conceived. _ X

Again, In this Chapter Fignre XXIV, You have a North Reclinin

II1.

: Fi
Plain dex:linin% Weftward 6o deg. And if from thence you wmlgﬂé’,

make a South Inclining Plain declining 30 deg. the very fight of the
Figure is enough to inform you. But leaft any doubt fthould arife, Let
A 3, 4,5,6,7,8, be the Hours of the Recliner, and D S the Stile
thcreuf, which drawn through the Center to E, take the diftances
of each Hour from D, and fet them from E, the Hours under Dabove
E, and the contrary; or elfe draw th%n all through the Center, StiI;-
an
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SHEWING,

Several Ways, bow to find the true Places of the
Stile, Subftile and Meridian ; As alfo bow to
draw the Hour-Lines, apon all Plain Superfs-
cies in their due Pofitions.

The Second T R AC I'AT E.

P-ROE M

N the fore-going Traétare, having Iargeldy infifted upon all forts of
‘Plains, upon which Dials are ufually made, and fhewed the Reafon
of each Plsin deduced from the Sphere; I fhall in this Second Traate
be more brief, thewing only how the Places of the Stile, Subffile and _
Meridian, may be found upon all forts of Plains, feated in their true
Places and Pofitions, and them todraw the Homwr-Lines. And
therefore to fay nothing of the Horizontal, Full North, Soush, Eait, or
Wejt Plains, whether Ereit or Reclining, 1 fhall immediately begin
with Upright Declining Plains, and from them proceed to Somrh and
North Declining Reclining Plsins, giving but one Example of each kind.

CHAEA

Hao o fd he Placeof the Subfile, Seleond Meridian,
aPInd_bnw todraw the Hour-Lines upan an Eret Declining
d1m. '

OUr Firft Example fhall be of an upright Plain declining from the
South Eaftward 30 deg.in the Latitudeof 51 deg. 32 min.
Upon C, as a Center, defcribe the Quadrant C AQ, and with m‘\
fame diftance of the Compafles, upon A, (which fhall be the Center
of the Dial) defcribe an obfcure Archof a Circle, and herein fet off dgg
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GEOMETRICAL DIALLING. 93

2. Set 20.deg. 18 min. the Arch laft found from A to Q, and draw the
Line Q C perpendicularto A B —— Alfo makeB S equal toQ C——BO
toBR —— And B W equal to B M —— So fhall BS be the Sine of
2odeg. 18 min. the Arch laft found B W the Sine of 6o deg. the
‘Complement of the Declination and B O the Sineof 64 deg. 41 min.
thediftance of the Meridian from the Horizon.

3. Take in your Compafles the diftance B S, and fetting one foot inQ,
with the otherdefcribe an obfcure Arch of a Circle # 4, and from B, draw a
Line B a2, which may only touch the top ofthe fame Arch, which done, fet
- one foot of the Compaffes in W, and with the other take the neareft diftance
to the Line Bm, which diftance fet from Bto V jand draw the Line VT’
parallel to A B, fo fhall T A meafured upon the Scale of Chords be 19 deg.
25 min. for the height of the Pole or Stile above the Plain.

Demmﬁmﬁnn from Trigonometrical Calculation.

(1.) Asthe wholeSine( or Radius)A B godeg,
Is to B M (theSine of the Complement of the Plain’s Declination) 6c deg.
Sois AR (the Tangent Complement of the Reclination) 35 deg.
To A N (the Tangentof the Arch A*)31 deg. 14 min.
Which Arch being taken out of the Latitude 51 deg. 32 min, leaves
20 deg. 18 min. which isan Arch of the Meridian u:)vfz the Place in-
rercepted between the Plain, and the Pole of the world.
(2.) As the Sine B O (the diftance of the Meridian and Horizon,) 64 deg. 41
~ min.
Istothe Sine BS (the Arch laft found) 20 deg,. 18 min. :
Sois the Sine B W (the Complement of the Plain’s Declination) 6o deg.
To the Sine BV (whofe Arch A T is the height of the Poleor Stile above
the Plain.)

111, For the Subftile’s Diftance frum the Meridian,

- TakeB V theSineof theStile’s height 19 deg. 25 min. and fetting one foot
in D, with the other defcribethe Arch ¢¢, and from B, draw the right Line
Boonlyto touch thetopofthe Archee Then fetting one foot of your
Compaffes in S, with the other take the leaft diftance tothe Line B o, this )l’eaft
diftance fet from B to Y and through Y draw Y X parallel to A B, fo fhall
B Y be theSine, and A X the Arch or Chord of 6 deg. 2 min.and is the di-

ftance of the Subftile from the Meridian. '

-

Demonftration from Trigonometrical Calculation.

As the Sine of B V' (the height of the Pole above the Plain) 19 deg. 25 min.
~ Isto the Radiss BD (go deg.)
Sois the Sine of BS (the Arch of the Meridian between the Pole and the
Plain) 20 deg. 18 min. [ty
ToB Y (the Sincof AX) 6deg. 2min. :
Which is the Subftile’s diftance from the Meridian.

1V. For
Bb
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IV. For the Plain’s Difference of I.m‘gimde.'

TakeB S and fet it from B to Z, fois B Z the Sine of 20 deg. 18 min. (the
Arch of the Meridian between the Pole and the Plain.) -—- Alfo take B Y,
the Sine of 6 deg. 2 min. (the heiglt of the Pole above the Plain.) And fer-
ting one foot in Z,with the ocher defcribe the Arch 7 : Lay a Ruler to B,and
this Arch # »,and draw an obfcure Line thereby,till it cut the Quadrant in Z&:

Sofhall A /& be 17 deg. 38 min. for the Plain’s Difference of Longitude.

igure

vi

Demonftration from Trigonometrical Calculation: For,

As the Sine of Z B (the Arch of the Meridian between thePole and the
Plain) 20 deg, 18 min. .
Ts to the whole Sine (or Radiks) AB go deg. YA :
So isthe Sine Y B (the Subftile’s diffance from the Meridian) 6 deg. 2 min.
To the Sine of the Arch A &, 19 deg. 38 min.
Which is the Plain’s Difference of Longitude,

G APV

How by the Help of an Horizontal Dial inany Latitude, to draw
the %Iﬂur-Lines, find the Place of the Stile and Subftile for any
Upright Declining Plain inthe fame Latitude. |

Ur Example {hall be ofan Upright Pldin Declining from the South to-
wards the Wei# 30 u&lé§1 in the Latitade of 51 deg. 32 min.

Firft, draw aright Line R T, reprefenting the Bf
the Declining Plain,

Secondly, In this Line, affume any Point, as A, and from it draw another
right Line A S, making the AngleS A T, equal to 30 deg. the Plain’s Declina-
tiow : Which Angle muft be made towards the Reghs hand of A, ifthe Plain
dgﬁng'Wgﬂer (as here it doth) or towards the Left hand if the Plain de-
cline Eaftwar =
. Thirdly, Uponthis Point A,eretta Perpendicular tothe Line R T for the
Meridian Line ofthe Declining Plainy------ And (from the fame point A Jan-
other perpendicular to the Line A S, for'the Meridian of the Horizontal Dial,

Fourthly, Inany part of this laft Perpendicular,aflume any Pointat plea-
fure, (as X,)and make that the Center of an Horézemtal Dial, and upon it de-
fcribing a Circle, fet thereon the Hour-arches proper for an Horizontal Dial
for your Latitude (namely of 51 deg. 32min.)at the marks * * *, &=, |

Fifthly, From the Center X, which is the Center, and the feveral Points
H# % % &re. draw right Lines, éxtending themtill they concur or meét with
the Horizontal Line of the Declining Plain R T' firlt drawn, at the Points
9, m,nand:,ﬂ,ﬁ,.q, 5, C7C. ,

Sixthly, Upon the ‘Center X, make the Angle A XP, equal to the Lati-
tude, §1 deg. 32 min.and draw the Line X P, cutring the Line A S in P,

5:3:1}11!}-', Make A Zequal to A P, fo fhall Z be the Cenrer of the Decli-
H.I'i!g Af,

or Horizontal Lme of

Eighehly,
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Eighthly, Uponthe point B, (where the Line X P cutteth the Horizontal
Line of the Declining Plain, R T)ere&t a Perpendicular, cutring the Line
ASinC. - o

Ninthly, Make A R, equalto B C and draw the Line Z R, for the Sub-

Jtile of the Declining Dial,

~ Tenthly, From the point R,erecta Perpendicular to the Line Z R,makin
R Qequa to A B,and draw the Line Z Q for the Sti/e of the Declining Dial.

Laftly, If from the Center of the Declining Plain Z,you draw right Lines
to thefeveral points 9, 10, 11 and 1, 2, 3, &+ (Where thole Hour-lines of the
Horizontal Dial did concur with the Horizontal Line of the Declining Plain
R T,) thofe Lines fhall be the true Hour-lines belonging to your Declining
P%ain: And fois your Dial finithed; and the Stile and Subftile in their due
Places. -

If Any fhall think this Chapter deficient for want of Demonftration, let
them know, that the Demonftration belonging tothe Firft Chapter of
this Traftate, doth Demonftrate this alfo.

FE N x

CHAP. VI
A Third Geometrical Wayof Dialling : Shewing, The Manner

how to infcribe the Subftile, Stile, and Meridian-line in aff
Ylains,

SECT. 1. Definitions.

Y the Angle of Declination is underftood the Archof the Horizominter-
D c:};pted between the Plain and the Eai# or Wes? point toward whichit
eclineth.
By the Angle of Ereition is underftood the Arch of a Pertical Circle inter-
pted berween the Plain and the Horizon toward the depreffed Pole ;
which in our Northern Hemifphere is the Soath Pole. Whereforethe Plains
which lean toward the elevated Pole (which by othersare called North in-
clining, dnd Soweh reclining) have evermore their Angle of Ere&ion greater
then a quarter of aCircle.  And fuch Plains as are upright or perpendicu-
lar on the Plain of the Horizon, are {aid to be ereted go deg.

! SECT. .

_ In Horizontal Dials the Meridian-Line is dire&tly drawn Nerth and
South: and it is alfo the Subftile, and the Stile hangeth over it at an Angle
equal to the Elevation of the Pole.

SECT. IIL

Tn Noreh and South upright Plains the Six-a-Clock-Lineis drawn parallel
to'the Horizon, and the Meridian-Line istobe drawn perpendicular o it ;
and the Meridian-Line is alfo the Subftile: over which the Stile is to hang
a anAngle equal to the Complement of the Elevation of the Pole,

SECT.1V.
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In North and Sowth Plains which ftand not upright but bowing, theSix-

a-Clock-Lincalfo is parallel to the Horizon. And the Meridian-Line is per~

pendicular thercto; beingalfo theSubftile. But the Angle which the Stile
maketh wich it is thus found out.  Add the Angle of Erettion to the Height
of the Pole, and the Aggregate thereof fhall be the Angle of the Stile’s Alti-
tude to be accounted from the upper end of the Meridian in Sowrh Plains,
but from the lower EI;lé:l i[[l} NWﬁ:P air;ls.ﬂ o S

If the A ate be juft go deg. the Plain is parallel to the Fquinoftial,
If it be j.ui%%engdeg. the Plain is parallel o the Sixth Horary Ciiglqu',and con-
fequently to the Axis of the World : and hath therefore no Center.  If it
exceed 180 deg. fubduét 180, and the Arch remaining (hall be the Alritude
of the contrary Pole, )

For it is to be noted that in our Northern Hemifphere in all kind of North
Dials the Noreh Pole is elevated, and the Stile pointeth upwards from the
Center: andin all kind of Sewrh Dials the Soath Pole is elevated, and the
Stile pointeth downwards ; except in fuch cafes wherein it is required other-

wife.
SVE.CQ .Y

Eaj and Wei¥ Plains are parallel tothe Meridian or T welfth Horary Circle;
and confequently to the Axis of the World: and have thesefore neither
Center nor Meridian-Line. And in them the Subftile is2 Line drawn up
toward the Norzh from a Line parallel to the Horizon, atan Angle equal to
the Elevation of the Pole: andis therefore parallelto the Axis of the World.

| G H=-A . VIL
A general way for the In}gcri{aﬁm of tze Subftile, Stile and Meri-
fals ’

ian, in all Declining

ends thereof': crofs it with a perpendicular line,being theDiamerer,def-
aSemicircle that way toward which theDeclination iseither Eaf# or e,
'Then beginning at the upper end of the Diameter if the Plain ftand Sowsh-
ward, or elfe at the lower end, if it ftand Northward (but contrarily in the
Southern Hemifphere) reckon upon the Semicircle thefe three Arches, name-
ly the Elevation of the Pole, the Declination of the Plain, and the Ereftion
thereof. To theend of each of thefe Arclies draw a Line out of the Center
A, But the Line of the Declination muft be extended beyond the Center.
Takealfo on the firlt line the point B toward the Semicircle where you fhall
fee convenient : and thmu:%’ch the point B draw a Line parallel to the Diame-
ter, cutting the Line of ereftion in E, and the Line of the Pole’s Altitude in
C. Then onthe Line of Declination beyond the Center meafure A P equal
to B C, and t'hl'OlJ?]l the point P draw a long line parallel alfo to the Dia-
meter called theretore the fecond parallel.  Alfo from the point E draw a
long line for the Horizon parallel to A B, cutting the line of Declination in

D, the Diameter in G, and the fecond parallelin F. W
E gam

]QRraw along line parallel to the Horizon, and note the Eai# and WVei#
Crl

i, 4










































‘o6. INSTRUMENT AL DIALLING.

V. Haw the Dial (being made acmra}fng to the New Latitude
and New Declination) i to be transferred from the Paper-

Draught, upon the Plain. i

- Having drawn an Horizontal Line uponyour Dial Plain, in the moft con-
venient part thereof, and made choiceof a Point therein for the Center, of
your Dial, apply the Center of your Paper Draughtto this Center, moving
the Paper Draught about, till the Meridian Line of the Paper Draughe do -
make an Angle with the Horizontal Line drawnupon the Plain,equal to what
you found it to be by the Third Seéion of this Chapter, and to its proper Coast
2s you found it fhould, by the Fourth Seétion hereof, then (if you have not
erred inany of your former workings) will the Stile of your Paper Draughe ,
(or rathera pactern thereof cut outin Paft-board)being placed ijonthc Sub-
ftile of your Paper Draught, have dire(t refpect to the Elevated Pole, And
thus,due refpect being had to what is here delivered,you may eafily transfer
the Saftile and the reft of the Hour-lines to the Plain, putting thereon fo ma-
ny as the Plain is capab'e ro receiveatany time of the year: And leaving opt
~ fuch as may be fuperfluous. ; \

& From this way of making of Declining Reclining Dials by transferring
a them to aNew Latitade and a New Declination where they may be Up-
right Declining Plsins only, it will fometimes fo fall out, that this New
Declination may be very great, and then,the beft way todraw fuch Dials
‘will be by theDireftions given in the 13:hChapter of the Firlt Traftate.
~—— Alfo, fometimes the New Latitude will be very grear, and fome-
times very fmall, and then the Precepis for finding of the Place of the
Subflile, Stile and Hour-line of Six in the Second Chaprer of this Tradtate,
will, in fuch Cafes, be thought infuificient, or (at leaft) inconvenient; |
To remedy which the following Chapter is added.

-

C A paiy s o sl

How to find the Place of the Subftile, Stile, Hour-line of Six, &c. |
inall Upright Declining Plains, in fuch Latitudes where the |
Pole hath either very Small or very Great Elevation. |

Hereasthe Precept delivered in the Second Chapter hereof, will be |
only convenient in thefe Middle Laticudes; namely, between 30 i
anc{ 6o deg. Yetr by the referring Declining . Reclining Plains in |
One Latitude to Upright Decliners only, in another Latitude, that New Lati-
tade will fometimes fall out to be either very Great or very Small, and how to
“deal with upright Declining Plaizs in fuch Latitudes fhallbe here taught,

1. Where the Latitude is but Small.

.1

. ‘Suppofe that a Declining Reclining Plain, infome one Latitude, being re-
ferred toa New Latitude and New Declination, the New Latitude fhould be

* found tobe 20 deg. and the New Declination 30 deg. To find the Place of the
Subftile, Stile, &re. (the Latitude being but Small, viz. 20 deg.) proceed in
manner following,. 1. Draw
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1. Draw a right Line A B 12, for the Meridian and Hour-line of 12.in F‘:{fﬂ
.wh;ch Line make choice of a Point convenient for the Center of your Dial, V-
as A. o

2. Out of your Scale of Tangents take 4li‘ﬂfg. (for the Radins) and fet them
from A to C,drawing the Line A Cat right Angles to the Meridian Line A
12,——Allo, Take 20deg. (the Latitude) out of your Seale of Tangents,
and fet them from A to B,——=Then make CD equal to AB,and BD e-
qual to AC,conftituting the right angled Parallclogram ABC D, and draw-
ing the Diafgonalrline CB.

3. Out of your Seale of Siwes, take 30 deg. (the Plain’s Declination) and fet
them from B to E, and draw: the Line A E for the S«bftile of the Dial.
"~ 4. Through thePoint B, draw the Line E K parallel to C B, cutting the
LineC D in K, and through the Point K, draw the Line A K for the Hour-
line of Six, extending it through the Center of the Dial on the oppofite Side
of the Piain. g | : ¥ Y

5. Upon the Point E, erett a Perpendicular to the Line A E,and out of
your Scale of Sires, take 6o deg. (the Complement of the Plain’s Declination)
and fet-them from A to'12, and from Eto F, drawing the Line A F for the
Stile of the Dial. , '

6. Take 70 deg. (the Complement of the Latitude) out of your Seale of
Simes, and fer them from A to'H, and draw the Hm, parallelto A B, cut-
ting the Hour-line of Sixin 6 ; And make A 6,above the Center of che Dial,

ual to A 6 below the Center ; and draw the Lines z2.6and 12. 6.
- “4. Lattly, if you take thefe two Lines 12.6and 12.6 jn your Compaffes,
and put them into your Semicircle (or Hour-Scale, Figuke 1I1) you may di-
vide them therefrom as before in Chapter 2, ar the PoinYg 5,6,7,8,9, 10
and rr. And alfo at 1,2,3,4 and 5. Through which Poirg Lines being
drawn they fhall be the true Hour-lines.

11. Where the Latitude is Great. i

If a Declining Reclining Plain being referred to a New Latitude,
New Latitude ﬁmuld be found to be 70 deg. in fuch Great Elevations of t
Pole, work as followeth. -

1. Draw a right Line for the Meridian, and Hour-line of 12,as ART, al- Kigure
fuming the Point A for the Center of the Declining Dial.

2. Out of your Scale of Tangents take 45 deg.(or the Radiss) and fet them
from A to B. : - \\

- 3. Take 20 deg. the Complement of the Latitude, out of the Scale of |
Tangents, and fet them from A to C, and from B to D, and draw the Line
CD, conitituting the Right-angled Parallelogram ABCD.

4. Out of your Scale ot Sines, take 30 deg. (the Plain’s Declination,) and
fet them from B to R, and from C to G; and draw the right Line GR,
cutting the Line BD in E—— Then draw the Line A E for the Subffilar
Line of your Dial, and A G for the Fowr-line of Six ; which continue thro®
the Center of the Dial A. .

. 5. Take 60 deg. (the Complement of the Plain’s Declination) out of the
Scale of Sines,and fet them from G to P (upon the Line C D continued) and
from Rto T, and from A to 12. : |

6. Draw a sight Line, through the Points T and P, extending it till it cut
the Line B D (that being alfo extended) in the Point O. | ]

7. Upon the Point E, ereft a Perpendicular to the Line A E, making EF
equal to E O, and draw A F for the Stile of your Dial. gl










t1to INSTRUMENTAL DIALLING.

ceed to the defcription of the Dialin this manner. 6 6 |82 a
Firare  Firft,Draw aright Line O 12 for theMeridian and ‘5 ls7 o
viir, Hour-line of 12 ; and upon O with the Radiss of your % 4 |42 o

Scaleof Chordsdefcribea Quadrant ofa Circle and | 9 3 27 8

uFm it from 12to P,fet 13 deg.42 min.the Diftance {10 2 |12 o

of the Subftile fromthe Meridian,and draw the Line | Subfile |

O P for the Stile, g

Secondly, Take 43 deg. 1 min.and fet them fromP Ji2 12 1§
toS, and draw O S for the Stile. I 113

This done, take with your Compafles the leaft Diftance
Ly 75 to 11 75 ¢
39 tothe Axis AE, 50,183

From : 45 to 9 >upon the Line< 45 ¢
grg and [et it from 30re 8 430 b
73 2 3l 15 4

Make A 6 equal to the Line D E, or fet the Sine of the Latitude (40 deg.)
from A to 6—Now if with an even hand a Line be drawn thro’ the feveral
Points C, 11,10,9,8,7,6, it fhall be one quarter of an Efipfis : And right Lines
drawn thro’ thofe Points from the Center A,fhall be the true Hour-lines of an
Horizontal Dial for the Latitude of 40 deg. or ofa South or North Dial in the
Latitude of 50 deg. or of any Re-clining]', or Inclining Plain in any Latitude
where,the Height of the Stile above the Plain is found to be equal to 40 deg.

11. For Upright Declining Plains.

If anUprightPlain in the Latitude of 40 deg.fhould decline from the South
Faftward 14 deg. by feveral ways before :au? it (inthe 1% 2d, 34, TraQate)
the Height of the Pole or Stile above fuch a Plain would be found ro be 48 deg,
1 min.—The Diftance of the Subftile from the Meridian 13 deg, 42 min.«—-
An'_tli_]:he lelain’sd }j}}_if[’erencefnf Longi:ludge 13 dig.

e Plain’s difference of Longitude being known =7
make a Table of the Eﬂuino&ial diftances as is before e ﬁ:}ﬁﬂ:ﬂ
taught in the 12th and 13th Chapters of the Firft . =
Tractate, as is here donz in this Table. You may pro- deg.  min,

o

o

o
Thirdly, out of the former Table, take the Refpe- | 2 104 o
€tive Sines of 82,57,42,27 and 12,and fet them from | 3 6 o
O to the feveral Points 82,57,42,27 and 12upon the | 4 3 o
Subftile, and through them on the left hand Side of N
OP, draw Lines Perpendicular to the Subftile: as the Lines 824, 578, 42¢,
27 dand 12 e——Allo, fet the Sine of 3, 18, 33, 48,63 and 78 upon the Sub-
ftile O P, :!md thro’ them draw Lines perpendicular to OF towards the
Right-hand. £y

ourthly, Take in your Compaffes the leaft diftance

82 1210 6 :i'&_ ?
S7( 10 the Subfiile SO, )27 *° ?g ' D 5.
From < 42 . 1 42 to 8 >upon the Sine £ 42 ¢
$2C nd fer i from YA gg 57 .
12 21010 14

So fhall the feveral Points 6,7, 8, 9, 10 and P conltitute almoft one quarter of an
Ellipfis, and Lines drawn from O thro’ every of them fhall be the true Hour-lines for
the Plain on the Weft Side of the Subftile: For thofe on the Ealt Side they muft be
found by taking the leaft Diftances from the Points 78, 63, 45, 33, 18 and 3 to the
Subflile, and fetting them upon their contrary parallel Lines 5 {o fhall Lines drawn
from O thro’ each ni‘ them be the Afternoon-Lines on the Eaft Side of the Flain, '

. The End of the Third TR ACT AT E.
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Figure
L

-

Horizon, or making the ﬂng]c M EG equal ro the Latitude of the
Place 51 deg. 32 mun. the Line ME N fo drawn {hall be the proper
Horizontal Line for this Plain,

The Equinoctial Circle E Sand the Horizontal Line M E N, being drawn
upon your Plain ; proceed as followeth. .

Upon a piece of fine Paft-board, or other convenient matter, draw a Line
as O R, and upon O, as a Center, defcribe the Archof'a Circle RS, and be-
caufe the Declination of the Tropick of Cancer or Capricors is 23 deg. 31 min.
diftant from the Equinoétial,on either Side thereof, therefore on the Arch R §
fet 23 deg. 31 min. from R t0 S, and draw the Line OS, then f{hall the Line
O R reprefent the Equinotial, and theother Line OS either of the Tropicks,
and this Triangular Figure OR S, we {hall hereafter call the Trieon.

Having fitted your Trigor, you mult have recourfe to your Dial, and from
thence with your Compalles you muft firft take ourthe diftance EG (equal
tothe height of the Srile of the fame Dial) and prick it down in the Fregon
from O to P, and draw the Line P 6 pcrEendicu arto © R. : "

Secondly, Going to your Plain again,take the diftance from G (the Top of
the Stile) to 7 the Equinoétial of your Plain; and place that diftance inthe
Trigon from O to ¢, and draw the Line 9 7, perpendicular to OR. Thirdly,
take out of your Plain the diftance G 8, and prick it down in your T7ézon from
O to », and draw the Line r 8, perpendicular to O R,  Fourthly, take out of
your Plain the diftance G g,and prickit down in your Trizes from O to s, and
draw s g perpendicular o OR.  Fifthly, takeout of your Plain the diftance
G 10 ; and prick it down in your Triges {rom O to #, and draw 7 10
dicular toO R. Laltly, take thediftance G 11, and prick it down in your
Trigon from O tdw, and draw w 11 perpendicular to O R, as is done in
Figure III. 3

hefe diftances being, all of them, taken out of your Plsiis, 2nd placed on
i_mur Trigon, it reftethnow to fhe'w you how they muil be again rransferred
rom the Trigon to the Plain. Therefore, to find upon the Hour-lines of your
Dial, the Points through which the Tropick of Cancer muit pafs,you have no
more to do but thus, Firft, outof your Trigon, take the diftance P 6, and fe
that fame diftance upon your Plain from E to¢, upon the Hour-line of Six,
Secondly, take out of your Trigox the diftance ¢ 7, and place that diftance up-
on the Plain from V to &, and trom V1I to d:upon the Hour-lines of 5 and 7.
Thirdly,take out of your Trigon the diftance r 8, and fet thac diftance on your
Plain from IV to 4,and from VIIto e uponthe Hour-lines of 4 and 8. Fourthly,
take out of your Trigon the diftance s 9, and{ericon your Plain from IX to f'
Fifthly, take from your Trizon the diftance ¢ 10,and fet it on your Plain from
X'tog. Laftly, takeout of your Trigen the diftance v 11, and fet it on
your Plain from XItoh. :

Thefe Points 2 b cd e fg b, being found upon the feveral and rcf;;i.'&ivt
Hour-lines, fhall be the Points through which the Tropick of Cancer,fhall pafs,
therefore draw the Line # b¢ d e f g b, with an even hand that it make no An-

les and that fhall be the Tropick of Cancer ; fo that when the Sunis in Cancer,

which isabout the 11 of zmej the Apex or Top of the Shadow of the Stile -
of your Dial will run direétly along that Line 2 & ¢ d e f g 4, and when the
Swun 15 inthe Equinoétial, thatis, inthe beginning of Awes or Libre, (which
ison the 1o of March, or the 12 of Seprember) the Top of the Shadow of the
Stile willrun along the Equinoéfial Lins T, S,

The
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Note 2. That if any of the three Points youare to make ufe of do fo far
exceed the limits of your Plain, that it will be either impoffible (or at
leaft very troublefome) to extend the Hour-lines fo far, chen in that cafe
any two of the three Points will fufficiently ferve the turn.

Note 3. That as the hours from Sunr-ifing were put into the Plain, bythe
fame Rule may the hoursfrom Sun-fetting (or Jralan hours) be inferted,
the difference being only in the numbring of them ; the hours from the
Sun’s rifing being numbred from the Welt fidetothe Horizontal Lineby
1,2,3; 45,0, 7,9, 9, 10,and 11, and the hours from the Sun’s fetting are
denominated f;ﬂm the Eaft fide of the Horizon, and numbred back-
wardsby 23, 22, 21, 20, 19,18, 17, 16, 15, 14, and 13, as in Figure X,
doth evidentl a;_ppear.

Note 4. That thefe Italian and Babylonifb hours infcribed on all Plains
by help of this lictle Table, and the Rules and Cautions delivered in
this Chapter, and therefore more Examples were fuperfluons: Onl
for your further fatisfattion have recourfe to Figure IV, and Fig IE
where thefe Hour-lines are infcribed upon Dire€t Polar and Dirett Egui-
noétial Plains. : ' R

A Corollary arifing from the Work of this Chapter.

The Parallels or Hour-lines from the Sun’s Rifing or Setting being in-
feribed upon mﬁl&in, there will, by their Correfpondent Ing ions ong
with another, be Points produced, through which, if Lines be drawn
with an even hand, the fame fhall be Parallels of the Length of the day: So
the Pricked Line § ¢ 19, in Figure X, is the Parallel of the Sun’s Courfe when
theday is 16 hours Long; and the Pricked Line © 2 © in the fame Figure X, is
the Parallel when the day is 8 hours Long.  So the Pricked Curved Lines in
the Equinoétial Dial, Figure IV, are the Parallels of the Sun’s Courfe when
the day is 8.9. 10,11, 12, 13.14. 15 and 16 hours Long.  Alfo, the Circular
Line noted with 1. 15. 15, in the Polar Dial, Figurc I. is the Parallel of
the Sun’s Courfe when the day is 15 hours Long : and thus may Points be
found whereby to draw the Diwrnal Arches upon all Plains whatioever.

CHAP V.

Shewing bow the Jewith or Old Unequal Hours may be drawn wpon |
any Plain. .

T was the Cuftom of the Ancients to divide their Day and alfo their
Night ( whether long or fhort ) into 12 equal parts, beginning their

gy at the Swn's l:]:"{iﬁg, and their Nighs at the Sun’s ferting : So that 12

. of the Clock.at Noon was always the Sixth hour of their dair, and 12
at night was always the Sixth hour of their Night, and ing to this
Divifion were their Dials drawn ; fo that all the Summer the of
their day were longer than the hours of their night ; and all the Wijnter,
the hours of their night were longer than thofe of their day, and when
the Sun s in the Equinottial, then the hours of their day and night were
equal, and the fame with thofe of our Account, but at all other times
the Yeardifferent. ’ m—‘
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1. Upon Dirett Polar or Equinoftial Plains. .

To find thefe two Points upon a Nerth Plain Reclining from the Zemirh
§1 deg. 32 min. equal to the Latitude of the Place, the Complement thereof
is 38 deg. 28 min.and {uch a Plain is the forementioned Polar Dial, Figurel,

n the Trigon belonging to this Polar Dial, the Line K D is made equal to
the height of the Perpendicular Stile in the Dial AX, Wherefore, Let
K D be made Radius, then M C (being Perpendicular to it) is a Tangent
Line thereto. Wherefore, upon K, as a Center, defcribe an Archof a
Circle LDV, upon which fet 51 deg. 32 min. the Reclination of the Plain
fromDtoL, and fet 38 deg. 28 min. the Complement of the Plain’s Recli-
nation from D to V,and through the Points L and V, draw the Lines KL M,
and KV T.

So, KD being equal to the length of the Perpendicular Stile, D M
fhall be the Tangent, and K M the Secant of the Plain’s Reclination : And
DT fhall be the Tangent , and KT the Secant of the Complement of the -
Plain’s Reclination, :

Thefe Lines being drawn upon your Trigon, take D M the Tangent of the
Plain’s Reclination, and fet it upon the Meridian Line of your Dial-plain
from A the foot of the Perpendicular Stile, to S, fofhall S be the Point through
which the proper Horizontal Line of the Plain P S Q muft be drawn, ——
Alfo, out of your Trigon take D T, the Tangent Complement of the Plain’s
Reclination, and fet that diftance vpon the Meridian Line of your Dial-Plain,
from A the foot of the Perpendicular Stile, to @, fofhall © be the Zenirh of
the Place, and the Center where all the Azimuths muft meer.

Again, Take K M, (the Secant of the Plain’s Reclination) out of your Tri-
gon, and making that Radins, fet one foot of your Compalfes in A, the Cen-
ter of the Dial, and deftribe the Semicircle # S », which divide into 16 equal
parts, for one half of the Mariner’s Compafs if you will put in the dzimuths
according to that Account (as here theyare) Or into go deg, each Quadrant
(if you will) according to the Aftronomical Account, Tel%m lay a Ruler
upon A, and the feveral Divifions of the Semicircle #8 », and it will cutthe
Horizontal Line P S Q (which is alfoa Tangent Line to the Semicircle m S »)
in the Points % % * .

Laftly, Lay a Ruler to ®, which isthe Zewith of the Place, and toevery
of thefe Points % % %, So fhall Lines drawn by theSide of the Ruler (as the
Pricked Lines in Figure 1. are) be the dzimatk Lines defired. Which muft
be numbred from the Meridian towards their proper Coaft, as in Figure L.
Upon all other Plains the Rale following is General. T

1. Upon North and South Reclining Plains.

The Perpendicular Stile being made the Radins, the Meridian Line is 2
Tangent Line thereunto ; and the Vertieal or Zgnith Point, in which
allthe Azimaths muft meet, muft always be the Tangent of the Com-
plement of the Plain’s Reclination, and muft be fet upon the Meridian
Line, from the foot of the Perpendicular Ssile dowswards in Reclinersy
but #pwards (or above the foot of the Perpendicular Stile) inthe oppo-
fite Incliners Alfo, The Horizontal Point in thefe Reclining Plains,
muft be the Tangent of the Plain's Reclination , fet from the foot of the

Perpen-
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fpettive Hoar-lines, through which the Parallel of the Sus's Courfe, at his ep-
trance into either of thefe Signs, Scorpio or Pfe; {hall pafs. Repair to
the former T'able, where you fhall find, that the S« being in the beginning
of eitherof thofe Signs, Scorpio or Pifees, : ;

d. . d... m
TR 27 oI (62 5g.
11 25 40 64 20

10 [ Of the Clock  21. 51| Whofe Comple-168 ¢ |
g to be 1 g s8( memtds 74 ' 2

331 - |81 29
7 LG 89 54

Then having a Seéfor, take in your Compafles the length of the Perpendi-
cular Stile of gour Dial, and to that diftance open the Sedtor in 45 deg. of the
Tangents, and the Sedfor fo relting, take 62 deg. 59 min. therefrom (which is
the Tangent Complenzent of 27 deg. 1 min. the Suw’s Altirude ar 12 2 Clock)
and fet that diftance from the foot of the Perpendicalar Stile upon the Line of
12, and that fhall be the Posst there, throuzh which the Parallel of Scorpio
and Pifees fhall pafs. Alfo take trom the Seifor the Tangent of 64 deg,
20 min. (the Complementof 25 deg. 40 min. the Alritude aty or 11 a Clock
and fet that ditance from the foot of ihe Perpendicalar S:ile upon the Fogr-
limes of 11 and 1 a Clock, and thole [hall be the Posnes through which your
Parallel is to pafs. _

: 1

His Altitude at - ; 0r
4
L5

7z,

d.
; 68 ¢ 2 10
T And fet them from the foot
Ticke tnestfe ;ﬁsTangantq§4 2 of E{f;# Perpcnfdi-:ular S{ile 3 and g
ok 23; ?1 upon the Hour-lines of ‘; 2

So they fhall give Poinss upon cach refpe&ive Hour-lize, t_hrnu%h which
the Parallel of Scorpio and Pifces muft pafs : And a Line traced with an eves
hand through thofe Points (hall be the Parallel of the Suw’s Courfe at fuch time
as he enters Scorpio or Pifces.: and the dpex or Top of the Perpendicaiar Stile
fhali, atthat time of the year, by his Shadow exaétly traverle this Lize or
Seition. And inthe fame manner, as the Poinss for this Paralel were found,
and its Line drawn, {o muit all the reft be drawn alfo. - :

Now generally, in Fertical Dials Declining, asalfo in fuch as Reclineralfo,
that is to fay, uponall Plains whatfoever, (as is intimated in the Sixth dffe-
étion aforegoing) dfaw an Horizontal Dial proper for the Plaiz, and infcribe
the Signs or the Parallels of the Length of the day uponit, according asis be-
fore direCted, by fetting off the Tangent Complements of the Saw's Altitude
from the foot of the Perpendicular, Stile, upon the Howr-lines (the Perpendicu-
lar Stile being always made Radins) and atthe ends of thefe Tangenss fofet
off upon every refpetive Howr-line, will be a Point, by which Posats, Lines
drdwn with an even hand (hall be the Parallels deficed. This Horizontal Dial
being drawn in obfcure or ocenlt Lines, when the Work is done may be ex-
punged, and the crue Howr-lizes belonging to the Plain, asalfo the Parallels of

- the Sun’s Conrfe before found, may only remain, for they will be the fame, as

if they had been draws from the proper Hour-lines belonging to the Plain,

Note, In the following Tra&tate there are Tables Calculated for the ready
defcribing of obfcure Horizontal Dials upon all Plains, and alfo Tables of

the
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the Sun’s Altitade at all hours (in diverfe Latitudes.) And an Example
of an Horizontal Dial with the Tropicks of Cancer and Capricorn you
have in the Ninth Traétate, Page 220 —— Alfo you havean Example
of an Ere Dire& Eaft Dial, with the Parallels of all the 12 Signs upon
it,in Chap. 2. Pag. 115 and 118. Figure IL of the Fourth Traitate; And
two other Examples of Plains with the Parallels of the length of the
day upon them ; One isa Polar Dial, Figare I the otherisa South Dial,
Figure IX. of the FourthTratiate.

-

-

, G HAR, TIE
Of inferibing the Vertical Circles, ( commonly called Azimuths )
~upon all forts of Plains,

Zimuths are great Circles of the Sphere, whofe Poles lie in the Horizon,
A and do interfeét each other in the Zenith and Nadir Points of the
Heavens —— The ,whole Horizon is divided by Mariners into 32 equal
Parts or Points, which they call Winds or Points of the Compafs and deno-
minate them by Noreh, N by W, N N W, ¢re. every Point containing 11
degrees and a quarter This is their way of accounting, but the decount
ufed by Affronomers and Ga?mp&w is more natural, and that is by 1o, 20,
30, 40 di,:’ig/rees, &e. to go deg. from the Meridian, both ways, towards the
Eaif and Weit, 4

How to inferibe thefe into Dial-Plains.

SECT. I In Horizontal Dials.

" "Hefe Plains lying parallel to the Horizon, and thefe Azimuths being
Great Circles,they (by the 1. Affection ) being Projected upon fuch Plains
become Streight Lines, and (by the 2. Affeition) Eecauﬁ: thefe Plains ¢ Per-

pendicular tothefe Circles, in the Heavens, thefe Lines proje€ed, fhall all meet

in a Center at equal Angles (which Center is the foot of the perpendicalar
Stile,) — Wherefore, making the foot of the perpendicular Stile the Center,
defcribe thereon a Cirele upon the Dial-Plain, and thereon fet off (both ways)
from the Meridian {uch Arches,cither 11 degrees and a quarter for Points of the
Compafs, or 10, 20, 30, 40, &¢. degrees for the Affronomical Account upon the
Horizon ; Through thefe Divifions, right Lines being drawn from the foot of

the perpendicnlar Stile Thall reprefent thefe Azimuths upon the Plain. :

An Example of an Horizontal Dial with the Azimuths upon itaccordin
to the Mariner’s Account by Points of the Compafs, you have in the Nint
Tra&ate following, Page 220. ;

SECT. IL In Upright South or North Dials.

Hefe Plains lying Paralie! to the Vertical Cireles inthe Heavens, are (by

the 2. Affection) right Lines, parallel one to the other. And to infcribe

them intothefe Plains, you mult — Through the Foot of the perpendicular
Stile, draw a Linc Parallel to the Forizon, and making the perpendrcular Stile
a Radius (ov Tangent of 45 deg.) Uponthis Line from the Meridian (on both
fides) fet off the Tangeats of 11 deg. and a quarter, 22 deg, and a half, c?-r
or
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SUPPLEMENT

#

To the Two Foregoing ¥ _

TRACTATES

Concerning the Form of the PAR&LLELS-

_ OF
DECLINATIONand ALTITUDE

And other LINES of the FURNITURE

O F
SUN-DIALS.
Which when they are neither Right Lines nor

Arcbes of Circles, but Conick Selfions, to know at any Time,
and upon any Plain, what Section the Shadow of the Apez

or Point of the Gnomon traceth out upon the Plain, whether
it be Parabolical, Hyperbolical, or Elliptical.

AVING in the two foregoing Traftates taught feverdl ways
how to infcribe the Parallels of the Sun’s Courfe, the Azimuths,
Almisanthars, Babylonifb, Italian and Sewifb hours upon all Dial-
Plains, as being things of moft frequent ufe, yet in the following

IXth. Tra&tate, is fhewed how Dial-plains may be furnifhed with other
Varicties,as of the Signs Afcending, Defcending, and Culminating, the Horizons
of other remoter Countries, and feveral other Gramonical Conslufions,
Havini; I fay, there fhewed the manner how to infcribe the foremen-
tioned Spherical Lines of the Sun’s Courfe upon Dial-plains : It remains riow
that I fhould fay fomewhat concerning the Form of thefe Paraflels when
they are defcribed upon Dial-plains, which, when they are not Circles
or Strait Lines (asunder the Poles ) they are*all, and always, Conick’
Sections , as is demonftrated by Mydorgins, in the 34. Prop. of his Book.
But to pafs by his Demonfirations (as not at all proper for this place, this'
being a Book of Practice and not fo much of Demonffration) it {hall be licre.
fhewed, how, at any time, or place, it may be known what Sedfios the'
. - R ¢ Shadow
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A TABLE fhewing the length of the Artificial Day
¥ & - L]
or Night, the Sun being in any Degree of the E-
cliptick for 12 feveral Degrees of Latitude, 2:2.
g ; :
- from 44 to 57 Degrees. :
I . .
f Degrees of Latitude ; Or, Elevation of the Pole.
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of the FURNITURE

AT ABLE fbewing what Azimuth, fram the Sout ,_..;be-Sgg /g
o . PRl St bl e - Py LT Y BT
have at every Hour, Half and Quarter o the Day, ‘at bis En-
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4o ACAN 0 N of Natural Sines, Tangents and Secants.
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- which fhall fhew the hour with the Toponly.

Figure
11,

piv 9% E:..i.

Of CONCAVE DIALLING.

S 7 N. take out of the Quadrant the Latitude §x deg. 30 min.and fet thofe
degrees upon the Meridian from S, towardsZ to P. which P thall be the Pole
of the World ; then placing your Compafles upon P. (they being opened toa
Quadrant) draw the Equator E A W. which divide into 12 equal parts;
yaur Corfipailes being opened as beforeto a Quadrant, and one foot being
placed in t?mﬁ: marks made in the Equator, with the other foot defcribe Cir- |
cles, which fhall be the Hour-lines required ; the Stile muft be ereéted in P,
with an Angle equal to the Latitude; equaltothe length of 6o deg. of the
Quadrant, the top muft hang over the Centre Z. and be parallel with the
Limb, or erett a Style in the Point Z of the fame length with the former

708 : V.Vl AN | ARTTG
~ T make an Eref¥, Direlt South or North Concave Dial.

HIS Dial is made altogether like the former, only inftead of fec- -
I ting of the Latitude from S to P. you muft only fet off the Com-
ement- of the Latitude, and the Hour-lines only from 6 to 6, are de~
E:ribtd therein, the reft of the Hour-lines are referved for a Vertical Dial
beholding the North. : _

_ CH APUHL higls |
T 0 make a Meridianal Evelt, Diret, Eastor West Concave Dial.

ET the Hemifphere be ZS N G. the Limb being divided into four
Quadrants, one of thofe into go deg. From N.upwards, and from S.
downwards, fer the Latitude to P. then open your Compaflesto a Quadrant
one foot in P. with the other draw the Circle Q E A. which Semicircle di-
vide into twelve egual parts, your Compafs being opened to a Quadrant, one

" foot placed in-each of thefe marks,with the other draw Circleswhich {hallbe

the Hour-lines required ; asin the Figure. The Style may be a wire laid from
PtoP. or awire erefted in the Center E equaltothe idiameter of the
Quadrant ; for better Inftruttion fee Figure I, which isan Eaft Lial.
In the fame manner isan Equinottial Dial made, only all the hours from' |
fix inthe Mur%tﬂ] fix at Night, muft be drawn, asthe reft above thofe
proper r{qr the or Welt Dials are, and as the pricked hours g 8 7and 6 |
in the Figureare. ; ;
Alfo the Hour-line of fix, wiz. the Line P. VL.P, mult beP 12 P, and the
reft numbred as in the Figureis expreflfed and numbred wich Arithmetical

~ Figures,

| Fﬁ\;re

-

&

2 -

r,L-j/‘-' 2 o f’{““'-‘ QL(J

CHAZR IV, . |

To make a Vertical, or EreF South or North Declining Concave Dial, -
| ﬁJrCUncav:b:ingplgmd and quartered and marked with the Let-

tersZNEW, mpafles I:Ling ngened 10 a Quadrant, and one -

foot in Z or N, draw the Horizontal Circle E ..mke:hemc.liimuonqﬁg
i pric.











































74 PROYECTIVE DIALLING.

SE CT. IV. The Delineation of the Hour Circles.

Irft, you muft prick down the North Pole (which in our fuppofition is

elevated 51 deg. 3omin.) inthis manner. Take the Complement of
the Latirude, v¢z. 38 deg, 30 min. and half it, which will be r¢ deg. 15 min.
feek then the Tangent ot 19 deg. 1§ min. you fhall find it tobe 34921, take
this upon your Decimal Scale, and lpnck ituponthe North part of the Me-
ridian from Z, towards N, you will find ic to fall in P, that Point P therefore
is the North Pole in this Projetion,through which all the Hour-circles now
to be drawn muft pa ]

The firft hour Circle to bedefcribed is the hour of fix, upon which all the
reft have their dependance ; now to effeét this, you are to look for the Secant
of your Latitude (which is as before 51 deg. 30 min.) which will be found
to {:e 160638, this Number taken out of the Decimal Scale muft be exten-
ded upon the South end ofthe Meridian from P,and i3;{111 fhall find it will reach
unto B ; upon Bthercfore as your Center with the diftance B P, defcribe the
Hour-circle of 6, which, if all be ré%ht, will pafs thmu%g the Pointsef E
and W exallly, where the Equinottial alfo cutteth, if it be juftly deferibed ;
now threughthe Point B, with the Center of this hour of 6, draw the infi-
nite Line CB D, both ways perpendicular to the Meridian Z5B, for upon
this Line [hall (tand all the Centers of the other Hour-circles , which to de-
{ign youare to work thus: . :

Make a fecond Decimal Scale, equal in lengthto BP, the Semidiameter of
the hourof 6, thén by help of ‘:.%e Canon of Tangents, take out of this
Scale, firlt, the Tangent of 15 deg. or 1 hour, which will be 26794, and

rick it down upon the infinite Line C D, both ways from Bto F, az? from
to G ; Againfeck the Tangent of 30 deg, whichis 57735, and takeit in"
the fame Scale, and prick it down upon the Line C D, both ways to H
and I'; Thirdly, feek the Tangent of 45 deg. 10qooo, which fet as before,
will juft reach toC and D. Then fourthly, the Tangent of 60 deg. 173205
will fo reach to K and L: Laftly, fet the Tangent of 75 deg. wﬁlch is
lﬁr;zug, from B to R, and from B toT. This done, if now you fet one
oot of your C'umpaﬂ’f.s in F as Center, and open the other tothe Point P in |
the Inftrument, you fhall defcribe the Hour-circle of 7, on the Eaft fide of |
*  the Meridian, and carrying one foor with the fame extent unto Gswill reach |
* 7k Line unto P again, which {wept on the other fide, will defcribe the hour of 5. |
_Eﬁﬂ ’;,f“ﬂﬁ"' So alfo in the fame manner may you defcribe from H and I, as two Centers
aitely exsended Of the hour, of 8 and 4, paffing through the fame Point P; And upon the
{:ﬂ“;;'ﬂ{ Centers Cand D as before, 'you may defcribe the hours of g and 3 ; * And
fore (for wons from K and L, the hour of 1oand 2. Laftly, from R and T , the hours
of rom ir thi of 11 and 1, all which are exatly to pafs through P the Pole; And fo the.
place) v L0 like is to be done for the half hours, . oy
LT «oud #e  Thus have we done with thofe Lines which do properl to the
bein i Fi- Projeftion: but becaufe the Inftrument, if it pals thus, will not all
Eivding ss theyr the ufes for which it is intended, I have therefore added other Lines to e,
wue Tongee Which may well ftand without defacing any of the Work, the defcription
diftances fore- \whereof is in brief, as followeth, o

quire.

SECT.
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PROYECT IVE -5-D~IJE£;ZNG.'

monglt the degrees of the Semicircle thew you what A icanther, or Alti-
tude the Sun wasin at that time, of the fir(t obfervation ; the like muft be
done for thefecond ; and if you have need hereafter of more Azimuths, “you
may make more Obfervations,| FYRTEET

» The next worl will be toinfert points into the Azimuthal Lmisr,thmugla
wﬂi{:h to draw hours: And for this purpofe you muft have recous fe to your
Horizonral Projection, and lay the Ruler thereof to the Situation anfwering .
toyour two Azimuthal Lines, as is fhewed in the remembrance Chap: 3.
Propofison 2. and the Ruler fo laid:isan. Azimuth, the fame with your firft
Azimuthal Line drawn upon the Plain; wherefore if the Altitudes and

Profundities of every hour upon that Azimuth, or Ruler fo laid be noted, as |

is fhewed inthe Third Pm[{mﬁti-:}n, Chap. 3. and accordingly by the Semi-
circle be inferted into the firft Azimuthal Line,below and above that Horizon-
tal Line, you fhall have the points of 12 hours, which may be for the prefent

blindly figured, that you may only know them again. “The manrer how toin- |

fert them is by keeping the édge of the Ruler of your Semicircle tothe A

and the foot of it to the Azimuthal Line, where ever it be, either plain or
board,cr<.ftill moving it therein higher or lower, til] upbn thieSemicircle, and
Plummet hanging rightdown,theThread fhetweth the Altitude requird. The
Altitudes are to be fer below the Horizontal Line,and the Profundities above,
1In the fame manner you muft count the fecond Altitude upon the Ruler, and

|

apply it to the proper Parallel of the day when your fecond obfervation was
made,and foagain place your Azimurhal R uler upon the Planifphere in its due
Situation anfwering to thefecond Azimurhal Line upon your Plane;and upon
it fo laid, having feen what Altitudes and Profundities each of the 2 hours
have,you muft exprefs the fame Alticudeand Profundit ¥ ugdn your fecond A<
zimuthal Line,in like manner asyou did before uponthe: rit,and if youhave
any more, youmay do the like upon them, though two will ferve turn,
6. Such Points then as fall upon the Plain will give you wheére to draw the

hours, iflike be joined with like ; asif you draw 4 right Line fiom che point
of 4 in the firlt Azimuthal Line to the like point of 4 in the fecond, that fame
fhall be the Line of 4, and fo of all thereft, boch whofe Points fall upon the

* 7bis Projelti- Plain it felf. * Buc for the reft you muft by a Thread projet them with your

Elaus,

o j’;‘{;’f Fzre in this manner : Faften a Thread ro the Apex of your Gnomon, “and
sicsy aswellas

retch it with one hand from thenceto any point on the Azimuth neareft to
you; (Or, contrariwife, if it fha'l be convenient faften it at the hour-poine
upon the Azimuth, and ftrecclrit to the Apex of the Giorsion, and ond if

- need be) then hu!d‘ing'thc Thread ftill rurn your eye till it repofe the Theead

alwaysintot

upon the anfwerable Hour-point upon the other Azimuth;fo fhall the Thread
ve to your eye the trat of the hour to be drawn upon the Plain. . And in
ﬁiis manner Euu may draw all the hoursexcept 1 2,for that hour-point falleth

concur, Whichare dire€tly under and above the Apex of the Gnomon,fo tha

e very Zenithand Nadir point,where the two Azimuthal Lines |

. 10 ‘that |
. You have not twodiftinét pointstodraw it through, asyou have for the ret |

of the hours, for that therefore we muft have fome peculiar way which may
firft be this, % ' 91N

1. Having cleared your Plain of all neceffary fu r-Huity of Boards, Lines,
and Figures, ¢re. Oblerve where 6 a Clock cuits the Horizontal Line, for if

upon a paft-board applied to the Horizontal Line you draw a Line fromthar
Settion, to the Apex of the Gnomon, and from the fame Apex draw another

upon the palt-board perpendicular to the former, extending it till it cut the
Horizontal Line, the point where it curs is the p{;int through which 1z muft

pafs,

|
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12 PROYECTIVE DIALLING. 1
of putting themin, is the very fame that was ufed before for inferting the
Signs of the Ecliprick Ajcand:f, Defcending, Culminating, fo that more
Words about it will be needlefs,

% Thefeare the prinumhin gs wherewith Sun-Dials are ufually furnifhed,
If thefe be well underftood, it will not be hard ro infert the Cofmical, Acro-
mical, or Heliacal rifing and fetting of Stars, or any fuch like requifites. All
the feveral ufes of each kind of Lines is fhewed by the fhadow of the Point
of the Gnomon, as it creepeth along through them.

C AR oA

Other Precepts concerning the Inferting or Prajec(ffn‘;ﬂ; of the Furniture
sk - into Sun-Dials. |

I. Of the Equator, and two Parallels tﬁ&srn.

HE Parallels of the Equator are ufually diftinguifhed by thefe three
- Names. 1. Parallels of Declination, 2. Parallels of Signs. 3. Pa-
rallels of the length of the Day. Now all thefe FParallels being but
of one kind though of feveral Relations, muft be put into a Dial in oneand
the fame manner; only you are to find which Parallels upon the Pla:gphere
-are anfwerable to each of thefe, and this is (hewed before in Chap, 3, Set. 5.
Now in general alfo be admonifhed, that all things which are iniértej by
this manner'of Work, are done by their Altitudesabove the Horizon ; and if
they be great Circles,fuch as are the Equator, Eclipticks, Azimuths and Hori-
zon, then will two Altitudes in any two hours of your Proje&ion ferve toin-
fert fuch into any Plain,becaufe every great Circle projeted upon a Plain be-
comesa ftrait Line, and two Points are enough to fhew where a ftrait Line
isto be drawn ; But for every leffer Circle you muft have as many Points of -
Altitude as there are hours, through which Points your lefler Circle is tobe
defcribed with a light hand. JIU el
1. Thereforeif youwould put in the Equinofial, choofe any two hours
upon your Plain (of as good diftance as may be, that your Work may be
the truer) and look nl;Pu“ your Planifphere what Alritudes the Equino&ial
Circle hath upon thofe two hours (as which todois fhewed before, Seé#. 6,

Chap.3.y' i : , .
- '%gh:n with your Semicircle exprefs thofe two Altitudes upon the faid two
hours of your Dial, and you fhall have two Points through which if you-
draw a ftrait Line, it {hall'be the Equinoétial Line, upon which you are to
fix the Characters of v and =. . il 04 '
- 2. To draw any of the Parallels of Declination,look upon your Planifphere
which Parallel anfwers to it,and then look there what Alritudes the famePa~
rallel hathwpon every hour (per Prop. 6. C2p.3.) and with your Semicircle ex=
Er:ﬁthnfs Altitudes upon the Plain, each Altitude in-its proper hour; So
ll'you have Points“in every hour, through which the fame Parallel is
to be drawn ; If they be every 1oth. you muft number them by 1o,
20, . above and below the Equator. “The fame is to be done for the

Parallels of tH€ begin of the 12 Signs, upon which when are
flraw:?, }rfg.fmu& fet tlz:%:ma&m of thge. 12 S?;:ns in their proper p Ami :
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to it declineth. This Work may be performed by a Spherical Triangle made
by the Poles of the Equator and of the two Horizons of Losdon and Conftan-
tinople. Then having found thefe things ; you may infert them thus, Firft,
from the Eaft point of your Horizon, count the Declination to the true Coalt,
and infert it into the Horizontal Line, for that {hall be one point where Coz-
[tantingple Horizon is topafs. Then again from the Meridiin point infert
into the Horizon (to the true Coalt) the fame Declination ; {o that this point
of the Declination from the former may be diftant go deg. To this laft point
having relation alfo to the point of the Gnomon, ftretch a Thread in the Air,
or draw a Line, that may lie in and reprefent the Azimuth paffing through
thofetwo points(whicha pcrpendicular%hreaﬂ repofed uponthofetwo poines
will di 5-'011? then by your Semicircle Frﬂ}e& into this Azimuth Line or
Thread the Reclination from the Zenith of your place, either above or below
your Horizon, as you fhall difcern the Pofition of it to require, So then, b
this means you have another point where through the fame Horizon m
pals. Thefe two thereforewith the point of the Gnomon will ferve to pro-
ject the fame Horizen upon all Superhcies that {hall be found to ftand in the

way.
Another way for the fame.

Whenthe Parallels and points are drawn firft upon the Dial,with the hours
you may put in any Horizon without great trouble, thus. The Weft part of

= Conftantinople Horizon; The difference of Longitude is iq degrees, therefore

the Sun in the Equinottial fets 2 hours 16 minutes with them before it fets

with us. The Well point thercfore of that Horizon is upon the Equator at

3 hours 44 min. this is one point. Then find another point upon fome other
Parallelsas = or v, let it bew, on the fhorteft day at Conffantinople the Sun
fecterh at 4 hours 24 min. that is the day isthen 1 hour 36 min. fhorter than in
the Equinottial, and fetteth 1 hour 36 min. fooner : Therefore from the Hori-
zontal point noted before upon the Equinottial count 1 hour 36 min. fooner
(that is towards our 12 a Clock) and find that hour or point of time in the
Parallel of v, and there you fhall have a fecond point of the Horizon : Thefe
with the Gnomon make the three requifite points to draw or projeét the Hori-
zon: And this is the eafieft way ; but more ways might be found to perform
the fame thing, yet thefe may very well fuffice. s

O AR B
L. The Ufe of all the Lines of the Furniture. ~
HE Point of the Gnomon’s Shadow fheweth (among the Equator and

Paralle.lsthcl:em.?l:.'l",heﬁun’sl‘arailcl of Declination.2.Parallel of the

~ _ days length. 3. TheSign wherein theSun is— Amongft the Almican-
sers it fheweth ; 4. How high the Sun is above the Horizon. 5. What Pro-
portion the shadow ofany upright thing, calt upon an Horizontal Flat, bear-
eth to the upright Body—Amongft the Azimuths it fheweth. 6. What dzi-
math the Sun Is in. 7. What Point of the Compafs the Sun is on A-
mcm:'g‘ﬂ the projected Eclipticks it {hews. 8. What Sign is afcending above

the yor defcending. 9. What Sign is Culminati Amonﬁ the
hours of other Countries Account, it (hews ro. Th‘;{irlours of @ R néf
11.Or

r













123 REFLECTIVE DIALLING.

Projection, it is required that there be room convenient 3 and becaufe thefe
are made for the moft part in Windows, where the refle@ion of Light
may be beft made in the fhady places of the inner parts of the Rooms ; ir
wi!Yhe required that liberty be allowed to work without the Window alfp,
It is net abfolutely neceffary that the Glafs fhould be flat, it may Be of ang-
ther Form, if you defire to ve it fo, but thcp Your Hours cannot be {p eq-
fily projetted, becaufe they will not be firait bur crooked Lines upon a
plain Superficies, and the trouble augmented to find fo many feveral
ints, as will be requifite to the drawing of fuch bending Lines. But
ufe moft Glafles are flat, and it will be harder to procure one thag
is not fo, thanone that is; and becaufe alfo, any that s in enious
this way, will of himfelf ( though fome things are here alfy de ivered,
which will be Direttions enough) be able_ to find out the manner of
jelting from an irregular Glafs, after he is pofleTed with this that is
ere in the firft place delivered; I will only fligwr how to do it, to a
flat Glafs, in what Situation foever it {tands, fe by it any of the
other Forms will be underftood. - If any will reflet upon Wager and o-
ther Liquors, it is apparent that they will ever lie Horizontal ; and fo
the way to do that will be the fame with the Horizontal Glafs, which
comes after in its due place, . : :

CHAPITE
Of Refletted Dialls.

| e iatles T Eflection is beft made by a picce of Looking-glafs, which is fo
| i much the better, by how much it is thinner; for the thicknefs
| toations; Li-of it caufeth a double ray of Light to be refletted, and r?t*luirerh a greater
Hors el elevation of the Sun Beams than a thin one doth: it muft be about Seven
it withoars- times the thicknefs in breadth ; and becaufe Glafs refle@s from the upper
glndlna'ﬂun and neather Superficies, and fo makes two fpots, colour the lower Superfi-
= cies therefore with Oyl Colour, or (which is better) rub or grind it,on a
rough Brick, Tyle, or Grind-ftone, and it will make but one fpot. Nowa
Gla% may be placed either Horizontally or Obliquely ; and theinner Rooms
of Houfes (for which this wag_ls moft accomodate) may fall out to be either
flat or turned, both on the Cieling and Walls. In all thefe Varieties it will
be efteemed none of the eafielt works to lprn:itra&‘t true Hours ; and what o-
thers have written in this kind, is only for to draw Hour-Lines to a Glaf
placed truly Horizontally, reflefting upon a flat Cieling, which is like-
wife in aquilibrio with the Horizon; which very particular I will here
- alfo fhew how to perform ina much more eafie way than hath yet been -
Fra&iﬁ::d, after I have firft delivered in general (amongft many) Three
everal Ways, _ :

CHAP
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CHAP L

How to projelf Hours froma Glafs, bowever it Fands upon any
- Superficies whatfoever, or bow manifold foever it be.

SE CT. I The Firft General Way.

OU muft ftretch an Horizontal Thread, between the Glafs and the  risft Gene-
Sun, at any reafonable diftance from the Glafs, and in equilibriors! Wav for
it ; upon this Glafs and upon the Horizontal Thread (by helpofa = "
Eafper'}‘hrmd} project the Sun or fhadow of the Thread, jult as was
ore taught in making a Dial with an Axis; and according to thofe
Precepts ( uPFoﬁng the Glafs to be as the point there aﬂignad) make up
here (inthe fame manner as is there taught) the firft of thefe Precepts,
fo fhall you find the Pole of the World, as at the end of the Eighth:
Precept is declared. Thefe things being thus prepared, youare to begin
with your Refle€tions in this order and manner.’ -

I. the true Pole of ch@World, before found, upon fome Object, This may be
which is done by looking into' the Glafs , till you fec the fore-named &edthe vay
true Pole. And to the end you may the fooner difcover it, you may 1 )
find this or the like helpsy Stretch a Thre:d, or draw your Finger from
the Glafs to the true Pole ; which Thread or drawing of your Finger (if
you follow the fhadow all dlong as it appears in the Glaﬁl% will bring
you to the fight of the true Pole ; and this fame courfe muft be ufed in
all other Refleftions, which may ferveé as a general Admonition once
for all, in all the reft of the work. And when you have difcovered it
in the Glafs, place fome mark then at your Eye (fuppofe fome Wire
or Thread fixed at one end, the other end at liberty in your Hand, the
Thread having a {lipping Knot upon it. This Thread and moveable Knot
may be removed to any pofture, and ferves as. a Mark or Point; fo that
JnoLn' % or !alyinF the fame Point upon the Glals,” with your Eye you
may alfo jultly fee the true Pole or Mark of it in the Glafs) then may
you extend a Thread from the Glafs to this Point or Knot, up to the
top of the Houfe (or to the: Walls or Floors according as things are pla-
ced) and fo make a point thE'.‘ea which may be called the Refle€ted Pole,

(Or the former Point, if it ftand firm, may as well ferve to fupply the ufe

of the Reflefted Pole.) To this Refle€ted Pole fix a Thread, which will

form all the Proje€tion that hereafter followeth. This Thread, for di-
in€tion, may be called the Refletting Thread.

If you will take pains to ftretch Threads to every Hours Point, and fo
projett the Parallels thereinto bf the Semi-Circle, you may reflect the
. Knots, and fo reflect cthe Parallels by your Eye.

2. All
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132 REFLECTIVE DIALLING. 1

Hour, that the work may be the more eafily proportioned ; when this js
done, you may upon this laft Line fet off from 12, or, of the Tangents
before-mentioned, which will give the Points in the éid Line, through
which the Hours mult pafs; and becaufe the Line is parallel to tht‘.‘%!-‘
uator, therefore at thole Points you muft make the fame Angles with
this new drawn Line, that the fame Hour would have made with the
Equator, and therefore they muft be protrafted in the fame manner, |
And if you would caft the Hours from the CicIi:}g to the Walls , you
may do it by the general way fet down in the fore-going Precepts to
transfer any Hour by the Apex of the Gnomon, any part of that Hour be-
ing given or drawn. _

You may turn the Secant of your Latitude at any other Hour, as 4,and
divide it into the Tang. 30. Or you may at the third Hour Point from 12
in the Equino&tial, turn up a Perpend. to the Equin. ora Parallel to 12,
and make that Line to be in length equal to the Co-fecant of the Lati-
tude taken out of the former Decimal Scale or Radius. If now at the
end of this length you draw a Line Parallel to the Equinoétial, the fame
will be the Line of 6. Then further, taking the Co-fecant of the Lati-
tude as a Radius, or Decimal Scale, fet upon it (as a Radius) from the .
Point of 6 the Tangents of 15, 30,and 45, thatis the Tangents of 52,1
Hours ; the third Hour Point being at the meeting of the Equaror
and this Point, or the whole length of the Line, and (which I fhounld
have faid before) draw this Line quite beyond, as far as the Cieling
will fuffer, and from the Point of 6, both ways, or on both fides of it,

- {et on the Tangents as before; {o have you the Points through which a
the Hours muft pafs. Then if it be known at what Angles to this Line
the Hours do lie, it will be eafie to protraét fuch Angles upon the fore-
placed Points, and accordingly to draw the Hour Lines. Now the An-

les that each Hour Line makes, with this Line laft drawn, are the fame

El'e they make with the Line of 12, and accordingly muft be pro-
n.a d‘ i . p

b DG P KRR | P
if it be a Window looking towards the North.

i Avh%: found a Meridian Line, as is fhewed before ; from the Glaf-
fes Center upwards into the Meridian Line, elevate your Semi-
ircle, according to the Latitude of ]?uu?lac and obferve (by a Thread
joyned to the Ruler of the Semi-Circle, i nee? mﬁm} where the Ruler
the Semi-Circle Points out the fame Latitude, there’make a Point, for
that is the Center of your Dial, which is nothing but a plain Horizontal
Dial. If you defcribe a Circle upon the Center, and likewife out of that
Center erett a Pependicular to the Meridian, you are fitted to perform
your work ; for you have no more to do but to fet off either from the Hours
of 6 or 12 (which you like beft) all the other Hours, according to their
fpaces, in an Horizontal Dial from 6 or 12 ; and fo this cafe proves cafier
than the former did.

CHAP
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C:H & F. SV

How from a Glafs Horizontally placed (or from Water or other
Liquors) to Reflet Hours upin any Superficies Flat or Curved,

Ornte or fnore,

All the Fur- HIS is for Reflefted Dials withina Room, and is not yet lirited
ﬁ“’fﬂﬁf I to a plain Superficies, but in general to all, Flat or Curyed lying
08 Horisontal Horizontal or ftanding Upright, or elfe Leaning. Tt is g&wnﬁ
e tGlafles,by in refpeét of the Superficies, whereunto the Defcription is to be made, but
onTReg P oo eticular in refpect of the pofture of the Glafs, for that is here vired
Lines (wich that it {hould be Horizontal. Now to place it Horizontal, do thusﬁn it
Sy mic into a little Board, flat'and even with the Board, and cither make it faft,
Alticades a5 by forcing it into the Board (the place of it being ftrait and juft fit) orelfe
are true, andoverlay it with a Plate of Lead beaten very thin, but befure it lié true o
;f];;'é ;E?::J the flat of the Board ; then with a fmall Level lay the Board truly Flat or
the Glats or Horizontal, which will be done without any great difficulty, which is to
Horizon.  Jie for the moft part in the Window. Tl '

1. The Glafs being laid, obferve the Spot of Light that the Sun cafts,
and make a mark at i, el

2. Andimmediately obferve the Sun’s Altitude,and find the Azimuth,

3- Then extend an Horizontal Thread in the fame Level with the Glafs,
but within the Room.

4. Afterwards project the Azimuth into the Horizontal Thread, by hold-
ing up a Perpendicular Thread in fuch a place, that though it hang at liber-
ty, you may at once difcern both the mark of the Spot of Light, and the
({I’ag likewife; and then obferve where the Perpendicular Thread feems to
cut the Horizontal Thread ; atthat appacent interfeltion tiea fhort Thread
for a mark of the Azimuth. Raiel :

5. Apply a Paft-board to the Glafs, and fo that it may be ftaid upon
{fome rcﬂ[: that after it is taken away it may be reftored to the firft fture
without impeachment : Let it be alfo thd'HDrimntallj.’, fo as that it may
have full Relation to the Horizontal Thread. ;

6. At the Glaffes Center makea Point for a Center upon the Paft-board,
and extending a Thread from the Center of the Paft-board to the mark of
the Azimuth upon the Horizontal Thread, draw upon the Paft-board that
Line which the Thread fo extended figures out thereon, Afterwards, unto
the fame Azimuth, upon the Paft-board, draw a Meridian, and to it an
Horizontal Dial, and applying the Paft-board to its firft Situation, project
the Hours thereon, unto the Horizontal Thread, and the Knots; all which
15 done in the Room. R = M

7- Then projeét the Meridian g?y a perpendicular Thread, covering,
in appearance, both the Knot 12 and the Glafs) unto the con-
trary Coaft to that wherein the Pole is elevated (above the Horizon)
that is to fay in our Northern Climats you muft projelt the Meridian
Southwards from the Glafs, becaufe the North Pole is elevated. And
in the Meridian, clevate your Semi-Circle from the Glafs Southwards,
all it rife up to your Latitude ; fo fhall the Ruler of the Semi-Circle
point out (upon fome Obje&t fet to receive it) the North Pole Refletted

Or

































REFLEX DIAiLING,

“The Way to Draw all mannerof DIALS, which fhall fhew
the Hour by a Spotof Light, Refle(fed from a Glafs upon
any Cieling, or other Objecf whatfoever, without any re-
fpe@t had to the Azis of the World, either PRO]JE-
CTEDor REFLECTED.

A%\ 414¢°0;

" 'Whether the Glafs lie Parallel to the Horizon or Obligue
unto it,

TOGETHER

Will all neceflary FURNITURE belong:

ing thereunto.

All performed by an cafic INSTRUMENT fitted
with Lines to that purpofe.

By Jounx Twyspen, M.D.C. L.
The Twelfih T RACT AT E.

G AR 151
The Defcription of the Inftrument,
I' ET there bea ftrait Ruler of Wood or Brafs made, as AG

| |

length, breadch, and thicknefs, at Difcretion : About the :rf:d:lhlg

of it, or ncarer to the end A, let the hollow B be made large c-
- nough to comlgaﬁa Socket of Brafs, into which the Glafs muft be
fitted, and fo that the Aiducial edge A BC, may be imagined to pafs thro®
the Center of the Glafs, when itis fixed. On the other fide, as at F, may
bemade another hollow, like htatat B, tothe end you may ufe cither edge
‘of the Ruler, asoccafion may ferve ; to the end of this Ruler muft beadded
another at right Angles CM, made moveable, yet fofupported by a Bracket
E, behind, that it ma{ ftand fteady atright Angles, and unto thislet there
be fitted a{lipping Socket with a fiducial edge /s ; let the piece CM be di-
vided as a Tangent Line to the Radius B C, and of that length that it may
contain about 47, or 48 degrees, which you need not divide beyond 45.
‘On the other fide KM, toa fhorter Radius, let the Tangent Line be c::&

‘ tin
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REFLEX DIALLING.

S0 that the names of the Dial Plains are in number 22, The firft
admits of no variety ; in others the fame direttion or calculation will ferve
for two of one kind, in fome for four. : :

Now for the particular defcription of each, fo thany have made it their
bufinefs and ingenuity, thit here fhall be o more fald than what is already
evulgated, which i$ more than fufficient, although I could Symbolum offerre,
and that as currant 4 forhe of the reft ; but becaufe the occafion is Reflex-
ed-Dialling, and that from a Plain and RefleCting Superficies howfoever po-
fite, know that this Superficies muft neceffarily be {fome one of the 22 varic-
ties abovefaid, this is proved induéfive, by a perfect etrumeration of all the
fingulars; for all Plains muft fingularly be in fome one of thefe 22 Po-

10ns

Dial) mulk be raken asa plain in a Counter-pofition to that %

2. Again, the Phin of the Glafs (confidered 45 dn brdinary plain for 2
< rdinary plain,
as for inftance in the Horizontal, an Horizontal Glafs r .a'n]?’d |

rizon-
tal Dial, as fhould ordirarily be made to the Antipodes of the fame place
refleed; and fo the like in'the reft of the plains, where you muft be il
fure to apprehend the plain of the Glafs to make an Antipodical Dial to the
fame plain taken with a refletion.

_ 3. Asall Dials in their delineations or tracing of their hour-lines, reff
their proper Axis, Horizons, and Equators, fo likewife do thefe the fame in
their reflexed pofture ; and here how you are to proceed toargue and ftate
thefe, fo aslyuu ma&takc your praétice in them, as in the ordinary plains, I
fhall be fo free with you ss to give you my conceptions and th:rcir%rc

4. Becaufe the Poles of the Equator and Horizon are fo called in the com-
mon Nomenclature, as they are Perpendiculars, fo for that reafon fhall I
call the Perpendicular of the Glafs, the Pole of the Glafs, concerning which
Pole, take thefe 4 Theorems. J ~

That the Azi. : 1 Meridian is the Declina- ¥
muth, &;: m&i:g the “—3 tion,
the : . g e 4.
FG@]## Wﬂd 2 &fl.!l:ﬂf’l.fféf fj"-‘&#“.
comparea with 2 Meridian, is the Inclina-
That the Hour- | the ) tion of Meridians,or dif-
lines. ference of longitude. ~  Lof that Glafs
4 Equator is the latitude or

altirade of the Stile, viz,
if it lie on the under or
South fide of the Equa-
tor South latitude other-
wife North latisude.

§ How to find this Pole of the Glafs, the Glafs it felf being fo fmall, and
fet within a Socket, as no Inftrument can be applied to the Plain of it,
there are two ways. :

1. Geometrically ; For fuppofe the Sun fhining on the glafs at C, the

fpot or refleCtion ® at D. A Ruler, finger, or fuch like thing, held up

at B, fo as the fides of a Triangle BCD may be meafured. Then the
fide DB cut in E by the 6 lib. Ewclid : 3, fhall give CE the Pole
of the Glafs. Then an Horizontal Paftboard applyed to C (the Me-
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2. By a Plain fet Paallel to the Superficies of the Glafs at a convenient
diftance, whereon you are ro defign what you intend to be put on this
Dial; and if the Parallel Plain be of Patte-board or Paper, a Thread
faltned at the Center of the Glafs, ftrikes your whole Dial de mr{& pa-
pro. The diftance of the Plain from the Glafs, will be as you pleafe;;
vrz. The diftance ofa plain froma Nodus,

3- The Pole or Perpendicular of the Glafs being drawnour and defigned,
you can cafily propound to your felf;swhat, and in what polition the
Sui’s rays will make an Angle of incidence wich that perpendicular ;
and fo by a Semicircle or ‘Tangent of fine Paftboard fafined to that
perpendicular, you can, on the other lide, aflign the like Angle
for Reflection. “And for the Horizon which is to be refleCted, two
Points may many times eafily be got h(Z.J the Eye, looking into the
Glafs, and fo between the Eye and the Glafs interpofing a mark as by
S¢ck. 5 two points are [ufficient to defign that,

And thus by one or other of thefc ways you fhall be fure to hit of your

purpofe.

Shall conclude this T'raftate with the Defeription and Ufe of an Infiry.
J ment, or Dial for my own Ufe, which by one fingle Hour-line defign-
within a Room,and that at Pleature, (which will preventthe foiling of
Hangings, Cupboards, or fuch like things ina Room) fhall moft readily
ve you the Hour, and atually (it your Room be large) every day in the
car. The Inftrument may be of neat ufe in Gardens, being fet near the
North fide of a WVall or Tower, yet fo that the Sun may {hine thereon, and
the refle€tion be made in the {ha ow, _
Itis very T]ai,n and ready, and the hours upon the Egsimodfial naturally
divide themfelves into 7% deg, a-piece, and the reafon tl;'r:rmf (that is, the
demonftration) is very apparent.

This Reflexed Dial here mentioned is no other than an Equinaftial -

Dial, fuch as is defcribed in the XV Chap. Seét. 1. Fig, X. of the Firft Trg.
Ctare, or that in Chap, XVII Set. L Fig. XVII of the fame; for all are
toone effe, thofe Plawns lying parallel to the Axis of the World, and there-
fore the Stile lies parallel to the Plaips : that is,the Plains do lie in fome ope
Hour-circle or othér. Then if the Superficies of a plain Glats (T mean the

defigned for a Reflex Dial) be fo placed, the Axis (becaufe parallel to
the Plain) will have no Incidence, ang fo, by confequence, no Refleftion :

The P icular of this Glafs (beingan Imagiuag' Point) lies in the E-

quator : fo that the Superficies of the Glafs fixed in a nomon to turn round
{now all Gnomons look into the Elevated Pole) will continualiy caft a Spot
(the Sun fhining) into fome one Hour-line or other, which let be drawn
at pleafure withinthe Room. And then fixing a fmall Circle with an In-
dex to turn round, fuch as is the Hour-Circle of a Globe, that Index then
11‘{ I;:1::: the r;ru;c Hsuur, u&vchr:n the Spot (hews upon the Hour line in the
oom, br t t alterwards at any rime ro the faid Hour-line, the
Index umm will g?'.?:: the true Hour. ! 2
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And becaufe the quanrities of the feveral Refractions, at thejr feveral
Incidences, are unknown, and although they were known, yet by rea-
fon of the irregularity of moft Pellucid Soli s, the Angles and Coafts of
Incidence would be arr-::—gﬂller unknown, and in that regard the Refracti-
ans, both in quantity and coaft unknown alfo. In all thefe regards it js
altogether impoflible to give any Rule, either by Calculation, or Geome-
trically, by drawing lines how the hours {hould be delineated.,
In Water (indeed) where the Superficies is both a true: Plain, and alfo
,,,.f" E,L,':fi lying tiuly Horizontal, the Varieties will be fewer, and fo the Work more
Jniex muft ofcafic, Bue of this T will fpeak afterward peculiarly, becaufe things necef-
Tl v ¢ fary in chis kind may be more vulgarly had rheinlg, more obvious) and the
S way much more eafi¢ in it felf, though commonly alfo thought to be ex-
ceeding difficulr, being efteemed as a rarity above the common apprehen-
fion and performance.  And if this thar is eafieft be fo efteemed of, what
fhall the former (fo difficult) be accounted of, being involved in fuch an jn-
numerable number of various Varieties. 3

Of Refracted Sun-Dials in Water.

How to Draw them by the Semicircle and PIani{'phE;'e |
jq}rnhfy fager.’.lfr.

1. “YHE Refrations to all Inclinations or Alcitudes in Water muft
l be had, as T have framed a Table for that purpofe, which is
here inferted, -

2. The Veffel that holds the Water may be of any fafhion, regular
or irregular, it matters not, but it muft be furnifhed with every tenth
or fifth Azimuth, as need fhall be; the manner whereof in brief may be
this, Set the Veflel fo upright as it muft ftand, when the Water is in jt:
and affume a Point for the South, and over againit it (in the fame Hori-
zontal Level ) another for the North, both oppolite to each other in re-
fpect of the Point of the Gnomon, which muft firft of all be fixed, thatis,
having taken one Point for the South, in the fame level with the Puintgf‘
the Gnomon (for to it an Horizontal Line is ficl to be drawn in the
Veflel, or elfe extended by a Thread) from thar South Point extend a
Thread out-right over the lreint ofthe Gnomon, which will find the North .
Point on the other fide of the Veffel, Afterwards in the Horizontal Line
(drawn round about the Veflel, or otherwife reprefented with Threads
conveniently) by help of a Paft-board fet upon the Gnomons top, and b
help of the North and South Points, you may project each fifth or tent .
Azimuth, and make marks in the fame Horizontal Line for cach of them,
This being done, by the Semicircle, find out the Zenith Point in the Vel
fel, that 1s, apply the Ruler to the Gnomons Point, and. holding it
upright there, tﬁﬂ foot of it will fhew the Paint required ; for the Vef-
fel now ﬁnndin§ (and as it muft be jultly afterwards placed ) in this
polture. Then lattly, if you lay a Thread to the Azimuthal Point, and
to the Apex of she Gnomon, and foto the oppofite Point of cach Zenith

(two
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ATABLE of Refrated ALTITUDES
to every Degree of the Quadrant.

True | Refraited Trae | Refratted True | Refrated
Altit, | Altirudes, Altie, | Altitudes, Aless, | - Aleitudes, |
Deg. |D. M. fee. Deg.|D. M. fee. Deg. {D. M. fe.
o |41 28 o 30. |49 327 @ 6o |68 o o
T l4r 30 48 33 .50 ‘o4 ¥ o 61 (68 42 ﬂg
2 |41 337 36 32 |50 36 o 62 |69 24 4
EEgY Lz 36 24 32 |51 o8 o 63 |70 o7 12
4 |4 39 12 34 |51 40 o© 64 170 49 36
141 42 o© 15 152 ‘o8 ‘o 65 |71 32 o
6 |41 50 48 36 |'s2, 427 © 66 |72 :g' 23
g 41 sg 36 35 53 16 o 67 |72 58 4
5 24 3053 0E 0 68 |73 42 12

9 (42 17 12 39 154 ‘24 ‘o 69 |74, 25 40
10|42 26 o 40 |54 58 o 70 |75 ©°9 o
11142 40 12 R TS BN - Fi 7% 53l 'e
12|42 54 24 42 |56 10 4 72§76 33 T0
13|43 o8 36 43 156 47 12 730l s
1443 22 48 44 |57 23 4o 74 |78 o5 o
15043 37 o 45 |58 oo o 75 |78 49 o
16143 56 24 46 |58 38 24 76 |79 33 2
17144 15 48 4§ 59 16 48 7 o 17 4
13144 35 12 48 |59 §5 12 78 181 oz 12
19[44. 54 36 49 (6o 33 36 79 |81 46 36
20[45 14 _ o 50 |61 12 o ‘80 |82 31 o
21145 37 48 51 |61 52 o 81 [83 15 48
2246 o1 36 52 |62 32 o 82 184 oo 36
23146 25 24 53 |63 12 o 83 184 45 24
24|46 49 12 54 163 52 o 84 185 30 12
25147 13 © 55 |64 32 o 85 186 15 o
26 4% 40 48 56 165 13 36 86 |87 o0 o
27148 8 36 55 65 §¢ 12 87 |87 45 o
gg 48 36 24 58 166 36 48 48 |88 30 o
29149 ©04 12 59 |67 18 24| | 89 |89 15 o
“;; g szaii gtillinlnbo <] 681 0w o go |go o o
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pear; for in a right Sphere the Axis (as all know) muit lie paralle] to
the Horizen, u?%uupuﬁm of the Water; and the Hour of é will be
the fame with the Horizontal Line, If therefore we fuppofe fuch an
Axis in a round Spherick Concave Veflel, full of Water, to be laid
from the one fide of the Veflel tothe other, and the Sun to rife or fet in
the Equinoftial which is proper to the Axis; then fhall the Hour of
6, or the one half of the Horizon bEtngit&td’ dipping down (from
each point of the Axis, p ed by the Parallel Rays of the Sun) fo
much as the Horizontal ion comes to ( abour 37deg.) whence 2
it muft follow, that this Proje&tion of the Horizon muft dip moft under
the Axisin the Projected Eciluinnctial Circle, and nothing at all under the
~ two ends of the Axis, which concur with the fides of the Concave Vef-
fel ; whence the Sun, being in the Equinoctial as we now fuppofe it tobe,
the Axis and Horizon, or 6 2 Clock Line ina round Veffel, would appear
thus, as in the Figure.
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But again, If the Sun being out of the Equinoctial, as in ofe of the
Tropicks, and there be fuppofed to rife and fer, then fhall the Hori-
zon, or ilﬂurdé, be proj fo by the Sun, as thar a2 Ray from the
Sun upon the middle Point of the Axis, fhall project the Horizon in the
loweft Point; which loweft Point will be in the projefted Tropick, and
not in ‘the Equino&ial, as the former Projeftion was. So that now the
Axis and the Line of 6, will appear in the fame Veflel, in the form of
a0b, whercas before it was like aeb; whence firft it is evident, that an
Axis cannot project (in all Pofitions of*the Sun, to the Axis aid Water)
one fingle Line for each Hour, as they ought to be; and therefore that
way by an Axis is in this work to be rejected as unferviceable.

Secondly, It follows alfo, that (though the Sun fhould (by reafon
of infinite remotenefs) make requifite Lines, yet) the Eye cannot in this

- kind perform whar the Sun doth ; becaufe it being always near to the
Superficies of the Water, doth receive diftances from Feveral rts of
the fame Superficies of different quantities, great and leffer ; and fo the
Rags paffing from the Eye, do make feveral Angles of Inclination ,
and confequently feveral Refractions, which the Sun by his imm;an di-

S
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ftance doth not, but is thereby freed from it; fo that the Hour Lines can.
not be projected (by help of an Axis) with the Eyein the fame fafhion that
the Sun requires ; nar yet if they could; would they be of any ufe, as js
before faid. . Thirdly, Again it follows, that a point only (and'not a Line,
ior part of the Axis) is to be ufed for a Gnomon. = Fourthly, That the in-
feription of the Hours mult needs be done by finding certain Points, thro’
which they are to be drawn. One way of which Protraétion is now
delivered ; chis former way fuppofeth the Refraétions to be fingle upon
a Meridian, lying .in a Horizontal level, and to be known alfo according
to all inclinations.

How to make the Hours clofe right 'with the Horizontal Circle,

one as if you would draw the 37 deg. Almicanter (for about 37 deg.
is the Horizontal Refrattion ; and fo much therefore muft the Horizontal
Circle dip under the point of the Gnomon in the Water) fo thar I need
fay no more of that: Then may you divide this Horizontal Circle into fuch
parts or degrees, as the fpaces of' an Horizontal Dial will require and into
thofe divifions muft the ends of the Hour-lines run. Alfo above this Ho-
rizontal-line nothing needs be drawn, for it is of no ufe, the Point of the
Gnomon will never grow higher, Likewife it will be moft convenient
to fill the Veflel with Water up to the brim in this cafe here propound-
ed, where the Gnomon lies hidden under Water ; and foalfo to make the
brim 37 deg. (at moft, but fewer deg. is beft) above the Point of the Gno-
mon; whi cgcgnur Semicircle will do: for by thefe means the Sun fhall
have free accefs to the Dial fo long as it is above the Horizon, which other-
wife will not poffibly be.

YDU muft firlt draw the Refrafted Horizontal Circle, which is all

Semicircle out of my Table of Refractions in Water, and
made into a Scale or Limb ; if this (I fay ) be ‘done, thea ma
ou immediately (without turning your direct Altitude into re-
racted, according as is prefcribed in the precedent page) pue
in the fame things in the fame manner and quantity , if you
count thefe Altitudes in your Refracted Scale (and not in ‘the
common limb) and accordingly do infert them all, your Thread
and Plummet hanging upon 511: Alritude taken into the fame Scale;
fo will the former labour of turning one into the other be taken
ite away., And fo much will ferve for this firft Cafe, when-

%ﬁ;mhquim covered under Water. The Second foﬂws,
which is,

And here Note, that if the Refracted Alticudes be inferted into mly .
0
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Points f(hall be the Terms of the Hours jato _whir:h_ they muft come.
But if the Veffel be nor Regular, or though it be, if the Situation of
the Gnomon be not Regular to it, then it will be difficult ; and in-
deed fo difficult, that it is not opere pretium to ufe it, T will refer it
to this next Projective way of putting in this Suﬂerinr part of the Hours,
which will perform this thing ealily. But by the way, after you have:

inferted the one part of the Hour Line, by drawing itas I now fhewed,
you may continue it whither you will by Projettion, as T have here-
tofore {hewed; and fo you may continue it downward unto the Water
Horizontal Line,

_H. By Projeltion.

ed, cither by an Axis and Horizontal Points, or elfe by the Equi-
nottial Points, and for thefe you need draw no Azimuths ; or elle by Azi-
muthal Points, put into two Azimuths, which only are neceffary to be
done: I need not make Repetition of it here again.. So then the upper
part of the Dial above the Water is defcribed,
The lower Refralted part which lies within the Water may alfo be
done two ways ; either by the Planifphere and Semicircle: Or elfe by Pro-

A ! HIS is done in the fame manner that I have often herctofore fhew-

je€tion alone,

I Bythe Planifphere,

EEK how much each Hour is elevated upon every fuch Azimuch as

is defcribed in the Veffel, and by your~Table of Refraftions turn

it into Refrafted Altitude, as was before fhewed; fo thefe two Al
tudes may be called, The Firlt, The Diret, and the Latter, the Re-
frafted Altitude. Or when you come to infert thefe by vour Semicir-
cle, for the Dire& Altitudes you may count them upon that Limb
which is divided into equal degrees, and the Refracted Altitudes you
may infert by that Limb which is made for Refratted Altitudes b \{7;1..
ter. And fo you muft underftand me when T bid you to put in the Dj-
rett Altitude” and the Refrafted Alutude, that is, to count the fame
Altitude in the Dire& , or equally graduated Limb, and in the Limb
of Refractions, and fo fhall you need no Table of Refra&ions, becaufe
this new inferted Limb pcrz:nrms the ufe of the fame Table immedi.
ately , without any turning of one Altitude into another. Both Alj-
tudes we are here to ufe. Firft, We fuppofe the Veffel fer as it mug
ftand when it is filled with Water, and in this fitnation look whar A-
zimuth you mean to deal with, or into which you intend to infert the
Hour points, from the fame Azimuth noted in the Water Horizontal
Line, and in the true Horizontal Level, and jult alfo under the Poine
the Gnomon, which is to fay juft in the Zenith Line (or from the
Azimuthal Point in the Water Horizontal Line to, or directly towards
the Interfetion of the Water Horizontal Plain with the Zenith Line)
itrecch a- Thread, and (having firft put upon it a Bead that may fii
arid down, or elfe a Slipping Knot may be put on aﬁcrwarj;) there

flip up
faften
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faften it, After this is done, by help of the Semicircle applied to the
Point of the Gnomon, put upon that Thread (as being the Azimuth)
the Direft Altitude which you mean to infert, and thereto flip the
Knot or Bead; then again from this Bead down unto the fame Azi-
~muth drawn upon the Veflel fides, projeét (with your Semicircle or Ru-
lers edge applied thereto) the Refragted Altitude, and there makea Mark;
for in that mark mult the Hour (whofe Altitude you now infert) run,
the fame Work you are to do for all the Hours and their Altitudes thas
pafs thorow this Azimuth; and the like muft be done in other Azimuths
alfo for the fame Hour Points. Then laftly, Having found Points for eve-
ry Hour, you may thorow thofe Points draw the Hour Lines, and fo finifh
e Dial 1n every particular. -

1I. By Projection.

U T now the Veflel muft be filled up to the Water Horizontal Lin
and be in all Points fitted as when 1t is really to fhew the Hour

e Day; and being fo prepared, you fhall need to infcribe no Azimuths
at all into the Veflel; but as in other Projefting of Hours, fo here do
thus : Make two Points for North and South, and fet the Hour Points
upon the Brim of the Veflel which you take to be én equilibrio with
the Gnomon’s Point (however put thofe points into the Horizontal Line,
which is /s eguilibrio with the Gnomon's point; or if there be none
drawn in the Veflels, fer Threads there round about it, as the manner of
other Dials hath been, and into them infert Knots or Hour points) and e-
reft an Axis as in other Dials: Then projett (as you ufe to do) the Axis
upon thofe points, and with fome File or Dent make a Mark where the
point of the Gnosmon is repofed thorow the Water upon the fide of the Vef-
fel which Mark fhall ferve for one point thorow whichto draw that fame
Hour. Then removing your Eye a little higher or lower, ftill repofe the
Axis upon the fame Hour point, and mark again the ]ialau:c upon which
the point of the Gnomon feems to lie ; for this alfo will be another point
thorow which the fame Hour is to be drawn. Thus remove the place
of your Eye fo often, and do the fame Work over, untill you have lgund
points fuﬂgcient to finifh the draught of the whole Line. In the fame
manner you mult find points, and thorow them draw each of the other
Hours. This kird of Work is neceflary for that part of any Hour which
lies under the Water ; but for the part above the Water, that is proje@ed
at one view, as hath been before {hewed ; for that not going down into
the Water at all, is freed from Refraction. Rememberalfo that the Axig
mult always go above the Gnomon’s Point, and keep in the Air, but at
no hand gocEan into the Water. To the Water it may go, and befaft-
ned below teo in the Water ; but my meaning is, you muft not then pro-
ject by that part of it which is within the Warer, ufe the Refraction
will deceive you. And be careful that the projecting part of the Axis (name-
ly all that which lies above the Water) do lie at the true Elevation of your
ole, and that you project only by that fame part. And thus have we
finifhed thefe two Cafes, which were to fhew, How to draw Hours ina
Vellel of Water, where the Gnomon lies within the Water, or where it
ftands above it. Now if befides the Hours, any fball in thefe two Cafes,
defire : -
[
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