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PART 1. SECT. 1.
IALLING is thg Art of drawing Duals on any given
plane, or on the furface of any given body:

The Greeks and Latins named this art gnamenica, and feiathe-
yica, becaufe through it they were taught to difcover the hour of
the day by the thadow of a gnomon. Some have named it photo-

~itherica, for this reafon, that the hours are commonly exhibited
by the light, or rather the fhade, of the fun. _ Othc;s have called
e art borolgicgraphy ; and others again feiographia, becaufe it
ereats of {hadows,

1t is uncertain, who was the firft that found out the art of con-
fru&ting dials.  Some attribute the invention to Anaximenes
Milefius, who lived about 556 yecars before Chrift; others, to
Thales, who flourifhcd about the fame time, or rather earlier.
But to leave the opinions of different authors, 1 think it is evident,
that the art of making dials was known long before the days of
cither of thefe philofophers.  Witnefs, the dml of Ahaz, men-
tioned in Ifaiah, chap. xxxviii, ver. 8. which puft have been at
leaft 150 years prior to the date abovementioned, It appears,
however, that the Romans were unacquainted with dials till Pa-
pirus Curfor, about 260 years before the Chriftian era fetup a
dial at Rome, prior to which, fays Pliny, there is no mention of
any account of time, other than by the {un’s rifing and fetting.

Clavius is faid to be the firft profefled writer on this fubjedt.
The art has been fince handled by Dechales, Ozanam, 'W'uijﬁus,
M. Picard, Dec la Hire, Sturmius, Paterfon, Michael, Leybourn,
Lecadbetter, Muller, Fergufon, and many others. But among
all the books on dialling, nonc are more defervedly efteemed than
that of J. Wells, Efq. printed at London in 1635, under the
title of ¢ The Art of Shadows,” and that ¢xcellent Treatife of
the latc Mr. Emerfon, printed in 1770.

There are various mcthods of drawing dials.  Some findl
all the requifites by means of a terrefirial globe, and then
transfer them to the dial phine, but in the conftruétion-of
large dials, where accuracy is required, this method 1s too vague
and uncertain.  Others find the requifites by trigonometrical cal-
culations, and infert them in a table for ufe, and fo taking off the
duc meafure of each from a plain fcale of proper fize, they calily
and accurately form the feveral lines on the diall plate.

Others, again, conftruct from a dral feale fitted to the particular
Jatitude of the place; but, as in the practice of making dials a
variety of latitudes will occur, and 1t would be exceeding dificult,
nay, 2lmolt an endlefs tafk, to procure fuch fcales for all lTatitudes ;
or if procured, as the advantage would never compenfate for the
expence, this method is not fit for general ufe, and of courle is
niot worth notice in this place, as the ccconomy of our plan is
cautioufly to avoid extranuous matter and things of fmall import-
ance, while we with to be copious, and to afford our readers cvery
{atisfadtion. 1n thofe articles which appear to be of real utility,

Another mcthod of conflructing dials is by lines drawn purely
gcometrical, without the help of calculation, and this miethced
being more mechanical and fcienufic than the refl, would be the
beft tor practice; was 1t not that in fome cafes the lines become
fo numcerous, and their interfeétions {o many, as to render it both
tedious and  inaccurate. H

In what follows, I fhall thercfore prefer that method by the
fcale with the help of calculation, 1t being the molt general, cor-
rect, and expeditious ;3 not, however, omitting the geometrical
method, in cafes where it is well adapted for aélual ule.

Before I enter into the practice of deferibing dials, it will be
neceflary to treat of the gnomonic projeltion of the fphere,

SECT. II.
GNONMONIC -PROJECTION OF THE SPIIIIRIC.

IN the gnomonic projeétion, the plane projeéted on, 1s fup-
poled to touch the hemifphere to be prnjuﬂud. 1 1ts vertexy the
point of contact bring the centic of projection.  But a projuttion
may be made nothing diffiering from tlus, upon any plune parallel
to [hch touching plane s for it 15 only taking a greeater or lefs radius
of projedlion, according to the greater or lefs dillumce, which is
in cffedl projeéting a greater or lels (phere upon its touching plane.

When the {phere is to be projecled this way upon a given plane,
it will Al the imagination to fuppofe the eye placad in the centre
of the fphere and looking on the plane whofe polition s given ;
as by that means, the civcles of thie fphere, as projected on the
plane, will appear in due order,

I this projection, every great civcle as BAD (Fig, 1.) is pro-
jedled into a right line, perpendicular to the line of meaftres, and
at a diflanee from the centre equal to the catarzent ol its incli-

nmation, or the tangent of s nearcdl diffince from the pole of

projeélion,

For et CBIED he perpendicular both to the given circle BA D
and the plane of projection, then will the iuterfeQion C1° be
the line of meafures, Now fince the plane of the circle BID) and
the plane of proje@ion are both perpendicular to 3CD K, the
comman fection will ulfo be perpendicular to BCD L, and con-
{cquently it will alfo be perpendicular to the line of meafures C 17,
Now fince the projeéting point A s in the pline of the cirele; all
tlu,Hmian of the civele will be projecied into that feéliony that is,
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into a right linc pafling through 4, and perpendicular to Cd,
And Cd is the tangent of CD, or cotangent of CAA.

Hence a. great circle perpendicular to the plane of projeétion,
is projefted nto o Ifi%llt line; pafling through the cenire of pro-
jection, and nnz: arch is projecled into its correfpondent tangent.

hus the arch CD is projedéted into the tangent Cd, ’

Alfo any-po.:nt as D, or the pole of any circle, is projected
into a point / diftant from the pole of proje€tion C,. the tangent
of D’s diftance from the faid pole.

If two great circles be perpendicular to each other, and one of
them pallcs through the pole of projetion, they will be projeéted
into two right lines perpendicular to each other.

Therefore, if a great circle be perpendicular to feveral other
great circles, and its reprefentation pals through the centre of pro-

je&tion, then all thefe circles will be reprefented by lines parallel

to one another, and perpendicular to the line of mcafure or that
firft circle, .

If two great circles interfect in the pole of projetion, their re-
prefentations fhall make an angle at the centre of the plane of
projeétion, cqual to the angle made by thofe circles on the fphere.

Any lefs circle parallel to the plane of projetion, is projected
into a circle, whofe centic 1s the pole of projection ; and radius,
the tangent of the circle’s diftance from the pole of projection.
IHence, 1t a circle be paralicd to the plane of proje@ion, and 45°
from the pole, it 1s projeled into a circle equal 10 a great circle
of the fphere, and therefore it may be looked upon as the primi-
tive circle in this projection, and its radius eftecemed, the radius
of projeclion.

every lefs circle (not paraliel to the plane of projeétion)is pro-
jelted into a conic fe€tion, whole tranfverfe axis, is the line of
meafures, and whofe neareft vertex is at a diflance from the centre
of the plane, cqual to the tangent of its neareft diftance {from the
pole of projetion ; the other centre is diftant therefrom equal
to the tangent of \its fartheft diftance from the pele of projeétion,

For let BE (/ig. 2.) be parallel to the-line of mealures dp, fo
will any circle be the bafe of a cone whofe vertex is Ayand there-
fore fuch cone being produced will be cut by the plane of projec-
tion in fome conic {cétion. Thus the circle whofe diameter is
DI, will be cut by the plane in an ellipfis, whole tranfverfe axis
is df; and Cd is the tangent of CAD, and Cfof CF. In
l:ke manner, the cone AL being cut by the plane £, will be the
pearelt verwex, and the other point in which I£ i1s projefted is
at an infinite diftance.  Alio the cohe AFG {whofe bafe is the
circle FG) being cut by the plane f, is the neareft vertex, and
GA, being produccd, gives & the other vertex,

[t follows from what has been {aid, that if the diftance of the
fartheft point of the circle be lefs than go® from the pole of pro-
jection, it will be projected into an ellipfs.

If the farthelt point be more than go® from the pole of pro-
je&ion, it will Le projelted into an hyperbola,  Thus the circle

F( is projeéted  into an hyperbola, whofe vertices are f and 4]

and tranfverie fd.
In the circle EIY, where the fartheft point It 15 jult 9o° from
C, it will be pm{ju&cd into a parabola, whofe vertex is £
Alloif H be the centre, and K, £, /, the focus of the elliplis,

hyperbola, or parabola, then HK =— M:—ﬁ-{ , for

2
Hi— AJ-{—-{\[ for the hyperbola; and (drawing fn perpen-

2 Al I D &

dicular to AL) /7= ”[:{- l—'{,

2

reprefentations of the circles DF, FG, and FIS refpettively.

‘I"hefe things being premifed, T proceed 1o the practical part of
projeétion, in which, for the fake of brevity and utility, I fhall
confine mylfell as much as poflible to the method by the plain feale,
the other methods which depend upon rignd geomcetrical conftruc-
tions, being in fome cafes excecihing tedious, and on account of
the variay of lines and interfections that occur, the figures when

conflruétad are liable to far greater inaccuracy than when they e

drawn at once from a correét feale of chords, fines, tangents, &c¢.

Ar. b, To draw a great Circle, thrsugh a given Pointy, and at

a given Diflance fram the Pode of r jectin. g Figo 3.)

Rurr.  Wauh the radius of projeéion defenibe the circle

A B D, and with the tangent of the crrelels dittance from the pole

of projection C, deferibe the cirele D1 IS, and diaw P to touch

this circle, fowill I T K be the circle required,

Awv. UL Todvaw a great Civele perpendicnlar ts a given Cile,
that paffes threugh the Pole of Projection, and et a groen :flence
frram that Pale, (P, 3.)

Rurk.  The primitive circle ABD being deawn o the given

circle CT, fut the tangent of the gnven diltance from C to 1

through T draw Ky |'n:rpumliunl.u* w C I, and 1t will be the re-

the clliplis;

for the parabola, which are the

' prcll-nlulinn reqere

Awv. Lo Tomeafure any Part of a great Civele or ta fot any N
ber of Deprees therean,  {Iip. o.0)

Rurk., Let 1P be the great cirele, 1B be a cirele de-
feribued with the radiug of projection, and let T1 be a part of the
et cirele ;s diaw D perpendicular to 150 5 apply Cl oo the
tangrents, and et the femitimgent of ity complement lru]n C o
A, which will be the Lliviiliugtm:nlru ol X0 5 and drawing :\}’,

Y the
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the angle AP .will confequently be the mcafure of ‘the given

arch 1P, . - |
If the degrees be given, make the an{c IAP cqual thereto,

which, (by drawing ‘AP to meet the circle EP,) will cut off 1P,
the arch correfpondent thereto.

ART. IV. To drawa great Circle fo as to make a given Angle with
a given great Circle, at any affigned Point 5 or to meafure an An-
gle made by two great Civcles. (Fig. 5.) - _
RuLg. Let P be the given point, and ¥B the given great cir-

cle. Draw through P, and C, thc centre of proje&ion, the line

PCG:; to which from C, draw CA perpendicular, and equal to

the radius of proje&tion. Draw PA and AG perpendicular to it ;

at G, ere& BD perpendicular to GC, cutting PB in B; draw AO.

bifeéting the angle CAP, Then at the point -O make BOD
equal the given angle, and from D draw the line DP ; fo will BPD
be the angle required.. Or, if the degrees in the angle BPD be
required; from the points BD, draw the lines BO, and DO, and
the anglc BOD will be the meafure of BPD. ‘

Cor. If an angle be required to be made at the pole or centre
of projeétion, cqual to a given angle, this will be effeéted by
drawing two lines from the centre, making the angle required.

A1so, Ifonc great cirgle is to be drawn perpendicular to ano-
ther great circle, it muft be drawn through its pole.

RT. V. T0 project a lefs Circle parallel 12 the Primitive.
- Ruie. With the radius of projection AC ( Fig. 3.) and
centre C, deferibe the primitive circle ADB, and with the radius
CE, cqual to the tangent of the circle’s diftance from its pole,
defcribe the circle EFG for the circle required.
Art. VI. To draw a Ifs Circle
Proeétion.  (Lig. 06.)

Rure. Through the centre of projetion C, draw its parallel
oreat circle TI 5 take the tangent of the circle’s diftance trom 1ts
parallel great circle, and fet it from C (the centre of projection)
to V, and the fecant thereof from Cto k., “T'hen with the femi-
sranfverfe CV, and focus F, defcribe the hyperbola WVHK,
which will reprefent the given circle.

ArT. VII. To projeét any !#r oblique Cirde gruen.  (Fig. 7.)

Rure. Having drawn the linc of meafures #p, take the tan-
gcents of the circles neareft and farthelt diftance from the pole of
nrojetion, and fet from C to fand 4, which will give the vertices,

and bife& 4f in H. Take half the difference or half the fum of

the fecants of the greateft and leaft diftances from the pole of pro-
je&ion, and fet from H to K or %, for the focus of the ellipfis or
hyperbola, which may then be deferibed 5 and it will reprefent the
oiven circle,

ArT. VIII. T find the Pol: of any Circle in the Projeciion, DMEF.
| (Fig. 8.) -

RuLe. From the centre of projeétion C draw the radius of
projetion C A perpendicular to the hine of meafures D ¥ ; apply
D C and C F to the tangents, and fet the tangent of balf the dif-
ference of their df:%recs from C to P; if D and F lie on contrary
fides of C; but, balf the fum, if on the fame fide, and it will

rive P, the pole; or by Art. IIL fet off from D to P, the
circle’s diftance from the pole, which will give P as before.

Cor. If it bea great circle as BG (Fig. 9.) draw the linc
of meafures G C and C A perpendicular t6 it, and equal to the
radius of proje€tion; make G A P a right angle, fo will P be

the pole required.
ArT. IX. To meafure any Areh of a lefs Circle; ar to fet any
- Number of Degreas thercon. (Fig. 9.)

Rure, Lect C be the centre of projeétion, 1°n the arch, and
P the polc of the given circle:: algly C P to the tangents, and fet
the tangent of its half from Cto O, and the cotangent of its half
from C to D with the radius G C taken equal 1o the tangent
of the degrees in F P, (the given circle’s diftance from its pole) de-
teribe the circle GSH @ then D/ being drawn through »# or 7 will
cut of H— F »n. Or, O being found as before, ereét O S per-
pendicular to C O3 then through the given point # draw PQ_»,
and the angle Q CH will be cqual Fr: Or, apply CP to the
tangents, and fet the cotangent thercof from C to G, Eredt (38

erpendicular to G C. - Through # draw P B; and join B O,
o will the angle GO B == I ».

Cor. If the lefs circle be perpendicular to the plane of pro-
ieétion as VK K (Fg. 6.)it is only drawing the perpendiculars
VG, HG, to its parallel great circle C I and C & (meafured
by Arv, I11.) will be equal to V H § or the degrees fet from C
to G, will cut off VI cqual thereto,

An EKExAMPLE ﬂluﬂrming the foregoing RulL s,
Let it be required to project the Spheve on a Plane parallel to the

FHorizon, {br uly 31, 1987, at voin the Morning, Lat. 351 V.

Fig, 10, .

'\(Ni{rll the radius of proje&ion and centre C deferibe the pri-
mitive circle A D B, "Uhrough C draw the meridian P 1, and
A S perpendicular to it for the prime Vertical, Set oll’ CP =
25 1, the latitude, fo will P be the north pole,  Draw I p perpen-
dicular to C 12, for the 6 o'clock meridan,  Set the m-lluhunl::
from Cto E, and draw E Q_ perpendicular to CJ5 for the equi-
no&ial. Make ¥ Be= 30" Sur two hours the time from noon)
antd draw the 10 o'clock meridian P B, Set the [on's declination

18° 27’ rom B to ©, then will @ be the fun's place at 1o o'clock.

Through @ draw the azimuth ci.cle CQ. ‘Alfo thrpﬁgﬁ (:_-) may

be drawn (by ArT. VIL)} a parallel to the cquino&ial -E Q_for

the fun’s parallel of declination. .
C O meafured by ArT, 111, =31° %, the complement of the
@'s altitude ; and the angle E C'® meafured by ArT. 1V, =
65°, 10', his azimuth. ;
In like manner may be drawn any other circles of the fphere,
and the places of moon, ftars, and planets exhibited,

PART II. SECT. III. .

THE PRACTICE OF DRAWING VARIOUS SORTS

This I fhall endeavour to methodize, by reducing the different
kinds to three clafles, for all dial planes are either parallel, perpen-
dicular, or inclining to the horizon,

DecFiniTIONS,

1{t. Dial Planes, are thofe on which dials are or may be
deferibed. o

2d. The Densmination of any Dial, is taken from that greatcircle
of the fphere, to which the dial plane is parallel.

2d. Declination of a Plane, 1s an arch of the horizon, containcd
between the plane and the prime vertical,” or between the nreridian
and a plane perpendicular to the dial plane, and is always reckoned
from the South or North, |

4th. Reclination of a Plane, 1s the angle which it ‘makes with
a vertical planc,

gth. Inclination ¢f a Plane, is the angle which it makes with
the horizon, |

6th. The Centre of a Dial, is the point where all the hour lines

perpendicular to the Plane of | meet, or to which they tend.

2th, The Style or Gnomen of a Dial, is a pin, or picce of me-
tal or wood, &c. raifed perpendicular to the plane of the dial, the
fhadow of which, as an index, points out the hour of the day.

8th. The Subtile, is the line on which the flile is ereéted. 2I'his
always patles through the centre of the dial. '

gth. The Stiles Height, is the angle which the upper edge
thereof makes with the fubftile; but this is to be underitood when
thé ftile is in the form of a triangle, and then the angular point.
is at the centré of the dial, If the flile is a pin, the length there-
of is the height, If the ftile is a paraliclogram, the centre is at
anl infinite diftance. - ) ‘

soth, The Subftiles Diftance from the Meridian, is the angle
which' it makes with the 12 o'clock line, . |

1xth. Meridian of the Plane, is the meridian perpendicular to
the plane of the dial ; it is the fame as the f{ubftile ; but the me-
ridian of the place is perpendicular to the horizon.

. 12th. The Height of the Meridian, is an arch of the great circle,
or dial plane, comprchended between the horizon and meridian
of the place. -

- 13th. Plane’s Difference of the Longitude, is the angle on the
fphere, contained between the meridian of the place, and the
meridian of the plane, This is alfo called the Fuclination of
Meridians., . -

14th. Hour Arch, is an arch of the Equinoétial anfivering to the
time, or the angle at the Pole, thus 15°=—1 hour, 30°=—=2 hours,
45°=13 hours, &c. This takes its beginning at the fubihile,

15th. Hour Angle, is the angle which any hour line makes
with the Jubftile, -

16th. Horizontal Line, in any dial, is a line drawn parallel to the

‘plane of the horizon, and is made by the horizontal plane’s cutting

the dial-plane, and pafling through that point of the flile whofe
thadow thews the hours, , o
17th. The Lquinoétial Line, 1s made by the interfeétion of the
plune of the Equinoétial and Dial Planc,
x8th, An Azimuth Line, is the Interfe@ion of an Azimuth

¥ ’ ’ . L] L ™
with the dial plane; and fo for other lines’ of  the like kind.

19th. Z0e Gontingent Line, is a line drawn through thie foot of
the ftile perpendicular to the tubtlile. It ferves inftead of the cqui-
noctial for finding the hour points, throngh which the hour lines
are to be drawn, - When the contingent doces not pafs throngh the
foot of the ftile it reprefents the equinoétial,

SECT. 1V,
PROPOSITIONS,

M, Lmer{on has demonftrated the following Propofitions ref~
pelling dials.

Provosirron I, If a right line be fixed any where upon the
L‘:I!‘lh, p:u'allcl‘lu the earth’saxis, the fhadow thereof by t‘u: (1n,
will move uniformly about it, deleribing equal angles in cqual
times.

2d. If aline be elevkted above a planc and fixed there, its (ha-

dow will be the fame at the fame moment of time, in whatever

part of the carth it s placed, provided it be in a parallel fitnation.
?cl. Hence o dinl removed from its true fitnation to any other
and placed in a fituation quite parallel, will, when the fun fhines,
ahways fhew what a clock itisat the place it came from.
4th. In every dial that has a flile, the cdge of it that gives the
Madow mufl always be parallel to the earth’s axis, and point di-
reftly to the two poles,
5the Inany dual, the angle of the flile’s height above the fub.-
(tile 13 cqual to the height of the pole above the plane of the dixl,
Oth, The
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DIALLING. .

6th. The interfeétion of the meridian of the place and the
planc of the dial is always the hour line of 12 o'clock; and all
the other hour lines are the interfections of the feveral mertdians
or hour circles, with the plane of the dial, all patiing through
the thile,

athe In a dial with a centre, if the hour lines be produced
through the centre, fo astoappear on the othier ide ot the planc
and it the flile be alfo produced through the plane, there will bea
dial formed on the other fide of the plane, in which the fame
lines produced refer to the fame hours.

Sth. In all upright dials the hour line of 12 1s perpendicular to
the horizon.

gth. Ina direét eatt or welt reclining dial the hour line of 12
is parallel to the horizon,

1oth. If any creét declining dial be removed along the planc
of its great circle, till its difference of longitude be cqual to the
planes ditterence of lopgitude or inclination of mernidians, it
will Decome a full fouth or north ereét dial.

rrth. A reclining eaft or weft dial plane, will be an upright
plane undcer the fame meridian at go® diftance, and in a parallel

{ituation,
SECT. V.
DIALS PARALLEL TO THE HORIZON.

Under this defeription are thofe dials that are termed horizontal,
their plancs being uimys fixed parallel to the horizon, through
which, if obilacles do not intervene, the fun thines upon them on
cach day of the year from his rifing to his {etting, whatever may
be the latitude  of the place, which is not the cale with any other
kind of dials; and therefore this fort of all others is of .the moft
general ufe.

Arr. X, Toeonflirad? an harizontal Dial for any given Latitude.

ift. GeomMmerricarry. Take any Pointas P (Fig. 11.) for
the centre, through P draw the meridian DIC; at P make the
angle DPR cqual to the latitude.  Draw a line parallel to DE,
at 2 diflance equal to the perpendicular height of the flile, cut-
ting PR in I, fo will FC be the height, and C the {oot of the
flile. Draw I'G perpendicular to FP.  Through G draw the
contingent line AGB perpendicular to DE, which 1 this cafe re-
prefents the equinochial. — Let G g be the thicknels of the {lile,
and draw Jdge parallel to DGE.  [rom G take GI, the nezareft
diffance to PR, and fet from G to D, and from g to ¢; and from
the centres G and g with any radius deferibe two quadrants, and
divide cach into {ix equal parts, or hours. "I'hrough the points of
divifion draw lines from the centres D and 4, interfeéting AB in
the hour points m, m3 n, 1, &c. then from the centres I and p
draw lines through the points s, #, &c. and they will be the hour
lines, which may be circumfcribed either by a circle, fquare, or any
other figure, at the plealure of the artift.  "The 6 o'clock hour line
is drmwn parallel to AB, and the hours before and after 6 arc had b
producing the oppofite hour lines through the centre.—Alfo PFC
will be the form of the ftile which may be longer at pleafure, by
producing FP.—'T'he ftile mult be placed perpendicular to the dial
plane, onc cdge thercof being on PG, and the other onpg; fo
will the upper edge fhew the thadow.

I1f no fpace is allowed for the thicknefsof the ftile, thelines'DP
and & p, will coincide; D and & will be onc point, as alfo P and p,
The two quadrants will fall into one¢ {emicircle, and the hour lines
will all iflue from onc point.  But if the dial is thus conftruéted,
the flile muft be made either exceeding thin {o as to occupy no fen-
fible {pace, or the upper edge thercof mufl be made ftharp, and the
ftile {o fixed, that fuch edge may be exadtly perpendicular to the
{ubltile,

Inflead of the triangular gromon PFC, there may be a perpen-
dicular pin, as IC, and then the fhadce of the top I¥, will fhew the
hour ; or the {lile may be a plate of any form, with a hole i it, at
I, perpendicularto €, for the fun to thine through.

It half hours, or quarters, or {lill {maller meafures of time are
to be thewn by the dial, then cevery hour in cach quadrant mefl be
divided into fo many cqual‘parts asare the number of fuch mea-
fures in an houry and hnes mult be drawn from the centres 12 and
o interfeéting AB, and then lines drawn through {uch interfeétions
from > and p asbefore. To fave trouble, after the hour lines
are drawn on one fide of the dial, they may be transferred to the
other fide. The hours on the Iiaft fide muft be numbered 1, 2,
2, &c. from PD or XII, for the afternoon hours : and thofe on
the Well fide muft be numbered 11, 10, 9, &, for the forcnoon
hours,

2d. By CALCULATION OF THE PLAIN SCALE.— [he La-
titude of the place being given, the :mlr requiifites to be foundare
the hour angles, whicﬁl are had by the {ollowing  proportion,
As radiug ¢ line of latitude @ tangent of  hour-areh @ tangrent
of hour angle,

‘T'he hour arches are had by allowing 15° for cach hour ; 71°
for hall” an hour, 3" 4§’ fora guarter ot an hour, &c. Hee Dirt-
NITION XV,

In thelatitude of London == §1° 32/, the hour angle anfiver-
ing to the fpace of 1 honr == 11 5175 for two hoors == 24
19" {or 3 homs == 38" .5 for [our ‘llljlllhﬂ 53”30 for § hours
== 71" O'; aml for O hours (i all latitudes) go®,

I hiele being known, Gike any point P for the centre, and diaw

"

PD for the mer:dian,  Take P p==to the thicknefs of the flile,
and draw p o parallel to P Blake the angles DP X1, and «/p
cach == 11° g1/, for the hoor hees off X1 and T the angles
DPX, and « p 111, each =24 9g', for the hour lnes o1 X
and I, "Theangles DP IX, and o p 11 = 38° 4/, for the hour
lines of IX and 111, and {o for the rett. — Alfo the angles for the
half hours, and quarters of hours, mufl be found by the foregoing
proportion, and then Inid down as above, — It finaller divifions
than quarters of hours are required, it will generally be ncarcenough,
after the quartersare drawn, to divide them into as many cequal
parts as you pleafe, without further trouble of calculation,
Laftly, make the angle DPR == to the latitude for the ftile or

| gnowon.

I have been the more copious in explaining this Dial, that what
follows may be the clearer underfiood.

SECT. VI .

DIALS PERPENDICULAR TO THE HORIZON.

Under this defeription are all dials, whole planes are vertis
cal. — T'hefe may be diftinguithed into two kmds, viz. dired?,
and declining. — A dire@ dial is one thatis drawn on a plane,
facing cither the Eaft, Wett, North, or South; and fuch a dial
is accordingly named, an Eaft Dial, a Wit Dial, a North Dial,
or a South Dial,

The IZait and Weft Dials are parallel to, orin the planc of the
meridian, and the North and South Dials are parallel to or in the
planc of the prime vertical.

A Declining Dial is one that faces nonc of the cardinal points,
but declines towards the Eaft or Weft, — They come under thefe
our denominations, viz. A South-calt Decliner, a South-welt De-
chiner, a North-cait Decliner, and a North-weft Decliner.

Avr. XI. To confiruét Dials perpendicular to the Horizon.
Case 1. To dratv a direét Dial, as for Inflance, an cref
direcl Ssuth Dial.

1t. GromerricarLy, Take the Point P ([Fig. 12.) near
the top of the plane for the centre of the dial; through P,
draw the meridian PIC; at PP make the angle EPR equal to the
complement of the latitude.  I'ake any point Gin the line PE,
and draw GUI° perpendicular to PR and IFC perpendicular to
GP, and C will be the foot of the ftile.  Through G, draw the
contingent line AB, perpendicular to PE, repreflenting the equi-
noctial, — Take G g cqual to the thicknefs of the {tile, and dravr
7 & q parallel 1o PGE. — Make GD and g ¢ = GF, and from
the centres D and ¢ with any radius defcribe two quadrants LG
and Mg. Divide cach quadrant into {ix equal parts or houre.
From thecentres D ¢ draw lines through the points of divifion,
cutting AB in the hour points m, my and n, #, &c. ‘Then lines
drawn through the centres P and p, through all the points m, », &c.
will be the hour lines, The half hours, &c. arc drawn in the
{ame manner. A perpendicular pin FC, or, which is better, the
triangle RPG will be the ftile, which muft be fet perpendicular
upon the hourlinesof XI1I, PG, andpg; the ftile PR pointing
downwards towards the South pole.

When the lines do not interfect within the plane, as at the
firft divifion towards I and M, bife€t the linc g g in o, and
draw ¢ parallel to AB, cutting geinc . through ¢ drawe b «
parallel to p ¢, and fet off b @ == half gp drawing p a for the hour
line.

N. B. The forenoon hours are on the left hand, the afternoon
hours on the right.

2d. BY CALCULATION AND THE SCALE.-— The propor-
tion for finding the hour angle in this cafe is. As radius: co-
finc of latitude ;. tangent of hour arch : tangent of hour
angle, — In the latitude of London the hour angles for 11 and
1159° 28’5 for1oand 2 =19°% 45'; for 3, and 9 =— 31° §3%;
for 4. and b =47° §'; for g and 7 == 66° 42/, and for 0 (as ufual
=—go". Alfo for the half hour, beloreand palt 12 == 4° 41’3 for
halt paft 1o, and half paft 1 == 14° 27%'; for half paft g and
half paft 3 == 2¢° 31’ &c. — L'hele being known:

Take any point P near the top of the plane for the centre of
the dialy draw the meridian or 12 o'clock line PLE, and pe pa.
ralicl to it ata diflance equal to the thicknefs of the flile, itly
the radius of 60° from a linc of chords deferibe two  quadrants
fiom the centres I and py fet off the feveral hour angles, both
ways from the lines PIL and p ¢, uponthe quadrants, viz. g° 28
for 1y and 13 19 4.¢' for roand 2, &c.  “Through the points thuy
given draw lines from the centres P py for the hour lines.

Laftly, Muake the angle IWPR == the complement of the latis
tude for the flile to be fet upright upon the hour 12,

Casu I, To conftrudt a Divedt North Didl,

The north plane lying i the fume azimuth with the fouth,
but with its face the oppolite way, will have the famce hour angles ay
a fouth plane, only the mendian in this will veprefent the midni e
hour inftetd of noony and the hours about 1t, 11, 1o, g, and 1,
2, 3, e (nite ufelefs, becanfe the founin has greatefl north decli-
nation rifes but about a quarter before qoand fets ot quarter palt
B, — Alfo the fim cannot fhie upon thispline losger than 21
minutes paft 7 0 the morsingg nor fooner than 20 minutes befose
& at nieht,

'To male dhis dind, 18 Dur to turn the fouth dial uplide down,
and leave out all the fuperfluous Liours between 5 aud 7, and .1i

NI




DIALLING.

and 8 ;3 and the dial will be complete.  There is no reafon there-
forc why this fhould be deemed a different kind of dial to the
former, fecing {hat they both agrce in the height of the flile and

hour angles. . | ,
N. B. Thofe hours to the welt are the morning hours, and

thofe ta the eaft the evening hours.
Case llI. 7o draw a direét Eafi Dial. (Iig. 13.)
A direct caft dial is drawn upon the plane of the meridian fac-
ing the eaft. The fun only flunes on this plane from his rifing

. till noon. .
On the cafltern fide of the

linc AB parallel to the horizon, and to this join AK, making
with it an angle KAB, cqual to the clevation of the cquator:
then, with the radius DE, defcnibe a circle, and through the cen-
tre D draw EC perpendicular to AK, by which means the cir-
cle will be divided into four quadrants:  Each of thefe quadrants
fubdivide into fix equal parts. And from the centre D through
.the ‘feveral divifions draw the right lines D1V, DV, D VI,
DVIL, DVIII, DIX, DX, DXI. Laflly, in D cret a
ftyle cqual to the radius D E, perpendicular to the plane; or, on
two little picces perpendicularly fixed in EC, and equal to the
{fame radius DE, ht an iron rod, pnrnllel to ILC.

Thus will each index at the feveral hours projet a fhadow to

the refpeétive hour lines IV IV, V V, VI VI, &c.
By Culeulation and the Secale.

Firlt find the diftance of the hour lines from 6 o’clock, by this
proportion.  As radius is to the height of the flile in inches, fo
is the tangent of the hour arch from 6, to the diftance of fuch
hour from the 6 o'clock line.

N. B. 1f you would have the dial plate jult to include the
11 o'clock hour, then the height of the ftile muft be found by
this proportion, As radius is to the length X1 E, (o ts the tan-
gent of 15° to the height of the thile.

Suppolc the length of the {tile to be three inches, then the hour
diftances from VI will be as follow, viz. The diftance of V and
ViI. £ inch; of 1V and VIII, 1.73 inches; of 111 and IX —=
2 inches, the height of the ftile; ot X, 5.2 inclics; of XI, 11.2
inches. ]

Thefe being known, and AB and AK being drawn as before,
‘and DC for the 6 o'clock hour line, fet off the feveral diflances
above {pecified, and they will give the hour lincs; alfo 1DC s the
height of the flile, which may either be 2 perpendicular pin or a
parallelogram of that height. ' .

N. B. The ftile muft cither be made cxceeding thin on the
top part, or a {pace muft be left for the thicknefs thercof as has
been before fhewn, and this obfervation is applicable to any

other dial.

Cast IV. To draw a direél 17l Dial.

A dire@ welt dial, is one defcribed on the wellern {ide of the
meridian. The conftruétion of this dial is pertetly the fame as
that of an caft dial, only that its fituation is inverted.,  1f you
look on the back fide of the paper on which an caft dial 1s drawn,
and hold it to the light, you will fee the true figure of a weft diatl

through the paper. ‘
Arr. XI1. T draw ercél declining Dials.
Caste 1. Todraw an ereft Ssuth declining Dial.

GroMETRICALLY. Let the dial decline to the weft 36°, and
lct the latitude of the place be §.4.°1.

Take the point C, ( Figure 14.) about the middle of the
plane for the foot of the {tile, throngh which draw the horizon-
tal linc AB, and make CF perpendicular to it, and equal to the
perpendicular height of the ftile.  Make the angle CI'Z cquul
to the declination (36¢) to the right hand if it decline caft 5 or to
the lefr if welt, as in this cafe, cutting the horizontal hne m 7.
Through Z draw PZE perpendicutar to AB for the meridiun,
Take 2.1 and fet it from Z to X, in the line AB,  Make /72X P
— lntitude (54}) cuttng the mevidian in P, the, centre of the
dial. Through C and P draw PCD for the fubihile.  Alfo throngh
C draw QQ pernendicular to PD, entting the meridian in N, tor
the contingent line,  In CQ _nuke CT cqual to CIYy and drinw
PT. Take the neareft diftance from C o P, and fet it from
C to D, in the line P, and draw DN, With the centre 1D and
any radius as DC, deferibe the femicirele SCW. - Divide the
femicirele into parts of 15 for hours, Throvgh thefe points
draw lines from the centre 1) interfe@ing the equinoctial Q€Q_
the hour points X1, X1I, I, 11, 11I. I‘vrom I?, the centre of the
dial, draw Tines throngh the hour points, as P XT, P XL, P I, P
P I, &c. for the hour lines, ”"Fhe flile may be cither the per-
pendicnlar pin FC, or the triangle PCT et upright on the {ub-
thile ’C.

By Calevlation and the Scale,

Here there are given the latitnde == 54"}, and the dechnation
of the plane == 36" to find fiefl the fubflile's ditance, from
X113 2d, the height of the pole above the plane; and 3d, the
plane’s difference of longitude. |

I. IForthe diftance of the fubllile, the proportion is, as radios
¢ fine declination (36°) 10 cotangent Intitude (54°3)
fubfiile's diftanee, which in this cale == 22° 45’

11, Lor the poles height,  As radius ¢ coline of declination |

! :

{tile’s hel %-ht.

plane of the meridian draw a right

tangent of |

cofine of latitudé : finc of the ilgi;gllt ot:tllc pqle, == 28° 1/ ==

II1. For the plane’s difference of longitude.  As finc Tatitude

: radius ; tangent of declination : tangent of differcnce of longi-
!

tude=41° 4% .

Now the hour arches before 12 are found by adding continually
15 to 41° 45', the difference of longitude ; but after 12, by con=
tinually fubtra&ling 15°% till you come.to the {ubftile ; beyond
which 15° muft be contipually added to the remainder of the
hour in which the fubftile falls, -

If you calculate for quarters, you muft add and fubtradt 3°45'
continually. The hour arches being thus determined, the hour
angles are had by the following analogy.

As radhus : fine of ftile’s height : : tangent of hour arch : tan-
gent gf hour angle, “1'hc hour arches and angles in this cafe are
as under:

. Hour Hour

o | R, | [ Hove | e, | A

| I}“'{( 80° 45’ | 83° 6 [] Subnile ¢ ‘. o
? L 4‘5 54 55 III 15 1 2

21 56 45 [ 35 37 1V 131; 15 8 29
XIL | 41 45 | 22 45 V |33 15[ 17 7
1 26 45 I3 19 VI 45 15 n 45

11 11 45 Vi1l 63 ¥ 42 59
_LSubltilc | VIII = &5 66 v

The above requifites being found, take P near the top for the
centre of the dial, and draw the meridian PE. Make the anele
IKPC ==22° 45, the fubflile’s diflance, on the right hand, the
declination being weft 5 and draw the {ubftile line 1§CD. Mzke
the Four angles from the {ubftile, according to the diftances in the
table, viz. CP I1X=83°6'; CP X —354°55": CP XI = 125,
37, &c¢.  And thus the hour lines will be formed. Then make
the angle CPN ==25° 1' {or the {tile, '

ScroriuM. The conftrution would be cqually cafy if the
dial declined as much caftward ; only the forenoon hours, as here
deferibed, would become the afternoon hours on the oppofite fide
of the dial, and vice verfa ; and the fubftile which is now p]:u:cd'
3° 14’ before the afternoon hour line of 3, would in that cafe be
placed 3° 1§’ before the morning hour line of g. Alfo in finding the
hour arches, inflead of adding or fubtracting as in the Iaft e}?am—
ple, the proce{s mult here be reverfed, ufing fubtra&ion in licu of
addition, and addition in the room of fubtra&ion.

‘ Case 11, 7o draw an ere? Norih declining Didl.

"This is done by making a fouth declining dial, whofe declination
15 the fame and lies the {fame way ; for this turned upfide down
will be 2 north declining dial, provided the hours be numbered the
contrary way. Thus fora north eaft decliner make a fouth caft.
declinery for a north welt decliner miake a fouth weft decliner.
I"he hours before fun rife, and fun fet muft be left out. And in
drawing the dial the centre H mufl be taken about the middle of
the plane, becaufe fome hours are required here that are not in the
fouth decliner, but thefe will be had by preducing the other hour
lines through the centre, “

SECT. VII |
DIALS INCLINING TO THE HORIZON.

Under this defcription are all dials whofe planes are neither
horizontal nor vertical, but make with the horizon oblique angles.
I{ the El:lnr: of the dial lean forward it 1s ufually called an incliner;
i" backward, a rechiner. Alfo of cach of thefe there are two
liinds, viz. direft mncliners or recliners; and declining incliners
or rechiners.

Anr. XIII.

Case 1. Todraw a Dial on a plane Parallel to the lquinedtial, or
what is wfually called an Equinsétial Lial,

The planc of this dial reclines from the zenith towards the
north in an angle equal to the latitude of the pliace, and at the
poles it beconmes an horizontal dial. . Wherefore it is only mak-
ing an horizontal dial by Arrrcre I, for the latitude of go®.
In this dial howaver the hour arches, being equal to the hour an-
gles, which are each == 15 the dial will be conflrudled by divid-
ing a circle into 24 cqual parts, for hour lines, and placing
perpendicular {lile of any length in the centre.

‘I"he flile mufl cither be a circular pin, of an exceeding fmall
diameter 3 or otherwife an allowance muft be made for the die
meter, by tlul“urihin[i{ a fmall concentric circle of like radiue, and
draveitfe a tangent thereto parallel to the meridian of the plane,
for the 12 o'clock hour ling, and then the outer cirele beinz di-
vided into parts of 15° cach, commencing from the hour line of
12, lines muft be drawn from each part, 10 the onter edge of thic
concentric cirele, fo as to form tangents thereto inclining on cach
fide to the 12 o’clock hour line, and to one another, which will
be the hour lines required, )

N, B. If'the dial s conflruded on the fouth fide of the plane,
there mult be honr lines from 610 6 5 but if 1t is drawn on the

notth fide, there need be only the morning and evennig hour
lines,

To dratw a direfl inclining or reclining Dial.
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lincs, viz, from the time of funrifc {on the longell day) till 6 ; and
and from 6 till the time of the fun’s fetting, The fun never
jhines on this fide of the plane, but when he is in north de-

clination,

Case II. T2 draw a Dial for any Latitude on a Plane, paffing
through the Poles of the IVorld, and through the Eaft and IFe/i
Points of the Horizen, or which is the fame, an borizontal Dial
under the Equinaéiial, ufually called a Polar Dial,

By ArT. X. draw an horizontal dial for o° latitude’: or by
ArT. XI. an erett fouth dial for the latitude of go®; or, 1sthe
dire@ions in thofe articles are not fo well adapted to the prefent
cafe, proceed as follows :

By Calewlation and the Scale.—As radius is to the ftile’s height,
fo is the tangent of the hour arch, viz. 15°, 30° 40° &c¢. to the
diftance of the hour from the 12 o'clock line. "T'hen thofe dif-
tances fet off on both fides (Fig. 15.) from XII, and C, on
the lines AB, and DE, drawn parallel to each other and perpen-
dicukar to XI1I, will give thé hour points, and joining 1, 13
11, 2; III,3; &c. and XI, 113 X, 10; IX, g; &c. they will
be the hour lines required; the former being the cvening hours,
and the Iatter the morning hours.

N. B. This dial reclines from the zenith towards the north in

an angle, cqual to the co-latitude.

Case I11. Todraw a Dial upon a direlt South reclining Plane ;
or upon a direlt North inclining me 5 whatcver may be the Kecli-

narion cr Inclination,

1ft. If it reclines, and the reclination 1s lefs than the co-
tatitude, add the reclination to the latitude, and the fum will be
the latitude, where the faid dial will become an ereét South dial,
which may therefore be conftructed by ArTicLE 11,

2d.
the co-latitude " from the reclination, and the remainder will be

the latitude, where the dial will be horizontaf, which may be made
by ArTiCcLE I.

3d. For a North inclining dial, make a dial for the South
reclining circle of the plane; then the fame turned up-fide down,
will be a dial for the I\rnrth inclining planc; obferving to number
the hours the contrary way from the 12 o’clogk hour line,

Case 1V. o make a diret Nerth reclining Dial, or a diref
South inclining one, whatcver may be the Reclination or Inclination.

1ft. If the plane reclines, and the reclination 1s lefs than the
latitude, fubtract the rcclination from the latitude, and the re-
mainder will be the latitude where it will become a direft fouth
dial, to be conftru&edby ArT. XI. or add the reclination to the
colatitude, and the fum will be the Iatitude, where 1t will be an

" horizontal dial, to be made by ARTICLE X.

2d. If the réclination is greater than the Iatitude, add the com-
plement thercof to the latitude, and the fum is the Ilatitude for
which an horizontal dial muft be made by Ar7IcLE X,

2d. In fouth inclining planes, (by ArT. X1.) make a direct
fouth dial, for a latitude which i1s.cqual to the difference between
the given latitude and proclination. If the proclination be
greater than the latitude, the dial will belong to fonth latitude,
and mufl be made by Arr. X. but the angle of the {tile will he
the contrary way upon the meridian. A north rechining dial,
becomes a fouth inclining one when turned upfide down.

Case V. To make an Inclining or Keclining Eafl Dial,

By CALCULATION AND THE ScALL.— The requifites to
be found are, 1ft. The height of the pole above the plane,  2d,
The fubftile’s diftance from 12 o'clock. 2d. The plance’s difference
of longitude, for which we have the following proportions,—tfl.
As radius ; cofine of reclination ﬂm‘ prociination) ¢ tangent of
Iatitude 2 tangent of the fubftile’s diftance from 12 o'clock, running
upwards towards the north, or downwards towards the fouth,—2d.
As radivs @ fine of latitude : ¢ fine of reclination (or proclination)
: finc of ftile's height.—=3d, As radius : cofine of ltitude : ;
tangent of reclination, &c. : cotangent of the pline's difference
of Jongitude. To find the hour angles, the analogy is as radius
finc of ftile’s height = @ tangent of the honr arch from the fubltile
: tangent of the hour angle.  The hour.arches are found by con-
tinunally adding and fubtradting 15° to and tfrom the planc’s dii-
ference of longitude; the faid difference of longitude being onc
of the hour arches,

Let the Iat, be §4°%, and ghe reclination 212, then the fubflile’s
diflance will be g2° 37'; the flile's height 16° 5875 and the plane’s
difference of longitude 77¢ 26, Alfo the hour arches and hour
angles are ns below, |

il Lo ( Houwr | Hour
"""”I J\Ill]llllf'i An;:lll:fq , Hours I A[*_:i_}llé_:_ﬂ_ AIIT;!I;:L
3 |.57° 34 | 24" 40 || B 17 20/ 5" 14
4. 42 34 Iﬁ o y 22 20 10 30
3| 27 34 40 || 10 | 47 20 | 17 37
12 34 3 43 || 11 hb2 20 20 12
Subitile l 12 77 20 5% 37
7 2 20 0 43
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If the reclination be greater than the co-latitude, fubtraét .

coming under the foregoing heads,

The requifites being found, draw PI (Fip. 16.) parallel
to the horizon at the bottom of the plane, for the 12 o'clock
line; or at the top of the plane if it inclines, in which take any
Ruint, as P, for the centre of the dial, toward the left hand.

Take the angle IPV on the right hand == fubftile’s diftance from
the meridian (== 52° 37') and draw the fubftile PV, Muke the
angle VPT == (hlc’s height — 10° 58, and draw theftile PT.
Muake the hoirr angles on cach fide of the {ubftile according to
their proper quantities, as found above, and the feveral lines will

be the hour hines required.

Case VI. o make an inclining or veclining IFeff Dial.

T his is made as is the caft incliner, &c. only the angle PGH,
which 15 equal to the co-latitude muft be taken on the right hand
for a weft recliner, but to the left hand for an eaft recliner § and
the meridian PI will be at the bottom of the plane, if it reclines g
but at the top if itinclines., The hours alfo muft be reckoned the
contrary way in a welt recliner.  N. B. The back fide of an eaft
incliner, &c¢. makes a weft recliner, &c.

ArT, X1IV. Todraw a Decliming, Inclining, or Reclining Dial,

Case L. Let it be required to draw a Ssuth declining reclining Dial,
viz, one whafe plane declines weflward 25°, and reclines 15°, 4
latitude 54. %,

By CaLcurLaTion AND THE ScaLg.—The requifites to be
found, are 1ft, the height of the meridian § 2d, the height of the
pole above the plane ; 3d, the diltance of the fubitile from the hour
hincof 12; and 4th, the plane's difference of longitude.

1{t. As fine of reclination : radius :: cotangent declination :
tangent of height of the meridian, 2d. As radius : cofine
declination :: cotangent of the reclination : tangent of an
arch, A ; take the difference between A, and the latitude,
which call B, If Ais lefs than the latitude, your pole is cle-
vated ; if greater, the oppofite pole 1s clevated. —Then as the
cotangent of B : cofine of rechnation : : fine of declination : tan-
gent of the fubftile’s diftance from 12. N.B. The {ubftile runs
upwards towards the north in reclining South plane 5 and their op-
pofitec incliners, 23d, As colinc of lubftile’s. difiance : cofine of
B : : radius : fine of ftile’s height ; and 4th, As finc of B : radius
: + finc of fubftile’s diftance : {ine of planc’s difference of longitude.
T'he plane’s difference of longitude will be the hour arch of 12,
and the reft of the hour arches will be had by adding thercto and
{ubtraéting therefrom 15° 309 45°, &c. and then the hour angles
will be found thus. As radius : fine of ftile’s height : : tangent of
hour arch : tangent of hour angle. *

In this example the height of the meridian is 83°, 9'; the fub-
fiile’s diftance 8°, 1’; "the ftile’s height 17°, 1¢’, and the plane’s
difference of longitude, 25°, 19" he hour arches and angles
alfo are as under., -

Hour ttour Hour Hou

Hours Arches __Angles ” Hours , Arches Angl:s
T AT | 80 38 || | Sl (e T
6 04 41 32 1I . 10 19 3 7
5 49 4I 19 20 1 &) 25 19 8 1
4. 34 4T 11 38 Ir 40 1Q 14 II
3 19 4T 6 3 10 55 19 | 23 16
2 4 4t L 29 21 7o 19| 39 46
Subftile 85 19 | 74 37

T'hefe being known, the conftruclion is as follows, draw the
horizontal line 4 H (Fig. 17.) ncar the bottom of the plane,
in which take a point H, to the right, if the declination be
welt, but to the left if the declination be eafl. Draw the line ZH,
making the angle A HZ =83, the height of the meridian for the
12 o’clock line. ‘Take any poimnt P near the top, when A s greater
than the latitude, otherwite near the bottom, and draw the fabitile
PV (to the right for wefl declination) making the angle HIPV
— 80 ¢/ the fubfile’s diftance.  From P draw the hour lines,
making angles with the fubflile at Py according to the efpective
haur angle as above found, for the feveral hour lines required.
Alfo draw DT, making the angle VIP'I' =17° ¢', the flile's
height, fo will P'I'C be the flile or gnomon,

Case II. o draiv a North declinng, reclining, or inclining Dial.

North declining reclining dials may be made, as deferibed in
the fafl eafe; for a fouth-well recliner turned uplide dpwn becomes
a northewell fneliner 3 and a fouth-call recliner torned uplide doswn,
hecomes a north-caft feelimer, and vice verla ;s the quantities of the
declination and inclination renaining the fame 5 but the hours
mull be numbered the contrary way.

Alfo if a dial be tarned opfide, the backfide thereof (fuppofing
the hour lines, &c. to appear thtough the plane) will be 1ts oppo-
lite incliner,

Having treated on all the various kinds of dials that come under
a methodieal defeription of dial planes, T thall add foine ul-ful
Articles, with another cafe or two ol Dialling, not properly
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DIALLING.

SECT. VIII.
USEFUL ARTICLES, &c.

Arrt. XV. Having the Situation of any direét South inclining Dial
Plane, to find the Hour of the Day when the Sun leaves the North

Side t2 fhine on the Sauth Side theresf.

Say, asradius : tangent of fun’s declination : : tangent of the
height of the pole above the planc : cofine of the hour angle at the
pole from noon which reduced into time (by allowing 15° to an
hour) (hews how long before or after noon, the fun begins to thine

on the South fide.

ArT. XVI. To find the Hour of the Day when the Sun leaves
one Side of a Vertical declining Plane ts fbine on the other.

Find the time from noon (by the Iaft Article) when the fun
lcaves one fide of a dire€t north or, fouth plane to thine on the
other ; then, if the plane declines caft, to the time fo found, add
the plane’s'difference of longitude in time,and'the fum will be the
diftance of time beltore noon, when the {fun leaves the north {ide,
Alfo (ubtraét the plane’s diffcrence of longitude from the time
found, and you wil[; have the time of leaving the South fide.—But
if the planc declines welt, the {aid difference will fhew the diftance
of time before noon, when the fun begins to fhine on the fouth
fide; and the fum will be the time when he leaves the fouth fide.

Arr. XVIL.  To find the Hour of the .Ejay when the Sun gses aﬁ' the
Eaft Side of an Eaft reclining Dial 1o fhine on the J¥cft Side.

Say, as radius : tangent of the fun’s declination :: tangent of
the poles height above the plane, to the cofine of the hour angle
from 12, at the pole, which will be greater than go®, when the
fun's detlination is North.  Then fubtraét the plance’s difference
of longitude from this angle, and the remaining angle, converted
into time, gives the hour after 12 at noon, when the fun leaves the

aft fide.
}
Art., XVIII. To find the Hour on a given Day, when the S

comes on or goes off the South Side of a South reclining Plane, de-

clining alfs Laft or I7efi.

Find the height of the pole above the plane, and the plane’s dif-
ference of longitude; and alfo the hour angle, as if it wasa dire&
South plane, by Article X V. to which add the plane’s difference of
longitude, and it will give the hour angle from noon when the fun
comes upon the given plane, if an Eaft decliner ; alfo from the hour
angle fubtradt the plane’s difference of longitude for the time of
his leaving the plane ; the reveife of thefe cafes will give the hour
angles from noon for an Eaft decliner.

ART.XIX. Heving a North reclining Dial Plane, declining Eaft or
. Hefly 1o find the Hour of any Day when the Sun goes upon the
Narth Stde. .

The hour angle being found, as in the laft Article, the difference
between it and the plane’s longitude redeced to tjme, will fthew the
diftance of time from noon, when the fun comes upon the north
fide of a welt decliner, which 15 before noon, when the plane's
longitude is the greater, otherwife after noon.  The direét con-
trary of this obtains in an Eafl decliner.

CArt. XX, 70 find what Latitade a Dialis made for.

Meafure the angle between 12 and any hour line 5 take the
hour arch belonging to it, and fay, Asthe tangent of the hour
arch : tangent of the hour angle : : radius ¢ fine of latitude in an
horizontal dial, or the cofine of latitude for a dire€t fouth or

north dial,

Art. XX, 70 find the Hour of the Nieht by the Aoon’s Soining
upon a Sun-Lial.

From an ephemeris, or almanack, take the time of the moon's
fouthing. Obferve how many hours, and minutes the fhadow of
the dial wants of 12 o’clock, and fubtraét them from the time of
fouthing for the hour of the night.  But if the fhadow be after 12,
add the faid hours and minutes to the time of her fouthing § re-
je&ing 12, if it exceed, and you will have the hour of the night,

ScuorniuM. In fixing any dial, the three following diretions
muil be obferved,  x{l, That the horizontal line be placed pa-
vallel to the horizon.  2d. That it be placed fo as to have s
proper declination 5 and 3d. "Phat it may allo have its proper de-
aree of reclination or proclination,

Awrr. XXI11. 7o drasw all the Primary Dinls, on the foame Block
or £/l

1. Lt the plane ABCI /Lig. 18.) in the proper pofition ol
the block, be fuppofed horizontaly and thereon deferibe a hori-
zontal dial,

2. Draw the right lines EM and FL parallel 1o DC, which,
accovdingly, in the proper politton of the block, will be parallel
to the horizon ¢ then lew the plane BNMC make an angle with
JEM, cqual to the clevation ot the pole CMIC 5 and thercon de-
{cribe an upper polar dial, |

.7, Lt the oppolite plane, ADE, nuke with KM an angle
DM, cqual tothe clevation of the'equator§ and on this draw an
upper equinoctial dial,

‘moveable at the joint.

4. Let the plane, KLHI, make with FL an angle HLT, cqual
to the clevation of the equator; and on this infcribe a lower cqui-
noétial dial.

5. Let the oppofite plane, FG, make with FL an angle, GFL,
t(chual to the elevation of the pole; and here draw a lower polar

1al. ‘

6. Let the plane MNKL, and the oppofite one EF, be pers
pendicular to IFL ; and on that draw a fouth dial, and on this x
north dial. | '

7. On the plane EMILTF defcribea welt dial ; and on the oppo-

fite planc an eaft dial. 1

If, then, the block be fo placed, as that the plane, MNLK,
looks to the fouth, and the plane of the meridian bifeé&tyit iu the
line of 12 0'clock in the horizontal dial ABCD, and fouth dial
MNKL, all the hours of the day will be indicated by feveral planes
at once. | X

ART.XXI11. To deferibean Univerfal Equinaftial Dial, (Fig. 19.)

Join two metal, or ivory planes, ABCD,and CDEF, fo as tobe
On the upper furface of the plane AECD,
deferibe an upper equinsélial dial, and upon the lower a Jwer,
as alrcady dire€ed; and through the centre I drive a fhile. In
the plane DEFC cut a box, and put a magnetical needle G there-
in: fit on the fame plane a brafs quadrant nicely graduated, and:
patling through a hole cut in the plane ABCD. Now, fince this
may be {o placed, by means of the ncedle, as that the line I 12
fhali bec in the plane of the mendian; and, by imecans of
the quadrant, may be fo raifed, as that the angle BCI® fhall be
equal to the elevation of the equator ; it will ferve as a dial in any
part of the world. When the fun is in the cquator, thele dials
can be of no ufe.

Art. XX1IV. Tsmake a Dial on the Surface of a Sphere. (Iig. 20.)

Let AEBQ_ be a fphere.  Mark two oppofite points therein
for the poles, of which P is one. At an cqual diftance from ‘the
poles deferibe the equinoétial EQ, which divide into 24, equal
parts for hours. Then let the point which is on the meridian
PB be marked with6; and the other hour points as n the
figure, Thofe placed above the equinoétial are the forenocon hours;
and thofc below the equinodtial the afternoon hours.  The globe
mult be fixed {oin the fun that the pole P may be-: clevated above
the horizon, fo that its axis may point directly to the pole, and
the point 6 muft be on the top, fo that the circle P 6 B may be in
the meridian.  Then as the fun conftantly illuminates half the
vlobe, the circle, terminating the enhightened part, will fhew the
hour of the day. And 12 o’clock will be fhewn at two places,

namely, at E and Q.

ArT. XXV. 0 draw a Dial upen the Ceiling of a Room, that
will fhew the Hour Ly Refletion.

Place a fmall picce of a looking glafs exadtly horizontal in a
window, on which the fun fhines, meafure the perpendicular
diftance of the glafs from the ceciling, for.the height of the ilile,
and where the perpendicular cuts the fealing is the foot of the flile.

“Then having the height of the ftile and 1ts foot, make an horizon-

tal dial thereto upon the ceiling by ArT. X. and it is done.

N. B. Inftead of a glafs you may ufe a little water, which, if
a glafs is not perfeétly horizontal, will be more correél ; for water
of itfelf will have its furface horizontal 5 alfo water being always
in motion by the agitation of the air, will caufe the point of re-
fleCtion on the ceiling to be the morc-eafily diftinguithed.  When
a glafs is ufed, the error, if any, in its horizontal pofition, will be
cdoubled by refleétion,

Arrt. XXVI. Todraw Mesidian Lines in a Dial, to fhew twhen
it is Noon, at any particuldy Places on the Larth. (Fig. 21.)

The meridian of any place is eafily drawn in a duad, if the
longitude thereof be known.,  Thus reduce the difference of lon-
gritude between that place and the place for which the dial is made
into time, and reckon fo many hours and minutes from 12 upon
your dial towards the well, it the place lies calt ; or towards the
caft if the place is wefl: then from the point to which they reach,
draw a line to the centeyry and when the fhadow falls upon (el
line, the fun is in the meridian ol the faid place 5 or having the
ditference of longitude, or the hour arch, the hour angle -may be
foud, as has been before {hewn.

In digefling this Treatife, 1 have Jelefted, from the mofl appreyed
authors, every thing that appeared valuable y und nstyvithflanding 1
have fiudicd brevity, have fully enlarged where the fubjett required,
And as a neceffary intvoduction, bavg treated amply an the (oo
Projection.  An this Treatife 1 have confulted warious duthars
the fubjecl, particularly Lmerfony nwor have 1 emitted any thing
theat conld tluflrate the art, have alfo been fludious to feleét thé
befl conflructions and modes of calenlation, and given capiaus deferip-
tiens of thafe Dials svhich are of mf;"/! general ufe s fo that { hace
brought it this compafs a complete Practical Svflem.

ROBLERT ANQOIY).
LExcise Orrice, LoNnbon, .
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