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& ASTRONOMY AND GEOGRAPHY.

- study has been considered as one of the sublimest
efforts of genius, and Ovid himself, though a poet,
never expresses his thoughts on this subject but
_ with a sort of enthusiasm. Thus, when speaking
of the erect posture of man, he says: :
Cunctague cum spectent animalia cxtera terram,
Os homini sublimé dedit, celumque tueri _
~ Jussit, et erectos in sidera tollere vultus. -
o e R - Metamorph. Lib. 1.
In another place, speaking of astronomers, he
says: " i
Felices atiimze ! snibushrec cognoscere primis
Inque domos superas scandere curs fuit.
Credibile est illos pariter vitiisque, jocisque,
~ Altius humanis exeruisse caput. =
Non venus aut vinum sublimia pectora fregit,
Ofhiciumve fori, militizve labor ; -
Nec levis ambitio, perfusaque gloria fuco,
Magnarumve fames sollicitavit opum.
Admovere oculis distantia sidera nostris,
ZHitheraque mgenio SUppOsUEre sup.

-~ IFastronomy at that period excited admiration,
what ought it not to do at present, when the khow-
ledge of this science is far more extensive and cer-
tain than that of the ancients; who as we may say
were acquainted only with the rudiments of it!
How great would have been the enthusiasm of the
poet, how syblime his expressions, had he foreseen
only a part of the discoveries which the sagacity of
_the moderns has enabled them to make with the
-assistance of the telescope |—The moons which sur-
‘vound jupiter and Saturn; the singular ring that
‘accosapanies the latter ; the rotation of the sun and
planets around their axes; the various motions of
the earth ; its immense disiance from the sin; the.
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still more incredible distanice of the fixed stars; the

- regular course of the comets ; the discovery of new -
planets and comets; and in the last place, the .

-arrangement of all the celestial bodies, and their
laws of motion, now as fully demonstrated as the
truths of geometry. With much more rcason would
he have called those who have ascended to these
~ astronomical truths, and who have placed them
~ beyond all doubt, privileged beings, and of an order

superior to human nature. -

o~ wenEr
Elementary Prob!e?ﬁ; of Astronomy and Geography.
_ FROBLEM I. S G
. L ﬁnd the Meridian Line of any Place.
THE determination of the meridian line, is cer-
tainly the basis of every operation, both in astro-
nomy and geography ; for which reason we shall
make it the first problem relating to this subject.
There are several methods of determining this
line, which we shall here describe. =~ -
* On any horizontal plane, fix obliquely, and in a
firm manner, a spike or sharp pointed piece of iron,

T

with the point uppermost, as A B, pl. 1 fig. 1. -

Then provide 2 double square, that is to say two
squares joined together so as to form an angle, and
by its means find, on the horizontal plane, the point

C, corresponding in a perpendicular direction with

e
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Sevgrél conceiitnc ’fﬁm ‘and mark, in tisefm
i:tooﬁ, where the sﬁmmit of the §haﬂaﬁr touches |
- same thing in the afternoon ; and
s D and E being thus determined in
the same c1rc1e, divide into two equal parts the arc
“intercepted between them. If a straight line be then
drawn through the centre, and this point of bisec-
non it will’ be*the meridian line required.

By taking two points in one of the other circles,
and repeating the same operation ; if the two lines
~coincide, i¢ will be.o proof.er at least afford a
strong presumption, that the "operation has been
_accurately performed: if they: do not coincide,
some error must have arisen ; and theref@re it will
be necessary to recommence the operation wlth
mote care.

Two observatmns, the least distant from noon,
ought in general to be preferred; both because
the sun is then more brilliant and the shadow better
defined, and because the change in the sun’s declina-
tion is Iess, for this operation supposes that the
sun neither recedes from nor approaches to the
equator, at least in a sensible manner, during the
dnteival between the two observations.

In short, provided these two observations havebeen
made between g o’clock in the morning and 3 in the

afternoon, even if the sun be near the equator, the
ameridian found by this method will be sufficiently ex-
act, in the latitude of from 45 to 60 degrees; for we
have found that, in the latitude of Paris, and making
thcmostunfavourabiesmpmmoms, thequantityw hlch
such a meridian may err, will not be above 20
If it be required with perfect ‘exactness, nothing’ 18_
necessary but to make choice of a time when the

%
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sunis enhe; in one of the tmpms, pamculariy that_"._
of Cancer, or very near it, so that in the interval
‘between rhe two operations his dechnatmn mey not
haVe sensibly changed.. =

We are well aware that, for the 1 nice pulpmses of
“astronomy, something more precise will be neces- .
sary ; but the object of this work ¢ {® merely to give
the' s1mp1est and ‘most curious o]jieranons in this
science. The following however is a eecand method
of fi nding ¢ zh& E bymigais of ¢

_ e 4% bils sm'mer, it
will be necessary £0 Wit tdl the pale star, which we -
here sappose to be known, has reached the meridian.
But this will be the case when that star and the first
_in the tail of the Great Bear, or the one nearest
the square of that constellation,. are together in the -
same line perpendicnlar to the hoizon; for about
the year 1700 these two stars passed over the me-
ridian exactly at the same time; so that when the
star in the Great Bear was helow the poie, the polar
star wag above it; but though this i is not precisely
the case at present, these stars, as we shall here
thew, may be still employed for several years, and

without any sensible error. -
Having suspended a plumb line.in a motionless -
state, wair till the pole star, and that in the Great-
- Bear above described, are together concealed by
the thread and at 1hat moment suspend a second
plumb hne, -in such a manner that it shall hide the
former and the two stars. . These two threads will
then comprehend between the m a plane which will
be that of the meridian; and 1f the tWo points on

-
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- two plumb lines, he joine :
- The hour at_which the pole-star, or any other .
' star, passes the meridian on any given day, may
be easily found by a caleulation, for which pre.
cepts are given fa the Nautical Almanac, White’s
Ephemeris, and iao0st books on practical Astronomy;
but, to save trouble, we shall here present the
reader with a table containing the precise time at
which the pole-stur passes the meridian, both above
and below the pole, on the first day of every

month. e e

responding to the extremities of the
ed by a straight line, you

* Months. -_ Above Below
: * the pole. * the pole.

Janvary . 6 6™ Ev. -6 §m Mo-r;”_\ :

February ~ =03 55 . -+ 3 57
March B ol Ay
April O 1o Lo g
May . . .10 14Mor. . 10 12 Ev..
June . Sy 8 9
Jale = iy 6
August . ARt 450
September 2 & 3 ¢
October . 6iig s R '
November .« 10 27 Ev. . 10 29 Mor.
December Biagorr i 826

‘This table indecd is calculated only for the year
4802 ; but the polestar changes its place so little,
that the difference canuot amount to more than
3 Or 4 minutes in half a century. i

Attention however must be paid to the day of
the month ; for, from the beginning of any month

&
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to ;he end there isa dxﬁ‘e:mce of' nearly two_ hours.
The"-daxly anticipation being 3™ 56° per day *, 3™ 56¢
_must be mulfiplied by the number of days of the
- month which havc elapsed, and the product must be
“subtracted from the time of the star’s passing the
_mendmn on the first of the month, as given in the
table: the emamrierwﬂl be the umc its passatre
‘on the proposed day.
 Fhus, iFif were requu‘ed to trace out a merldlan
"by the pole-star on the 15th of March, multiply
Bkt by 14, which’ wﬁi give 5575 and if 56™ be
subtracted from 2 87, the remainder 1* 13® will be -
the hour 'in the morning when the pole-star passes
the meridian, below the po}e, on the i 5th of
Mareh.

On account of the great 1eng:h of the days in
some monchs, such as June, July, and part of
August, neither of these passages is visible ; as the
take place in the day, or during the twﬂrg‘}t, This
* inconvenience however nn)r be remedlcd in the

follomng manner.
I'md the hour at

MEMDIAN Lxrw,

'}:at‘:ie-star will pass
the proposed day,
and then egamin by counting 6 hours
. more, that hcmr will mgh: txme should

* If the .earth bad only a diurnal, w:tlmut ant annual
motion, any given meridian would revolve from the sun to
the sun agam in the same time as from any star to the same
star again ; because the sun would never change his place
in regard to the stars. But as the earth advances almost 3
dearce eastward in lts orbit, m the time that it turns casts
Ward round its 2xis, whatever star passes over the meridia®
on any day with the sun, will pass over the same meridian
on the next day when the sun is almost a degree short of
it ; that is 3 minutes §6 seconds soomer, :



: i gre'u:_,
fo i it passes the mendmn at a -

be at its. gleﬁtcst dzstance fmm it But it wﬂl be
found by calculation that the angle svhich this
azimuih forn -1{-1.the meridian for the iatltude of
~ London, 51° 31, is 3° 11*-' therefore if a line be
drawn in such a manner a8 to form with the line
_found, an angie of 3% 17/ towards the east, you will
“have a true meridian line. : e
If the 6 hours counted after thf: star’s passagc of
the meidian above the pole, do not fallin the night,
nothi ng is necessary but to count 6 hours less : the
_hour thus found wall cﬂrtami}r be one of those of
the night, and will shew the ime when the pole star
will be at its greatest distance from the mendrm to-
wards the east; in this case the angle of S
must be laid off row the west. -
, d troublesome ta make an
angle of 29175 bul ay be done in the follow-
ing manner. &>
In the line from which you are dcsuous of !awng
off 'an angle of 3° 11/, assume any pomnt A; ph 1
fig. 2 ; and fiom that point, towards the north take
the length of 1000 lines, or 6 feet 11 in, 4 lin, from
the point B, where 'this length terminates, raise a per-
pendicular ‘towards the west, if the proposed angle
# intended to be laid off on that side, or towards
the east if intended to be laid oﬂ' on the other. On
this perpendicular set off 551 lines ; and let this
length terminate at the pomt C: if AC be «then
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drawn, T will fofm with A B the required angle of
3% 11'; and this 'an;ﬁe will be much more exact
than if any other method had been employed. =

U . REMARK.

~As several physical methods of finding a meridian
line are given in the preceding edi_t‘icin’s'og this work,
it is necessary that we should here mention them;
were it only that the reader may be able to appreci-
até how, far they are likely to answer the purpose.

- To find the meridian’ without a compass of mag-
netic needle, some have proposed the following me-
thod, which would answer, they say, in the bowels
qf' the earth. Take a commen small sewing needle
exceedingly well polished, and lay it gently on the
surface of some water in a state of perfect rest in
any vessel : this needle, they tell us, will place itself
in the direction of the meridian, _

‘This experimerit, in some respects, is frue: if
the needle is long and delicate, it ‘will remain at the
surface of the water, where it will form foritself a
small cdvity ; the air which adheres to it will pre-
~ serve it for some tme from coming into confact
~ with'the water; and if this should not be the case,
 the same effect might be produced by greasing it

with a little tallow : it will then easily maintain itself

on the water, and will move till it approaches the
direction of the meridian. This we have often con-
firmed by experiment. :

~ But it is false that the direction it assumes is the

exact meridian of thé place, for it is only the magne-

tic ‘meridian, because every long slender piece of
iron, when delicately suspended, isa magnetic needle.

The magnetic meridian however is only the direction

of the current of the magnetic fluid ; and this direc-

&
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Kircher proposes a method by whlch. he sa.)s,
that the south and the north may be easily known,
If the trunk of a very straight tree, growing in the
middle of a plain, at = distance fmm any. emmence
or other shelter, that could defend it from the wind
ot the sun, be cut honzontally, several curved lum:sc :
cloger on the one side than the other, will be ob~
served on the section. . The side where the curved
lines are closest will be the north ; because the cold
coming. from that quarter rontracts, while the heat
coming from the other dilates the j juices, and nthex
matter of which the strata of the tree are formed.
‘There is some truth and reason in the prmczple
" on which this method is founded ; but, besides that.
all trees do not exhibit this phenomenon, it is not.
true that the north wind is every where the coldest:.
itis often, according to the pDSltiDﬁ of the place, the
north-west or the north-east : in this case, one of
these points would be mistaken for_ the north.

rnom..r.u Ix..
Ta jind the Lm‘zmde of any place.

Tre latitude of any place on the earth, is its di-
stance from the equator; and is measured by an
arc of the celestial merldlan, intercepted betiween
the zenith of the place and the equator ;. for this

Z&.
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arc is similar to that comprehended on the-earth be..
tween the place and the terrestrial equator,  This is
equal to the elevation of the pole, which is the arc of
the meridian intercepted between the pole and the
horizon. To those therefore who live under the
equator; the poles are in the horizon ; and if there
were inhabitants at either pole, the equator would
chesimerheioharizona's e o Sl T

The latitude of any place on the earth may be

easily found by various methods. =~
- ast. By the meridian altitude of the sun onany
given day.  For if the sun’s declination for that
day, when the sunis in any of the northern signs,
and the given place in the northern hemisphere, be
subtracted from the altitude, the remainder will be
the elevation of the equaior, the complement of
which is the elevation of the pole, or the lautude.
" If the sun be in any of the southern signs; it may
be readily seen that; to find the elevation of the
equator, the declination must be added.

“2d. If the meridian aldtude of one of the circum-
polar stars, which do not set, be taken twize in
the course of the same night, namely once when
directly above the pole, and again when exactly.
below ‘it and if from each of these altitudes the -

* refraction: be subtracted ; the mean beiween these
gwo altirudes will be that of the pole, or the latitude.
Or, take any two allitudes of such a smr at the
interval of rib 58" of tme, correcting them by
subtracting the refractions as before; then the mean
between them will be the height of the pole, or the
latitude of the place. =i =%

‘3d. Look, in some catalogue of the fixed stars,
for thé distance of any star {rom the equator, that is
to say its declination; then take its meridian altitude,
and by adding or subtracting the declination, you

S 2 5
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he comple.

d the Longitude q;‘”any p!rzceafzf?i‘e carth,

~ Tar longitude of any place, or. the second
_element of its geographical position, is the distance
‘of its meridian from a certain ‘meridian, which b

common consent is considered as the first.  This
first meridian is commonly supposed to be that
passing through the island of Ferro, the most eastern
of the Canaries. But the meridian of the obser-
vatory of Paris is for the most part used by the
French, and that of the Royal Observatory of
Greenwich by the English. S o

Formerly the longitude was reckoned, from west
‘to east, throughout the whole circumference of the
equator ; but at present it is almost the general
practice to reckon both ways from the first meridian,
or te meridian accounted as such ; that is to say
‘€ast and west, so that the longitude according to
this method can never exceed 180 degrees: and in
the tables it is marked whether it be east or west..
We shall now proceed to shew in what manner the
longitude is determined. '

JIf two terrestrial meridians, distant from each
other 15, for example,:be suppased to be continued
to the heavens; it is evident that they will intercept,
in the equator and all its parallels, arcs of the same
number of degrees. It may be readily seen also that
the sun will arrive first at the more eastern meridian,
and that he will then have to pass over 1¢° in the
equatecr, or the parallel which he desciibes that day
“during his diurnal rotation, before hie arrives at the
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Tnore Westem mendlan., But to pass over 1 5_
sun requires one hour, since he employs 24 hours---_m;
pass over 360°; hence it follows, that when it is
‘noon at the moré eastern place, it will be onlv 11
o’clock in the morning at the more western.  If the:
distance of the meridians of the two places be greacr
-or less, the difference of the hours will be great;.r or
less, in the propcﬂmn of one hour for 15°; and
-consequently of 4 minutes fc»r a degree, 4 seconds
for a minute, and so on, :
Thus it is seen, that to d,Ete'l’l‘nllae the 1engxtude-
of a place, nothing essary but to know what
hour it is there, whenitisa cer tain hour i in another
place situated under the first meridian, or the di.’
stance of which from the first meridian is known 3
for if this difference of time be changed mnto degrees
‘and parts of a degree, allowing 15° for ene hour of
time, one degreee for- 4 minutes, and so on, then
the longitude of the proposed place will be obtained.
‘To find this difference of hours, the usual method
is to employ the observation of some celesial pheno-
menon that happens exactly at the same moment to
every place on the earth, such for example as eclipses
of the moon. Two obserw ers stationed at two
places, the difference of the longitude of which is
required, observe, by means of a well regulated
clock, the moments when the shadow successwely
reaches several remarkable spots on the moon’s
disk ; they then compare their observations, and by
the difference of the time which they reckoned when
the shadow reached the same spot, they determine,
as above explained, the difference of thc longitude -
of the two places. :
Let us suppose, by Way of example, that an
observer at London found, by obseryation, that the.
shadow reached the gpot called Tycho at th4gm gos
VOL, 1L ¢
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: »--'counmes-

Ostend

{Padua
Papta- -
o |Palermo
{Palikate

[ Pampeluna
{Panama
. I’anonna
Para
~{Paris
Parma
{Passan

| Patinos .

| Pavig:
Pelins = -
Perpignan
Petershurgh

Pico L
|Pisa
~ {Plymouth
{ Porto Bello
Port Rog,al

Port Royal
Portsmouth

HOrotava

|Omea

Phllildelpllla .

| Pondicherry
1 Port Mahon

Porto Praya

Port Royal

e Ital}'

B I’oﬂugal
.~ |Barbary:
_:'Astracmt

Seotland

Ttaly:

“[Peru

Bicily -

o Tndia

Bpain :

- |DMexico

[Tarkey
|South America
|[France

Italy
Germany

SiiNatolia
- (haly

India

[China

France
Rugsia
America

. [Azores

ttaly
England

AIndia

Minorca I.

-~ [New ﬁpmn
HE, Verde

Jamaica
Mattinico

|England

@

% Louistaria
- iPrance
: ;.;.. s Pﬁi‘al'l : :
¥ '_C_a;iarie_s'.: -
- \Flanders
|Japan

43

1426

.gj_‘r

50 AS N

§ ok

W |

)00,
SI4E
203 W
11 W
9 S1EW-
g
S e
v -19W 2 BEn
) 05E :
A9
35w
A5 E
50 E
: _-Sa-‘vV'
_mw;_
47 5W
2 a5
10 COE
13 iR
26 48.E
9 16E |
[T s
116 22gl e
2 59E
30 24 B
7o §W
28 19W -
10 A7 K
4. 10W
T D
353 b
79 45 W |
93 AW
Sl
61 4W
65 00W
L1 0w



























































































- LENGTHS OF THE PARALLELS. 55

'DP{F{. “English Dﬁ% English Dz;‘r Engltsh
L?tt. miles, fiot m‘;lus Ty mlles. |
o (Boo7 || 31 | 59713 || 61 | 33745
1| 69'06 || 32 | 5851 }| 62 | 32°40
2 | 6903 Il 33 57:87 |l 63 | 3133 _
3| 6897 || 34 | 5720 | 64 | 3024
4| 6Bgo |l 35 | 56°51 || 65 | 29115
5| 6881 | 36| 55%81 || 66 | 2806

| 6. 6862 || 37 | 55710 || 67 | 26'96
7 | 6848 |l 38 | 54°37 || 68 | 2585
8 | 68:31 || 30 | 5302 || 69 | 2443
g | 6815 !l 40 | 5285 || 70 | 23°60
10 | 6795 || 41| 5207 || 77 | 22747
11 | 67°73 || 42 | 5127 {72 | 2132
12 | 67:48 || 43 | 5046 || 73 | 20717
13 | 67721 | 44 | 4963 || 74 | 1902 |
12 | 6695 || 45 | 4378 {| 75 | 17°86
15 | 66:65 7| 46 | 47°93 || 76| 1670
16 | 6631 || 47 | 47796 || 77 | 15°52
17 | 65°98 || 48 | 46°16 || 78 | 14°35
18 | 6562 || 49 | 4526 || 79| 1317 |
19 | 65124 || 50 | 44'35 8o | 11°98 |
20 | 6484 || 51 | 4342 | 81 | 1079
21 | 6442 || 52 [ 4248 |1 82| 959
22 | 6397 || 53 | 41°53 By 8 :
23 | 6351 || 54 | 49750 || 84| 7721
24 4 63703 || 55 | 39° 58 || 85| 600
eETa L IR L e
26 | 62702 || 57| 37°58 || 87 | 30
g9 .| 61048 || 58 | 3657 5 88 4 2
28 | 60'93 || 59 | 35°54 || 89 | 1°2I
29 60.-35 60 34..?59 go ohele)
l.30 15975 . '










the arc_'B G must he asfumed on the cther side of
the diameter B I, (fig. 6 no 2), equal to the lati.
tude of the second place given, which is here
2° 20'; -and as the difference of iongltude between
London and Fernambouc is 35° g/, it will be neces.
sary to make the arc CG = 35° 5. By these
‘means the arc F I will be found to be equal to about -
66° 1, which reduced into miles of 6907 to a de-
gree, gives 4558 miles, for the distance between
London and the above city of Brasil.

REMARK,

When the distance between the two places is not
very considerable, as is the case with Lyons and
Geneva, the latter being only 36’ farther north
than the former, and more to the east by 6 minutes
of time, which is equal to 1° 30/ under the equator,
the calculation may be greatly shortened. -

. For this purpose, take the mean latitude of the
two places, which in this instance is 46° 4/, and
find by the preceding problem the extent of a
degree on the parallel passing through that latitude,
which will be = 47°922 miles. The dlﬁ'erence of
fongitude between these places is 1° 3¢/, which on
that parallel, a}.lowmg 47:922 mxles to a degree,

* Calculation by sphencal tngonometry gwes 22° 23 .
1 Trigonometrical calculanon gwes 66° 1 5
























A
~ yemedied as in the preceding case e
"Fhe numerous uses to which. ehis patcular kind
of projection can be applied, may be seen in a work
 published by Father Chrysclogue in 1774, and
- which was intended as an explanation of his e
wap of the world, already mentioned. =
Various otlier projections of the globe might be
conceived ;' and by supposing the eve in some other
point than the pole of the hemisphere, more equality
might be preserved between the parts lying near to
the centre and the edges of the projection; but
‘this would be attended with other inconveniences;
viz, that the circles on the surface of the spheve or
globe, would not be represented by circles or
(straight lines, which would render a description of
them difficult. It is therefore better to adhere to
the projection where the eye is supposed to be in the
* pole of the hemisphere opposite to that intended (o
be rcpresented ; whether the terrestrial globe, as 1
common maps, is to be projected on the plane of
the first meridian, or whether it be required to pro-
ject it on. the plane of the equator, or gn that of the.
iw{izon-of any determinate place.
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Methed of making the divisions on the circular pieces of
the instrument.

The circle of the largest piece is divided in such a
manner, that 368 degrees 2 minutes 42 seconds com-
prehend 354 days and somewhat less than g hours;
*hence it follows, that this circle ought to contain

346 days, and 15 hours, which may be assumed
without any sensible error as two thirds of a day.
But to divide a circle into 346 parts and two thirds,
reduce the whole into thirds, which in this case make
1040 thirds, and then find the greatest multiple of 3
that can be easily halved, and 1s contained in 1040.
This number will be found in the double geometrical
progression, the first or least term of which is 3; as
for example 3, 6, 12, 24, 48, 96, 192, 384, 768.

The ninth number of this progression, viz 768,
is the one required : subtract this number from 10405
‘and, by the rule of three, find the number of degrees
minutes and seconds contained in the remainder 272,
2‘1 saying, as 104¢ thirds : 360 degrees:: 272
“thirds : 94 degrees g minutes 23 seconds.

Then cut off from this circle an angle of 94° 9 23%
and divide the rest of the circle always into halyes.
When eight sub-divisions have been made, you will
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- 'The axis of Jupiter is almost perpendicular to the
- plane of fits orbit; for its inclination is only 3
degrees : the days and nights therefore in this planet
must be nearly equal at all seasons. B
~The surface of Jupiter is for the most part intera .
. gcr_s_ed_{wi;h spots, in the form of bands ; some of
- them obscure, and others luminous: at cerwain
- periods they are scarcely visible ; nor ave uniformly
marked throughout their whole extent ; so that they
~ are as it ‘were interrupted :-their number also varies;
-and they can be seen only by the assistance of good
telescopes, or ‘when Jupiter is at his least distance
from the earth, The year 1773 was exceedingly
favourable for these observations ; because Jupiter
was then as near to the orbit of the earth as pos-
sible. - ioa ‘
The distance of Jupiter from the sun being above
& times that of the earth, it is evident that the sun’s
diameter must appear five times less, or about 6
minutes only ; consequently the splendor of the sun
at Jupiter will be 25 times less than it is to the earth.
But a light 25 times less than that of the sun is still
pretty strong, and more than sufficient to produce a-
wery clear day: the inhabitants therefore of Jupiter,
for it is probable that there are some in this planety -
will have no great cause to complain. ¥
But if they are treated less favo_u;;ably in this
respect than the inhabitants of the earth, they possess
-advantages in others; for while the earth bas only
one moon, to make upgfor the absence of the sun,
* Jupiter has four. These moans, or satellites, were
first discovered by Galileo ; and they enabled him to
" reply to those who objected, in oppoesiton to the
earth’s‘moiion, the impossitility of conceiving how
‘the moon could accompany the earth during its re-
VOL. 111, =2 M e i
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'any df f‘heﬁe satellites will be i*ﬂd be'}uncg
sk of ipiter, or disappear by passing before it.
_ am not marters ef mere. cuﬂosz*y,

Sorst

gatum, which s stlll fa;rther from the sun than
Jupiter, exhibits a most singular 'spectacle, on
account of his seven moons, and the rifig by which
“he is surrounded He performs his revolution,
‘around the sun in 29 years 174 days 6 hours 36
minutes ; and his mean distance from that luminary
isabout gT times as greatas that of the earth, or goo
millions of miles. - :

At such an immense distance the apparent diameter
of the sun, toa spectator in Satum, is no more, than
- & of whatitis to us; and its light as well as heat
‘maust be ge tmes- less. _ An inhabirant of Saturn
transported to Lapland, or even to the polar regions,
_covered with perpecual ice, would experience there
an insupportable heat; and would no doubr perish
- sooner than a man immersed in boiling water ; while
~an inhabitant of Mercury would freeze in the most
- scorching climates of eur torrid zone,
e pmbable that Saturn hasia rotary metion
around his axis ; but the best telescopes have not yet
“shewn on his surface any remarkable point, by means
of which this rotation could be ascertulned or deter~
mingd*. : :

D, Hlerouil burig, dscomesbd: s, s arc soust’
b’itvl;lie AppeArances on | _.pl;anat, simllar to thoss which

-
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Of these satellites, five were discovered by Cassini
and Huygens, before the year 1685; and it was
imagined there were no more, till two were dis-
covered by Dr. Herschel in 1787 and 1788. These
are nearer to Saturn than any of the other five ; but
to prevent confusion in the numbers, with regard to
former observations, they are called the 6th and 7th
- satellites. ‘ : ; o *

The inclination of the first four satellites to the
ecliptic, is from 30 to 31 degrees. The fifth
describes an orbit inclined in an angle of from 17 to
18 degrees to the orbit of Saturn. Dr. Herschel
observes that this sacellite turns once round its axis
exactly in the time in which it revolves about Saturf;
and in this respect it resembles our moon.
ate seen on Jupiter, concluded that it must revolwe on its
axis, and with a pretty quick motion. He also thinks he

~ has determined from sonie parts of these belts, which are
- less black than others, that this revolution is performed in
10 hours 16 minutes. ' : : »

: % : -
T =



' We shall not here enlarge on' the advantages
“which this planet must derive from so many moons ;
what we have said in regard to Jupiter is applicable
. ething still mo¥e singular than these seven
_moons, is the ring by which Saturn is surrounded.
Let the reader conceive a globe placed in the middle
ofa flat thin circular body, with a concentric vacuity;
‘and that the eye is placed at the extremity of a linc

_oblique to the planeof this circular ring. Such is
’ spect exhibited by Saturn when viewed _rhrough
an excellent telescope ; and such is the position of a
spectatér on the‘earth. The diameter of Saturn is
to that of the vacuity of the ring, as 3 t© 5; and
the breadth of thering is nearly equal to the interval
‘between the ring and Saum. It is fully proved
*that this interval is a vacuity ; for a fixed star has
been once seen between the ring and the body of the .
glanét ; ‘this ring therefore ‘maintains itself around

Saturn as a bridge would do concentric to the earth,
and having every where an uniform gravity™.
© % 'Phis ving, according to Huygens, is abous 22000
miles broad, and its greatest diameter is in proportion to that
of the planet, as p to 4. De la Imnde and De la Place
inform us, that Cassini saw the edge of this ring divided -
intorseparate parts, nearly equal in bréadth. Hadley also,
“swith an excellent ¢ > feet reflector, saw'the ting divided
“into two parts. ~ Mr. Short and some others thought they
saw several divisions on the ring  but the long continued
" and accufate obsérvations of Dr. Herschel seem to confirm
the divisicn of the ring into only two concentric parts;
almost beyond the possibility of doubt. The doctor says
there'is one single dark considerably broad line, belt, or
zone, which he has constantly found on the north side of
the ring. . There have been various conjectures in regard
to the nature of this ring. Some have imagined that the
diameter of Saturn was once equal to the present diameter ;



h.ls nng, hut tlns pheqomenan ,_.-Lpay ‘
explamed = Fis %

Saturn’s mag may dlsappmr n cansegngpc 4
three causes, Ist. It disappears when the: co
nuation of its plane passes through the sun ;. ;
- that case its surface is in the shade, Or 100 3
illuminated by the sun to be visible at so gr
distance ; and its edge is too:thin, em ' l}g __
illuminatéd, to be seen from the earth. 'fhls phe-
nomenon 13 observed when Saturn’s plade !k a&éu: :
19° 45" of Virgo and Pisces. ~ <~

ad,” The ring of Saturn must dssappear also,
. when the continuation of its plane passes between the
<carth and the sun ; for the flat part of the ring, which -
is then turned mwa:zds thc &arth is not that illumi-

of . t];c outer ﬂﬂg; and tha% xt wa,s hollow; the gesent '

~ body being contained \vz;hm the former surface, 25 &

- kernel is contained within its shell. _They suppose that in _
GDBE&?ance of some concussion, or other cause, the outer

el down to the inner body, and leftonly the ringat -

the greater distance from the centre, as we nOw perceive it.

* Dr. Herschel, from some spots he has seen on thé ex-

. texiot of the %%w that it revolves in about :
10} hcurs. 585 :
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mave in an arb:t very exgcentric, almost like a
> much so, that though at-its nearest
‘be between Mars and Ceres, yet at its-
ice: it goes off much beyond the latter.

' Its mean ‘distance from the sun may be about 2 and
one-tcmh .that of the earth whxch piaces it between

: mmgmed that some glanet svuld be dis.
red in. xhe large space between the ortfxs of
and Jupiter: a prediction which has "bee
amplyf filled by the discovery, not of one tm{y,
but of two planet: , in that space.  And probably
there may even exist many more planets, ‘not only
in that space, but scattered about among or beyond
all: ﬁhﬁ other planetary orbits, which may long re-
volve unseen and undiscovered, by mas:m af ethe
maklﬂess ef their size. E

§ X 25
- Uf C’amm. i o5

Camets ‘are not now conmdered as, thay were
formetly, to be signs of celestial vengeance; the
, forerunners of war, famine, or pestilence. Man-

kind in those ages must have been exceedingly
credulous to imagine, thag scourges confined to a
very small portion of the globe, which itself is but
~a point in the universe, should be announced by
" a derangement of the natural and immutable order
" of the heavens. Neither are comets, as supposed -
by the greater part of the ancient philosophers,
~and thost who trod in their fmotsmps, meteors
~ accumulated in the maddle of the air. Astronc.
























THE FIXED STARS 175

is charged with moisture, as is the case in winter.
This observation of M. Garein, which was published
in the History of the Academy of Sciences for 1743,
deserves to be farther examined. i s
~ The distance between the fixed stats and the earth
is so immense, that the diameter of the earth’s orbit,
which is 1go millions of miles, is in comparison of it
only a point; for in whatever part of its orbit the
earth may be, the observations of the same star shew
no difference in its aspect ; so that it has no sensible
annual parallax. Some astronomers however assert
that they discovered, in certain fixed: stars, an
annual parallax of a few seconds. Cassini, in 2
memoir on this parallax, says he observed in
Arcturus an annual parallax of seven seconds, and
in the star called Capella, one of eight. . This would-
make the 'distance of the sun from the former of
these stars equal to about 20250 times the radius of
the earth’s orbit, which, being g5 millions of miles,
would give for that distance 19237 500000006 miles,
Between the fixed stars and the Georgian planet,
which is the most distant of our system, there would
therefore remain 2 space equal fo more than 10000
times the distance of that planetifrom the sun.

Placed ar such an immense distance from us, what
can the fixed stars be but immense bodies, which
shine by their own light; in short, suns, similar to
. that which affords us heat, and around which our
earth performs its revolutions? It is very probable
also that these suns, accumulated as we may say on
each other, have the same destinadon as ours ; and
are the centres of so many planetary systems, which
they vivify and illuminate. It would however
be ridiculous to form conjectures respecting the
nature of the beings by which these distant bodies









progressive and uniform motion in space, without

motion of their own. The state of rest being of one
kind only, and that of motion in any direction
being infinitely varied, we ought rather to be asto-
nished to see them absolutely at rest, than to dis-
cover in them any movement. el s

But these are not the only phenomena exhibited

to us by the fixed stars ; for some haye appeared sud-
_denly, and afterwards disappeared. The year 1572
is celebrated for a phenomenon of tiusimd In
the month of November of that year, an exceedingly
bright star suddenly appeared in the constellation of
Cassiopeia : its splendor at first was equal to that of
Venus when in its perigeum, and then to that of
Jupiter when he exhibits the greatest brightness;
threc months after its appearance it was only like 2
fixed star of the firgt magnitude: its splendor gradu-

ally decreased ¢l the month of March 1574, 2t
- which time it entirely disappeared. AR
- There are other stars which appear and disappear
regularly at certain periods: of this kind is that in
the neck of the whale. When In its state of greatest
brightness it is nearly equal to & star of the second
- magnitude; it retains this splendor for about fifteen
day’s’_-, a&er which it becomes fainter, and at length


























































appears that the epact of 1796, considered as a
- 1. We shall now suppose that- the given year is
posterior to the reformation of the calendar, or to
the year 15825 which forms the second case. In
this case, multiply the golden number by 11, and
from the product subtract the number of days cut

off by the reformation of Gregory XL, that is to

~5ay 10 if the year is between 1582 and 1700; 11
between 1700 and 1goo; 12 between 1900 and
2200 &c; divide what remains after this deduction
by 30, and the remainder will be the epact re-
guited ® o0 L g : : :

Let it be proposed, for example, to find the
epact of the Gregorian year 1693, the golden num-
ber of which was 3: multiply' 3 by 11, 28d from
23, the product, subtract 10: as the remainder 23

cannot be divided by 30, that number was the

epact of the year 1693. _

If the epact of the year 1796 were required, the
golden number of which was 1135 multiply 11 by
11, and from the product 121 subtract 11, which
will leave 110: this number divided by 30, gives
for remainder 20, which was the epact of the
year 1796, . LR e -

If the epact of the year 1802 were required, -the
golden number of which is 17; muiltiply 17 by 11,
and from the product 187 subtract 11; the remain. -
der 176 divided by 3o leaves for remainder 26,
which therefore is the epact for the present year
18o2, ; — R 5 v

o “’hqﬁ_ﬂle?goidm -n‘t}_mbcr is 15 if the-yeaébe-posterior
to 1900.add 30 to it before you multiply by 11, and then
proceed ag above directed. o LR i
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ﬁ - _  .-,Hanrﬁ gf a gwm Tmr.

Fms"r ﬁnd the ﬂpact c;tf the gwen year, as taught :
/in the two preceding problems; and add to it the
~mumber of months, reckoning from March inclu.

sweiy subtract the sum from 30, if less, or from
6o if greater; amd the remaﬂdcr Wsll give the day
of the new moom,

Let it be requir red, for example, to find on what
day the new moon happPlled in the month of May
1802. - The golden number of 1802 was 17, which
multiplied by 11 gives 187; and if 11 be sub-
tracted, acdordmg to the rule, we shall have for
remamder 176 : this divided by 3o leaves 26 =
the epact of that vear, as before found. . Now the
‘nuimber of months from Mar ch, mcludmg May,
is 2 ; ‘and 2 added to the epact makes 28, which
sub;racted from 30 leaves 2 : mew moon. therefore
took place on the 2d of May 1802. - Accordingly
the Almanacs shew it was new moon. on the 2d at
Hh 4 m mthe memmg ;
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cerisiniy) by Hiis operasion, e dominica lette 6f 4
bissextile year, it will be necessary to find first the
dominical letter of the preceding yeer, which will
'serve till the 24k of February of the bissextile year ;
after which "the next letter in the retrograde order
 must be used for the remaining part of the year,
Thus, if it be required to find the dominical letter of
the year 1724 3 first find that of 1723, by adding to
it its nearest less fourth part; 430; subwacing 6
from the sum 2153, and dividing the difference
2147, by 7: the rémainder 5 shews that the do-
minical letter of the year 1723 was C; which is the
fifth of the first seven letters of the alphabet, counting
in the retrograde order. Since it is knewn that C
was the dominical letter of 1723, it may be readily
seen that B was the dominical letter of the following
year 1724. But as 1724 was bissextile, B could be
used only till the 24th of February, after which A,
the letter preceding B, was employed to the end of
the year : hence it is seen that A and B were the two
dominical letters of the year 1724. In like manner
the dominical lctters of any future bissextile year
may be found. i o o 25

" 2d. Tofind the solar eycle, or rather the current
year of the solar eycle, corresponding to a given
year ; add g to the proposed year, and divide the
sum by 28 : if nothing remains, the solar cycle of
that year is 28 ; but if there be any remainder, it
ndicates the number of the solar cycle required.

- Thus, if the soler cjcle of 1802 be required ; add
9, which makes 1811, and divide this sum by 283
the remainder, being 19, shews tHat 1¢ is the solat
eycle of 1802, S A

The reason of this rule is, that the first year of
the Christian sra was the zoth of the solar cycle ; or

B
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~ on a Thursday, and s

i L

o find what Months of fbe Year have 3'11 'L)@Q, and
e l‘bad'e'tbélskbawm@ apiiay

- Rause up the thumb A (pl ¢ fig. 18), the mid-
dle finger C, and the little finger E, of the left
hand ; and keep down the other two, viz. the fore
finger B, which is next to the thumb, and the ring-
finger D, which is between the middle finger and

 the little finger. Then begin to count March on
the thumb A, April on the forefinger B, May on

the middle finger' C, June on the ringfinger D,
July on the little finger E, and continue to count
August on the thumb, September on the fore-
finger, Ocrober on the middle finger, November
on the ring.finger, and December on the lifde
finger; then beginning again continue to count
January on the thumb and February on thefore-
finger ¢ all those months which fall on the fingers
raised up A, C, E, will have 31 days; and those
which fall on the fingers kept down, viz. B and D,
will have only 30, excepr February, which in com-
mon years has 2§ days, and in bissextles 29.
















moixth y ear th __,tﬂ-g have had 1 3 lunations 5
‘and _cqnsequently .~ be embelismic. We shall

hiere give an example,
-~ Inthe year 1712, the ﬁrstmham emied on
the 8thof January, the second on the 6th of February,
the third on the “Sth of March, the fourth on tife
“6th of April, the fifth on the 6th of May, the sixth
on the ath of juﬁe, the seventh on the zth of july,
the eighth on the 2d of August, the ninth on the 15t
of September, the tenth on the 1st of October, the
eleventh also on the oth of .the same month, the
twelfth on the 29th of November, and the thir-
teenth on the 28th of December ; we know that
ﬂ.‘lls year, as it had thirteen moons, was embolismic._
“'We know ‘that all the civil lunar years of the .
new calendar, which begin on the first of January,
are embolismic, when they have for epact 29, 28,
27, 26, 25, 245 23, 22, 21,195 and aiso 18., when
the. oiden number is 19,
- Thus we know, that in the year 1693, the epact
of which was g, the lunar civil year was embolismic ;
that is to say, had thirteeri moons : this happwed
becausc the month of Augugt had two lunations,
one of which ended on the first, and the following
one on the thirtieth of the same month.

PROBLEM XVI

s Jind bm e’orzg the light {Bf the moon will contlnug
durmg any given mgbr.

HA‘V‘ING found the moon’s age, by Prob. + add,
o it unity, and multiply the sum by 4, if it does not
exceed 15 ; butifit exceeds 1 5 subtractit from 30,
and then muldply the remainder by 4: if the .

VoL 1Tk Q.
























ULIAN PRRIOD. . 899

If be&déﬂdwxao%
; sum be divided by
_Hence it appears that

' 'The Julian period is formed by combining toge-
* ther the lunar cycle of 19 years, the solarof 28, and
the cycle of indiction of 15. The first year of this
period is supposed to have been thar_which corre-
_sponded to 1 of the lunar cycle, 1 of the solar cycle,
and 1 of the cycle of indiction, <
If the numbers 19, 28 and 1% be multiplied to.
_ gether, the product 7980 will be the number of
years comprehended in the Julian period; and we
are assured by the laws of combination, that there
cannot be in one revolution two of these years which
have at the same time the same numbers..
This period is merely an artificial ong, invented by
Julius Scaliger ; but it is convenient on account of
its extent, aswe can refer to it the commencement
of all known aras, and even the creation of the
world, were that epoch certain; for according to the
common chronology, it was only 3950 years before
the Christian zra. But the commencement of the
Juliar period goes 4714 years beyond that =ra ; and
hence it follows that the creation of: the world cor-
responds to the year 764 of the Julian period. .
- The method by which it i found that the year of

the birth of Jesus Christ was the a714th of the
Juliart petiod, is as follows, It is shewn by a re.,
trograde caleulation, that if the three cycles, viz,
the solar, lunay, and-that of indiction, had been in

&






SE

Tbv Zwufr and solar {*ydfr - fbe cjfde gf mffrcémz

17143 the re-. .

torrespsﬁdmg 10 any year bemg g:‘veﬂ, to ﬁﬂd :’t&‘

Pfﬁce m tw 7z:fzm pmm’

MuLuv LY the numbér ‘of the Iunar cyde by"

5 4200, that of the solar cycle by 4845, and that of

2 _tnﬂ zﬁdictlﬂn bv 6(}16.

Add mgether all these products, and dmde the:.

- sum'by 7980; the number which remains will in~
duzatc the year of the Julian perxod e

= The year of the Julian permd maj}'} be found a]so by :

thP follcwmg general rule: Multiply the golden number

' hy3780, and the indiction by ¥c64; subtract the sum of

thase prodycts from the r_F roduct of 4845 multapheé by the
. solar cycles. divide the differance, if it can be done, by

‘7980, dnd rhe remalﬂdcr will be the ‘year of the Juhan_

'permd
t}‘e following algcbrasc problem : To find 2 number which

“The reason of this rule may be folpatoin the shlition of

. divided by 28, shall leave for remainder a3 dmdcd by1g,

“shall leave &3 and by 15, shall leave .

Call the three quétzents, arising from the dgvxsmn of the

; rEquired number according to the terms of the problem,
%3, % Then the numberwillbe = 285 + 2 = 193 +

el S F'romfheﬁrste aatmnﬂ8 4=
e s o e > &_}_Ww

+ b we havcy:: w ok _Hh_ - Now singe ~ 39 ;s.'.'ji'



5 50 tﬁat', after 532 years, they were to
__mu m_ he Sam;; ﬁrder, Whmi‘- W*fmld have bee,n.-_ :










of that olympiad.
for qump}e, be 1715,
the sum is 2490, and this number
4, gives for quotient 622, with a re-
of 2. The yedr i7:5 theretore was the
'-3 €ar of the 623d olympiad ; or more correctly,
. thel ‘months of the year 1715, with the firse
sixm of 1716, c0rresponded fo the 3d year
:af the 623d olymplad _

T .‘.1,
The wra of fhe Hegzm is that used by the greater
part of the followers of Mahomet: it is employed
by. the Arabs, the Turks, the .'vgis{ms nations in
Africa, &c; consequcntly, it is nedessary that those
who study their history, should be able to convert
the years of the hegira into those of 1hc Christian
=1, and vice versa.

For this purpose, it must be first observed that
the years of the hegira are nearly lunar; and as
the lunar year, or twelve compleze 1unauons, =

forms 354 days 8 hours 48 minutes; if the year
were always made to consist of 354 or 355 days,
~ the new moon would soon sensibly deviate o the
- commencement of the year. To prevent this in-
conyenience, 4 period of 50 years has been invented,
‘in which there are ten common years, that is to gay
of 354 days; and 11 embolismic, or of 355 ddys.
The latter are the 2d, sth, 7th, 1oth, 13 athy 1 Sth :
xSth zzst, a.4th zﬁth and zgrh






a_st cele’arated a8 the second isa
golden numbers for every year from
_ Christ to 5600, the th:rd a table =
ical from 1700 to 5600, ihe
letters for the same
he epacts; and the
'nenes, and 1des S

A TA})LF'

C?f !be ye.rzn qf rf;e most rewﬁr.éa:’)le Epoe‘b.r or Erﬂ.r

and Evints.
':.’Rcrﬁpxmhlc Fvents. Julian - Yeatz of & ~Nears be-
Perigd. | the World.  fore Christ.
The creation of the world 7\;6 0 1007

Tnedp'ug{,, ot Noah’sflood 2362 1656 2351
Assyrian monarchy founded © . 23

by Nuncad = . . 2y 181 9155
The birth of Abraharﬂ . 2714 2008 1999
Kingdom of Athens founded :

by Eeerops, . 2 L gy e T 13sb
Entrance of the Israehtes el
ntoCandan o= . < . 49565 25c6 . 1acr
The destruction of Troy . 3529 2823 1184
Solomon’s temple founded 3701 2995 1012
The Argonautic expedition 3776 3070 937
Lycurgus formed his laws . 3829 - 3103 884

_ Arbaces 15t king of the =

Medm N e e - 3838 31 32 : : 875
Olympiads of the Greeks e : _
. began o i 3938 8090 e

Rome built, or Roman aara 20071 2268 Huo
. JEra of Nabonassar . . . 3967 2261 746
ML n--..’ S ;



Babykm

: "Peloponeaian war began - 4282 34696
Alexander the Great died ' 439@' 3684

Captivity of 100,000 }cws W

o b oleny o 4393 °
Archlmedes killed at Syra- _
FOMEE e ,'.*.41;@6"‘

Julius Casar mvadedBmam 4659 3953

He corrected the calendar |, 4667 2561

The true year of Christ’s

b].l'th 3 e . % . 4709 4-003 : , I. 4

Clzr'mum z’fm {rcgmr :53?‘9. L, -

Remrkaﬂ-n Evcms ; ]l Tk i Y:ars r'if'f. "{".‘é:ﬂ:'%";_?nq; '
. SPerods the Waorlds Christ,
onm'man or vu?gar ®ra of RS T
Christ’s birth o VTaRT aools i e
Christ crucified, I‘uday Aprzl iy
gdo oo w476l 40d0. Vg
]erucaleir destroyed 4783 4oyy iioge
Adrian’s wall built in Britain 4833 . 4127 agg
Dioclesian epoch or that Qf Vg
Martyrs o AG8F: 4apm
The council of Nice biis 5038 xagE i
Constantine the Great' dsed 5050 .l.4344- _
‘The Saxons invited into 5

Piltain: 5158;,452 445




nnm&xww xwm‘s =40,

Rmazkabie Evenrs Nt et VRiN GF Yty sitibe

. Petiod, the Warld.  Christ,
IIeglra or ﬁlght of Moham- AT E e e S

med S 5335 4629 662

5343 4637 630

: p!anetS-------'"_'- e
T neon fmm hecarth . . 5809 5197 1186
- Ast of printing -d&scoverz_d 6153 5447 1440
Constanumple taken b}l the e
 dTwks . 6166 5460 1453
Reformation bcgun by M&r» _ P e
fin Luther . 0 < GEjo. s¥a4 I517
The calendar corrected by fa
Pope Gregory . 1 | 629¢ 53589 ‘1582
Sir Isagc Newton born « . 6355 5649 1642
-Made president of the Rmyal oo
Sociaty . . Bab owio - oy
~ Died, March soth 2 o Oga0 cenan i gugy
New planet discovered by _ s
Herschel - . - 0, 6404 5788 1781
‘New planeg, dzscovered by e
Pidos 4 - « 6514 5808 . 18or
New planet d1s-"overed i}y : =
Olbers + o+ eowi.o 6515 5809 1802

Toble f_‘f sume other. remarhable eum*‘: m’aa‘mg ehiefly
o ﬁ}e drits and Sciences. :
e e
Use of bells mtroduccd inte’ (hnrcLes . b
~ Alexandrian ilbr'ary' destroyed and T g}pt e
conquered by the Saracens . . . 641
- Organs first used in churches . . . . 660
Gldss invented by a bishop and hmuﬂht ro
Englmd by a Benedictine mank v i abbg

%



vented by a nwnk of Pisa

"The mariner’ { ¢ cnmpass mventeei or xmpmved

by Flavio o

5 Gun-powder mvemeei bya monk of Cologzie
‘The art of weaving cloth bro ughf from Flan-'

ders to England. . .

Cannon first ueed in the Eﬂghsh service by ..

the Governor of Calais .. . .

Fiist company of lmen-weavers s&:ttled e

S Enplafid. o L
Cards invented for the amusement of thc
French king

“Algebra brought 0 F-_lurope fram ﬁrabza e
Great guns first ased in Eagland at the siege i
ofBerwiek i, .

* Paper made of linen rags invented .
Printing invented in Ger ainy ey
Engraving and etching invented . :
Cape of Good Hope discovered . . .

Geographical maps and sea charts broug‘lt'

to England . . SRS
Amgrica discovered by Goiumbus S
Algebra taught by a Friarat Venice . . .
- First voyage round the world by Magellan :

Variation of the compass discovered by Cabot 1
* Tron cannon and mortars made in Enwland :

Glass first manufactured in hngland 2
First proposal of settling a colony in Amenca



BEMARKABLE EVENTS,

; A D,
Bamb-she]ls mvented at ¥eploo . . . . 1588
Telescopes invented by, Jansen, a spectacle- :
maker of ‘Hollane s . 1500
Art of weaving ste ued by I_ec in _
 Cambridge , : o I590
 Watches ght t@ ing dfrom Gerxnany 1597
'_'Tl;ermometers'im en;edb} Drebbei aDutcha s
i man. . 1610

-Gallleo ﬁrst OL\Served thtce of ]upi*er 8 satel-
lites, Jan. »th . .

Loganthms m»e'hud by Lo:d ‘\E’aplnr of
Scotland :

- Cireulation of the blood dbscusurcai by

€41

1610

; 161:_4

Hervey . . — s, w d0)g
Gazgttes ﬁrst pubhahed at Venice . . . 1630
Transit of Mercury ‘aver the sun’s disk first =,

observed by Gassendi, Nov. 17th ., . 1631
Galileo condemned by the inquisition . 1633
French academy established, January . 16335

- Transit of Mercury cbsuvcd by Cassini,
- MNov. 11th . . /i . 1636
Polemoscope mvented by IIuehus . 1637
Transic of Venus obaerved by Horrox, Nov,

24th Tt B - 16 39
Barometers mventcd by loncelu sir s 1043
Royal academy of pa‘ntmﬂ' founded by Louis A

WAV 1643
Galileo first apphed the pendulum t0 clocks 1 649
Air pump mvcnted by Otto Gueric of Mag-

deburg . . ..1054
Hu ens ﬁrst dxscovered a satelhte of aturn,
: arch gethh, o . 1655
Rt:yal Socxet)r of London estahl:shed July

¥ath oo % e s e



: Academy for sculpture estabhshed“m France'
~ The observatory of Paris founded . . .
Magic lantern invented by Kircher . . .

- Academy of sciences esmblished in France
Cassini d:lscmrered 4of Satnm s satelhtes in :
it
;_1676 :

the course of a few years : v
The royal observatory at Greenwmh bmit
The anatomy of plants made known by Grew 1

"The Newtonian phliosoph}? was published *,

The academy of sciences founded at Berlin
Academy of sciences established at Peters-
burgh ., . . e

Aberration of the fixed stars d1scovered and‘

accounted for by Bradley . ... . |
Transit of Mercury obscnred by Cassini,
‘Nov. 11th . .
Academy of sciences foundcd at Stockholm
New style introduced into Great Britain,
Sept. 3d being reckoned Sept. 14th
British Museum established at Montague-
House, by an act of parliament
Transit of Venus over the sun, fune 6th .
Royal academy of arts established at London
Transit of Venus over the sun’s disk, June 3 3d

L

”*11663”'_
_'1654. =

16&5”
1666_:

680
1686

» 1701
szil

H:72§  
1736

i7se

o« TT S8

.-,6\:)
1763J
1760

Emi:zenf British Philoscphers and Mathematicians.

 Died,

Arbuthnot, john, M.D. - . 2
Bacon, Roger, philosopher v = .
Bacon, Lord, ditto . S,
- Barrow, Isaac, mathematician ;

1705

£ 1294
1626

..167?



priLosOPNERS, 0

Boyle, Robert, phil. . . .
Brerewood, Fdward, phil. and math. ~ .
Briggs, Henty, bl g e

943
Died.

~1691_I

: WwrE . |

- Cheyne, George, phys. and phil .

Clark, Samuel, phii. -
Cook, Jams,,naviggt = :

Derham, William, phil. .

Dudley, Sir Robert, phil-and math. . -

~ Evelyn, John, phil.

Ferguson, James, _'p_h'il; and mech. . .

Graham, George, math. 2nd mech.

Gregory, James, prof. St. Andrew’s i

Gregory, David, prof. Oxford, astronomy
Gunter, Edmund, astron. .. . E
Hales, Stephen, phil. .+ = .«

Halley, Edmund, astron.. . - e

-

‘Harriot, Thomas, math. e e

Harrison, John, inventorof the ime-keeper

1630
1748
L2

g

Harvey, William, phys. dis. circ. of the bloo

Horrox, Jeremiah, astron. . . .
Keil, John, math, and astron. 5 i
L8cke, John, phil. e
Long, Robert, astron, . : 2
Lyons, Israel, math.

Maclaurin, Colin, : 3 A %
Pell, John, math.” . . s $
Pemberron, Henty, phil. o :
Ray, John, phite ... ci e
Simpson, Thomas, math. . . %

Watts, Isaac, phil. and math. . o

Whiston, William, astron. R e
Wilkins, John, phil. . . - -

Wren, Sir Christopher, math. - :

1735
1639

- 1706
.1:776.
: 175E

1675
1708

1626

1761

1742

1621
1776
1657
1041
1721
1704
1770
1775
1746
1685
1771

17083

1761

1748

1752
1672
1723
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. GOLDEN N %IQJL-E_ EEGR

* Usk oF THE FoREGOIN

The centeuar} ymz,.'_
: ame galden number, are placed in.
diﬁ‘mm cells, but below each other in a line, as
1800, 3700, 56c0. The golden numbers belong,
some to the. centenary vears, and others to the 1nater-
mediate years. The former are placed in 2 row
by themselves belbw the centenary years, and are as
follow: 1,6, 31,16, 2, ,, 12,17, 3,8, 19,48, 4,
9, T4, 19, 540, and 15. ° The latter il Be found
in a line with the mtermedlate years dis Lrlbated m.__
3o different cells.

L. Now to find the goiden number of a centenary
year, for example 180¢ ; first look for the centenary
year in the cell to whu,h it belongs, and 1mmedlahl}r _
‘below it, in the row at the bottom standing by iself,

- will be found 15, whxch was the golde"z nugiber of
that year. ;

1L To find the golden nambe. of an intermediate
year, 18c2 for example, Find the centetiary year
1800 in its proper cell, and the intermediate year 2
in the cells on the left hand then on a line with B
and exactly below 1800, wxll ‘be found 17, the

golden number of 1802, It is here to be observed
that this table, though prmted on two scparate pages,
for the sake of- convenience, forms only one, the

lines in each page being so arrang ed 35 o conwko,ui

-



years are arranged in this table, as
,in the four celisat the topy and the
Sl 3?%;3\’.51:1 cells on the lefr.

Thdse’ which have € for dominicel letter in th
 first, those which have E in the second, thoke which
have & in the third, and those which have B A in
the fourth, As in g0 contenary oars, the number *
compréhended in this table, theréfare 1o bissextiles,
these 10 years have beeh placed in the fourth cell,
and the other 50 in the frst three. ‘The inter-
mediate years pliced horizontally in the same cell
differ by 28 years, becanse the solar cycle. contaigis
“only that npumber.  Thus the différence between 1.
and 29 in the first cell, is 28, and the case is the
same with 29 and g5, &ec. Each collateral cell
contains four perpendicular rows, consisting each of
four numbers, becanse a bissextile recurs every four
vears,  The-four first defminical letters, in the four
upper cells, viz, B, D, ¥, G, correspond to the
numbers 1, 29,57, 85, in the first cell of intermediate
years; the case s the same with the dominical
fetters in the nest row, A, C, ¥, T, in regard to the
“numbers 2, 20, 58, 8G; and 0 on threughout the
o o L SR O R R ;

L. To find the dominical letter of 2 centenary year,
1800 for example.  Look for 18co, which stands
in the second cell at the top, ana immediately below
it will be found the letter K. ' :




-

INDEX LETTERS AND gpacTs. 958

_II. To find the dominical letter of an inrermediate
Jear, ‘as 18c2. First find the eentenary year 1800
in it proper cell 3 then look for 2 among the inter-
mediate years, onal , and below the
" cell containing 1800, ¥ e letter C.

 The use of the first of these tables will readily
appear, when we have explained the nature of the
second.  The table of thexpacts contains the golden
- nutibers in the horizon:a! column at the top: the
index letters are arranged in the first perpendicular
column, and the epacts in columns parallel to ic
Now if the epact of anv year be required ; first find
the golden nutnber of the proposed year, and, in the
table of index letters, the letter corresponding to the
century; then look for the same letter in the table
of the epacts, and also for the goiden number at the
_top; and on a line with the index letter, and di-
rectly below the golden number, will be found the
‘epact required. : :

Let it be proposed, for example, to find the epact
of 1802, the golden number of whichis 17. Look
in the table of the index numbers, and it will be
found that the letter-corresponding to :800 is C;
then {ind C in the first column on the left of the
table of epacts; and on a line with it, and directly
- below xvii among the golden niumbers, will be found
xxvi, the epactof the year 1802.  The epact of any
other year, till the year 5600, may be found in like.
manner. i nii

T bR § e 5






PIILOSOPHICAL .

. RECREATIONS.

PART SEVENTH.

Containing the most uschul and interesting Problems in
¢ Guamonics or Dialling. '

»

s S e ot
(]NDMONI_CS or Dialling is the art of tracing
out on 2 plane,.or eyen on any surface whatever, a
sun-dial ; that is, a figure, the different lines of
which, when the sun shines, indicate by the shadow
of a style the different hours of the day. This science
depends therefore on. geometry-and astronomy, or
at least on a knowledge of the sphere, =

As many people comstruct  sun-dials without
having a clear idea of the principle which serves as
a basis to this part of the mathernatics, it may not be
improper to begin with an explanation of ir.



_'tly all xts Parailah, mm twent} -four équai par;s.
-et -this here be. p?acedfm a, sm.atmn smtﬁd to the

structed, or elevated at an angle equal to the lanmde.
Now if we suppose a hor zmatal plane cutting the
sphere through its centrc, the axis of the sphere will
tepresent the style, and the different intersestions of
the horary circles with that plane will be the hour-
lines ; for it is evident, that if the planes of these
circles were infinitely produced, they would form in
the celestal sphere the horary circles, which divide
the solar revolution inte tv»ent}r-four equal parts.

. ‘When the sun therefore has arrived at dve of these
circles, that of three in the afternoon for gxample,
he will be in the plane of the similar circle of the
sphere above mentioned; and the shadow of the
dxis or style will fall upon the line of intersection,
which that circle forms with the horizontal plane :
this line then will bc the hm: of 30 "clock 3 and so
of the rest.

All this is llustrated in ﬁg v plate 1, which re-
presents a part of the sphere, with six of the horary
circles. Ppis the axis, in which all these circles
intersect each other; AHBA the horizontal plane,
or horizon of the sphere, indefinitely continued ;
A B the meridian ; D I the diamerer of the eqt.ator,
whizh is in the meridian; and D HE 4 the circum-
ference of the equator, of Whn:h D HE isa half and
D H a quarter. This quarter of the equator is divided
into six equal parts, D' r, 12,23 34,4556,

¥



_ GINERAL mmcwus S ..,92;1‘}“'
and ‘through these pass the hcsrary cxrclcs, the pl‘mas‘
of :whxch m.udr.ml ¥ cm the horizon in the lines C 1,

$9,€ 4 G, C6: theleiare the hour-lines
and if we nup' : Ltinue _t{)rﬁ.l which is
perpendicular & B, they will gw
the hourvlme:s O g G v G- v,
: ‘5 of the axis of the
ly ought to form with
':me, an ang?f ‘c’i C A eqL.ai
e height eorP A _
 Should this ressent g 2ppear too dry and tedious,
“another method may. lﬁe employed to acquire a clear
“idea of the, prme.fpiﬁs of dialling, Construct a solid
sphere, divided Dy 1ts twelve horary circles, and cut
it in such a manner that oneof its poles shall form
with the plane of the section an angle equal to the
height of the pole of the given place.
it the bphel &, cut in this manner, be then made
" to rest on a horizontal plane, with its pole directed
towards the pole of the world, the points where the
_horary circles intersect the honzomal plane, wili be
'?e,,.d;iy seén; and the common section of all the
<ircles, which is the axis,. mll shew the pOﬂlhf‘ﬂ 01
the style -~
Epr the sakeof ;iiuatraum, we have het‘e suppa_ sed
he section of the sphere to be formed by & hori-
zcmtzu plane ; buf if the plane weré vertical, the
case would be similar, and the lines of intersecdon
our-iines of a vertical dial. If the
plane be declining o1 mdﬁ""mg we shail have a'de-
chining or mclznmg dial {3t thay even be easzhr seell

that this belds cond in regard to every surface; whar-
ever be 15 formn, carwex, congave, or’ imegx..lal , and

swhatever ‘may be its pas:(non -
The style is an iron rod generally p!s.r*ed in an .



mdlcates the haut,
of the ms mf 108

= happens, however, :
thut theS{’, lmes qaf mt mf:_e, This is the case in
dials which have their plane parallel to the axisiof the
sph_ere - _for_ itis evident that in such dials the i inter-
see:nens of the‘hem vy civeles must be parallel lines,
called dials woithaut a centre., Vertical
east and wes:dm..s, and dials1arned dlrectlv rowards
the_south, and inclined to the hor;zon at an angle
~equal to the latitude, or which if produced Wbuid-"'
pass, through the poje, ar Pthis number. &
The meridian line, as is well known, is the inter-
section of the plane of the meridian wz"ll?me plane-
of the dial; when the plane of the dial is vertical,
it is always perpendirular"& the horizon.

The substylar line, ‘i ‘that marked out by ghe
plane perpendicular o the pline of the dial, and
passing through the siyle.  As this line is of %“'ea!
mportance in df;ﬂmmg ialg, it is necessary to have
a very distinet idea of it.  For this purpose, conceive
a perpendicular let: fall on the plane of the dial,
from any point in the style; and that a plane is made
to pass through the sqd:e and the perpendicular:
this plane, which will necessarily bepe endicular
0 that of t:he d:al w:ll cue 11: in a hhe' passmn.




m:mzmmm Lmr.__ e .%:‘5'9' :

: thfcugh the centre, a.nd'th m:gh, the botmm ef the ¥
;erpmdmuiar, qud thm line wil he the substy!m
me' LS : _
: “This line is the in of lane s that is,
it shcw the m " ' ;

g _
he. aouch Ime of the
sec:tmn ot the plme of
X ich 1% the "

30l _;--\bherms -the_ ea‘.**idi:im of the pmﬁe c')f the
: cCHON cf thiat plane with the meri-
'h:‘-passmg thmunh the polc

or an )r @:her uhzch has
' and the meridian of the
svery  plane not tumed

plae\, cfnnczde - bt__
the Sy rh. thcse hnes

directly towards the sout
' fozm greater or less angl
- Lastly, the equinoctiz _s"the mtersecnon of the
mec of the, sequator with the dial : it may easily be-
seent that this line is ai‘w y8 pei pemacx:hr to mc =
substyle. :

-; -bu‘r 'as__:it is; a '

. ;E.EH 1&]‘:@1!} m; ;
_-*;_s_\»_cfk' whh,h I‘E:idtea to aStmnomY



. We shall . therefore
md:' -ﬁttle;kmi%ﬂn. :

: methﬁci of de- '
i the pe 1e meridian line ar alb
wnes, and m all places, pmwded the lautudc be
: kﬂrﬂWﬂo z st

) PROBLEI& i

‘Tb ﬁmi :‘bﬂ Memz’zan ng the Gbsewaz*wr egf a‘.&rfe Un
- equal S.(mdow,s. .

Trr meridian Imfr on a horizontal pla‘le is found
generally by means of two equal shadows of a per-
pendmu lar style; the one observed in the forenoon
and the other in the afternoon, For this purpose,
several concentric circles are described from the
bottom of the styles but notwithstanding this pre-
caution, it may happen that it will be m}po&sxbie to
have two shadows equal to each other. This in-
convenience however may be remedied by three
observations, instead of two. For this ingenious
method, we are indebted to a very old author on
Gnomnmcs, named Mugzio oddi da Urbine, who pub-
lished it in a treatise entitled Gl Orologi solari nelle
superficie piane. 'This author was exceedingly de-
vout; for he piously thanks Cur Lady ef Loretto
for hwmg commumcated to him, by mspirauon,
the precepts he has taught i in his work The opera-
tion is as follow o L

Lee P (pl. 2 fig. 2) be the bottom of the style,
and P S its height; and ler three shadows pro-
jected by it be PA, P B and PC; which suppose
to0 be unequal, and Ie. P C be the shortest of them.
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-me ﬂm pomt P dI&WPB P E and Y perpen-
dicularsto PA, P B and P €, and all equal to each
oﬁ'er, as wall .'?‘5. o bS Dr _-thﬁ_lmes DA,

oints [ and:l{ by an mq-
] L perpendicular to
to Gland KH; and draw M1,
et 1K m-’-"-the point N if through N
C N beg it will be perpendicular
3 consequently by dramng, from P,
the , perpendicular to C N, it will be the.
merxdzan tequired.
- Asthe c}cmanstratwn '.-q; this gzrobiﬁm would be
100 lang, we taust re he reader to the fifth book
of 1 work by Schctt&n, entzticd Exercitationes Ma-
tbmt;mce. . : el

: ' PﬂoBLEM nt.

,‘f v énd e‘bﬂ M’ﬁ'x dlffm arz o Pfarw, o *;ée S;;émkzr

. .L.me. e

L Am*mr_ what has been a!ready said in regard to
the substylar line, this operation will ‘be easy s for
since this dine is the | meridian of the plane, nothing

s necessary but to congider it as if it were hcrnzontal
and fo trace out on it the meridian by the same
method : the line resu}tmg will be the subs?vle, the

of con.

determination of which is very necessary
structing inclined or decilmng dla.ls, and thos
are botlig s
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the plaue af thf: ac
ns t_ef' he

be adjusted to
; " Eor this pur-
pme, join togez;hm e vieces of :1!01‘? O COPpET,
or anjr ather mutter,"A B C D and C D E T,
(pl. 2/6ig. 4), by means of a hinge. at. C D then.
describe on the two surtaces of the piece A B C D,
two equinoctial dials;; and in the centre I, place a.
style exu ndmg both ways ina direction per peudu_ular :
to ABCD. AL Gudn the middle of the piece
CDEF, fix a magnetic ' needle; covered with a
plate of g!ast,, and towards the. edgc of the same
ply a quadrant H L divided into degrees, and
h an apertyre mad& w© recewe it

ur-i-ii

egmw 5' -oui _m phe point L.
the needlfe rn-

Whan thig di
the meridian, ma}sm
clination ; and.¢

tion of the equator at the given place ; that is, equal
to the campiement of the lattude,  Tf carg be then
taken to tum the quadrant towards thc south, elthe




Ta ﬁnd tbe a‘f'um&m gf ﬂ)e Emr-fme: o a 'ira
dmi with au{y twn exz‘am‘s gf' tér: ce}?gn;m'.r

BRAW the mendran s M {pl 2 fig. =2, ﬁnd '
~from the point C, assumed towards the m:ddie, as a
centre, describe the circle ETOP w1th the radius
CE, the first opening. of the compasses 3 then from
O as a centre, with a radius equal to she diameter
. O F of the first cxrc!e, describe the circle E AMB;
and from the point £ as a centre, with the same
radius, the circle A O.BS : these two circles will
cut each other in A and B, which will be 3tha
centres of two other equal czrclu, X1EF and
ZLEG. Through the points of intersection ¥ and
G, draw the lines EG and EF; and through the
points A and B the straight line X ACBZ. This
iine, which will be the equinoctial, will be cut both
by the above circles, and by the lines E G and E F,
and the centre C of the first circle, in 11 points,
which will be those of the hours: the ey must there-
fore be marked wa,h the numbers 7 75 ; 3, s e o
¥2, 1525 35 dy 5o :

The next thing is to find the centre of the d:ai :
of which the above points are the horary divisions : -
this is to be done in the following manner :

In the circle ET O P assume, towards T or P,
an arc E X equal to the complement ‘of the lamude
or elevation of the pole, that is. equal to 38° 29/ if
the latitude be 51° 11/, and draw G K : if XV be
then drawn perpendlcumr to C K, it will cut the me~




HORI&D&#TA&. mmx,._ B 2‘35

_- ;gdlan in V whu.h w:li be ;ha'cegtre of the dw.i ; S0
that by drawmg, fron V, the lines V. 75 -
Vg, V 9, &, we shal Iave 1 "-lmr}s from 7 in

the morning till s afternoon. If a line be
drawn - through the poin :pni'ali_el to the equi-
, it will be the § lock,  The hour-

hnes of 7 and céntmued beyond :
en .-.of 7 and 8 in the
o3 ( in the evening, if
me mantier, will give 4 and ¢ in
1 the last place, if from the point V,
tzken a pimaaure, two. circles be
will serve o terminate the hour-lines,

the num ers. belonging to the dif-

i‘érent hm.rs.h"
PBQBT BM Vi
Vi canﬂrm‘ the same' Dza! with one. O}mmg ofs 1‘1&3 :
iy é?ampm.m.

lHR{)UGH the pmzlt C (pl 3 fig. 6) draw two
lines S M, o perpendicular to each other ; and,
from the same point as 2 centre, describe the circle
E 1 O ‘gith any opering of the compasses
whatever then, keerg the cpening the same,

place oint of <he compasses in O and the
other in nQ turn to the - point 4, and making
tWo turns from 4 to 5, pmceed fmm 5to 1z

by four tums. - :
Then, placing th' & mgp.sseshou o aﬂd N, turn
from N o 8 ing two turns from 8 to ”s
proceed from 7 -.l:?.%our turns. If the lines
EN and EQ be then rawn, which will gi '
zhe line 7 5, he boura of 2 and 10, ﬂi&




C’mmmdmzz qf z‘be most zmjzarmyzt c_af‘ the aﬂ.’:er Re—
gzzfar Dmi’a A

REG ULAR dlzﬂs are those w hmnhave theh our-lmcs,
forming equal angles on each side of the meridian ;
these dials therefore are, the equinoctial, {the hori-
wontal, the north and south vertical, ‘and the polar.
Havmg already spoken of the cqumoctxal and hori~
zontal, we shall now pw{.ecd to the norih uﬂd south
werm.ai dals.™ 2

.Cftbé South l'-:'f‘r".;‘ica! Dial.

If the vertical dial be_turned directly towards the
so-uth'; then make the angle E CK or the arc EX -
(pl- 2 fig. 5) equal to the height of the pole; if
C K V be then made 2 right an'flt., the point V will
be the centre of the dxal, and the angle C VK,
which will then be equal to the cbmpiemmt of the
latitude or of the elevation of the pole, will denote
the angle which the style, in the plane of the meri-
dxan, ouﬂ‘ht to form with the mee of the dml

Of the I‘w orth Vertical Dial.

I the vert:cal dial be north ‘make, as before,
the angle O C % (pl. 2 fig. 5) equal to the height of
the pole, and the angle C# H a right angle: the
point H will be the cenire of the dial; and the
angle C H k will be that which the style forms with
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the meridian,  The style, instead of being inelined
downwards, must be turned in a ntrary dircetion,
as may be readily conceived when we consider the
position of the pole in repard to a verrical plane
turned directly towards the north, =~

!

m Xy
perpendic to it.  Trom the point M, in this
line, make on each side tlte same constructon as
that taught at Prob. V; if parallel lines be then
drawn through the points of division, they will be
the hour-lines. For it may be easily seen that, as
the pole is in the continuation of this plane, they
cannot meet but at an mfinite distance, or that the
centre of the dial is at an infinite distance 3 whence
it follows that the lines must be parallel. =

The style must be placed in a perpendicular di-
rection in the point M; and in height must be
equal to the distance between 12 and 3; orif an
iron spike be placed at that distance from the meri-
dian XI[ XII, and parallel to that line, it will
shew the hour by its whole length, . :

- PROBLEM VIIL
of Vertical East and West Dials, -

NexT to the dials dlready described, the simplest
are those which directly front the east or the west.
‘The method of constructing them is as follows :

Draw the horizontal line HR, (pl '3 fig. 7
no. 1), and assume in it any point P, for the bottom



| one, the angle H P E, equal o the

- complement of the latirude, or theeiqéatmn of
the pole above the horizon ; and continue EP to
N. The line EN wi. be the equinoctial. Then'
through the point P draw the line C A, in such a
manner as to form with the lize H R the angle
A P H, equal to the elevation of the pole; then AC,
which will intersect the equinoctial E N at right
angles, will be the hour.line of VI in the morning,
and also the substylar line, Wi
When these lines have been traced out, the hour.
lines may be drawn in the following manner. In
the substylar line A C, assume 2 point A, at any
distance from the point P, according to the intend-
ed size of the dial; and from A, as a centre,
describe a semicircle of any radius at pleasure,
‘Divide this semicircle into twelve equal parts,
beginning at the point P, and then from the
centre A draw dotted lines through gach of the
points of division in the semicircle, till they meet
the equinoctial EN : if lines parallel to the sub-
stylar line be then drawn through the points
where these dotted lines cut the equinoctial, they
will be the hour-lines required, the substylar line
being that of VI in the morning. The parallels
above the substylar Ene, in the east dial, will cor
respond to IV and V in the morning ; those below
it to VI, VI, &c, in the afternoon. S
The style, the figure of which is seen in the plate,
is placed parallel to the line of VI, on two supports
raised perpendicular to the plane of the dial, and at
a distance above it equal to that of VI hours from
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Bt or from IX. [t s here emdem that a ‘west
is e‘{actiy the same as an cast d%al onl} 11 3 con-
trary situation (sce pl. 4 fig. 5 no 2) but iastead
. of marking on it the morning hours, as IV, V, VI,
Bcc, veu must inscribe on it those of the atte,'rnoon
s I i, L 1V, &c. If an’ east dial be traced
iece of oiled pap v, and if the paper be

tted, but not turned upside down, on
twwn yeu :md thp lxght, you wzlt Seea

Tt may be ca*s:ly seen tna* thesé dials canniot shew
the hour of noon: for the sut does not begin to illu-
‘minate the latter dll that hour, and the £ former
ceases to be illuminated at the same period,

: PROBLEM IIK.

‘Ta df.rfrdie a bormfafzrm’ or a 'verrzr:al :oa:tb d:ai with-
aitt brwmg oceasion 1o find the fJartzry paints on the
egumadm! ; .

Lt the line' A B pi g ﬁg g, be the meridian of
 the dial, which we suppose a horizontal one 3 and
ler C be its centre ;: make the angle HC B equal to
the elevation of the pole, in order to find the posi-
tion of the style, and from the point B, assumed at
pleasure, but in such 2 manner that C B shall be of
a2 proper length, draw BF perpendicular to C H.

If we conceive the triangle B F C raised vertically
above the plane of the dia!, it will represent
the style, :

From the point C with the radlus & B, describe
acircle BD AE; and from the same eentre, with
the radius B F, describe another circle M Q N P.

Divide the whole ‘circumiference of the first

VOL. IIL T :

-



1o that meridian. ~ These parallels and perpendicu-
lars will meet in certain points, which will serve
to determine the hourdines. For example; the lines
Q 3, R 3, which proceed from the third of the cor-
responding points of division, will meet in the point

33 through which if € 3 be drawn, it will be the
position of the line of 3 o’clock ; and so. of the

pest, e i : o
lent that the larcer the circles, the more

It 15 evic :
“distiner will be the intersections, formed by the lines
drawn through the peints of division O and R.
“'Tt is remarkable that all these points of intersec-
tion are found in the circumference of an ellipse,
the greater axis of which is equal 1o twice CB; and
the less P Q_t(')-n"zice C N, or twice B F.

. The reason of this construction will be easily dis-
covered by geamenriclans. /oo o e

PROBLEM X ' -
To trace out @ dial'on any plane. whatever, either ver-
* tical-or inclined, decliving or mot, on any surface
aubatever, and even svithour the sun sbining.

' Tiuts problem, as may be seen, comprehends the
- whole of Gnomonics ; and the operation may be |
prictised by any person who knows how tofind the
meridian, and to consiroct an eguinoctial dial. The

solution of it is as follows,



TODRAW ANY DIAL. . #71

Ha\nng made the necessary preparatmn, pl. 5 fig.
10, mrace out a meridian line op 2 table, according
to the method taught in the first problem; and, by
means of this meridian, place an equmocual dial in
such a situation, that the plane: of it shall be raised
at the proper angle; that is, at an angle equal to
the elcwam:n of tim equater, or complement of the
latitude, and that it dime shall coincide with
the above meridian. Adjust along the axis a piece
of packthread, which ‘being stretched shall meet
the plane on which the dial is to be described : the
point where it mests this planc i3 that where the
style or axis ought to be placed, so as to form one
straight line with the packthread and the style of
the equinoctial dial.

. When this is done, and when the axis of the dial .
has been fixed, hold a candle or taper before the
equinoctial dml in such a manner, that the style
shall shew noon ; the shadow pr ojected, at the same.
time, by the pacmhre_ad or the axis of the dial
about to be constructed, will be the south line.
You must therefore assume a point which, together
with the centre, will determine that line. If you
then ‘change the position of the taper, so that the
equinoctial | dzai shall shew one o’clock, the shz.dow
projected by the packthread, or the axis of the
proposed dial, wul be‘the hour-lm& of 1 ; and so of

:he rest,

REMARKS, -

1. If the plane, on which the dial is to be de.
scribed, be situated in such 2 manner that it cannot
be met by the axis continued, according to the pre-
xedmg method, two supporters must be a&u;ed to



the plan ¢ 0F ing a rod of 1 mm,
so as to make one line with the packthread ; and
the OPmn may then he perfbrm@d as above
descrxbed %
. Instead of an equznactzal dlal ‘2 horizontal
one may be employed ; ‘provided it be placed in
such a mannper, that the south line corresponds w:th :
the meridian which ‘has been traced-out.
- TIL This operation may be performed in: the dav ;
time when the sun shines. © In this case vou must
emplov a mirror, the reflection of which will pro-
duce the same eﬁ'ect as the. taper or candle.

PROBLEM X1.

To. describe a boﬁzona’a‘[ dial in a parierre, by means

9}' plemr:.

A HORIZONTAL dial mlght be described by the
usual methods in a parterre, the hour-lines being
formed of box, &c; and a very straight tree termi-
nating in a’point, such as the cypress or sycamore,
p]*mred on the meridian ?me Imng employed as
a style.

Instead of a tree, a person might act the part of
a style, by standing in a very ecrect position, ina
place marked out on the meridian, propertioned to
his height; because according to this height the
place :m.sf vary. . For a short person, it will be
near the centre ¢f the dial; and for a 22ll one, at &
greater distance from it. A ﬁgu—e placed on a pe-
destal mlght serve at the same time as a style, and
as an ornament to the parterre.

»
1
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PROBLEM XI. -

To describe a wertical dial aﬁz.a}am of gfez':.r, w&'ic'.é.-
will shew the bours w&tbou: a. ije, by Mmeans q)" the
solar, rays. s ol 5

Ozanam relates. that. hc once constructed a ver-
tical decliping dial on a pane of glass in a windoew,
which had no style ; and by which the hours cauld

‘be known when the sun shone, :

I detached, says he, from ‘the window flame on
~ the outside a pane of glass, and deseribed upon it
a verdcal dial, according to the declination of the
window and the height “of the pole above the
horizon ; taking as the height of the style the
thickness of the window frame. I then fixed the
pane of glass against the frame in the nside ; having
given to the meridian line a situadon perpendicular
to the horizon, as it ought to have in vertical dials,
I then cemented to the window frame on the outside,
opposite to the dial, a piece of strong paper, not
oiled, in order that the surface of the dial might be.
more obscure.  And that [ might be able to know
the hours.without the shadow of a style, I made a
small hole in the paper with a pin, opposite to the
‘bottom of the style, which 1 had marked out. As
this hole represented the extremity of the style, the
rays of the sun ‘passing through it formed on the
glass a luminous point ; which, while the rest of the
dial was obscure, indicated thla hours in an agtreeable

Nanner.



T describe tbrec, and even four dials, on ax many dif
. Jerent planes, on which the bours ‘may be knoin by
the shadew of only ome axis. G

. Provipe two rectangular plancs, ABCD and
CBET, (pl 6. fig. 11and 12), equal in size, and
join them together by theline CB; so as to form
with cach other a right angle, the one being hori-
zontal, and the other vértical. oG
Then divide their common breadth' B C into two
equal parts in I ; and draw the perpendiculars I G,
1H, as the meridians of the two planes. Assume
the point G at pleasure, as the cenwe of the hori-
zontal dial, and if G 1 be made the base of a right-
angled ‘triangle GIH, in which the angle G is
equal to the height of the pole, the point H will be
the centre of a south vertical dial for that latitude.
Describe these two dials, viz. a horizontal and a
south vertical ene, which will have the same points
of division in their common section BC; and
extend a piece of iron wire, as an axis, from the
point H to the point G ; this wire will be the
common axis and style of the twodiale,  ~ *
- Lastly, having with any radius at pleasure de-
scribed a circle, trace out on it an equinoctial dial,
which must be placed on the axis G H, in such a
manner that it shall pass through its centre, and be
perpendicular to-its plane, and ‘that the line of 12
o’clock shall be in the plane of the triangle G I
- If this triple dial be exposed to the sun, so that
the line G I shall be horizonral and in the plane of
the meridian, it is evident that the shadow of the

=



vamwg nm;.s.; e e

'-a:.f:ls GH will s]}_ew zhe hcur on the thme dxals at

the same time, 7y

If it be requxred to ha*:e & fot:rth d.tai to shuw the
the same style 3 in thé plane of
e-para}lei to G ¥, and
dicular to the pl.ute ;
it the vertical plane in

thmngh tha». 10
of the mer:dxan ¢

ighe Lne K L, 1 plane in M N : the

I ‘both dials will be cut by these two fines

in poi ry two_corresponding ones of which

must be ers i"-lmcs; fox' cample,

the poin th
; _ 'ur‘s pn E}ze athar, ich

 the point of section ¢ :
will give on that plane paraliel hour-lines, such as
ought to be on 2 polar dial that has no declination :

thes:. four dials will shew the hour at the same time,

-and h} umms of ihc same sty /le or EIXIS G Il

. Af rmff:er met!}ad,
Pmudfﬁ :be A B CE D, {pl. 6 fig, 15,, an&
having divided the sides A B, CE, and B inid twe

equial parts, i the points H, G and I, draw the lines
G ki and G 1 then assuming these Imes as the me-

vidians of the horizontal plane C D, and of the ver-
tical one C A, and the; point G as the centre, describe
on the former a horizontal dial, and on the latter a
vertical ial, each adapted to the tatitude of the place

Assume the lines E M and E N, in such a manner,
that the .mg#e ¥ ¥ M shall be e wml to the latitude of
the place ; make C O and € P cqual to thew ; and
let a plane pass through M N and O P, 50 us to cug
off that angle of the cube ; this plane will intersect
the hourdimes of the two dials already tr aced out
in certain points, the corresponding ones of whxrh

will gwg the hour-lines of a third dial,




b '1 sty le,. Wh-i.‘_iﬁ' :

will n ficulty. For this -
purpose, W dicular to M N,
fix in a per lar po

fix ina meridian KT,
and in its plane, two supportérs equal in height to -
£ Q, beanng the style R S, prolonged towards cach
end, and parallel to KL : the shadow of this style
will shiew the hours on the three dials at the sane
doiat o o B

. PROBLEM XIV.

I any latitude, to forid the meridian ly one observation of
i the sun, and at any bhour of the day. '

. Provipe an exact cube, each side of which is
about 8 inches; and describe on the upper face a
horizontal dial, adapted to the latitude of the place.
On the vertical face, which stands at right angles to
the mesidian of this dial, describe a vertical one ; on
the adjacent face to the left an east dial, and on the
op{:'msite- one a west dial, each of which must be fur-
nished with the proper style. nne =
 When you are desirous of finding the meridian
on a horizontal pline, place this quadruple dial
on it, so that the vertical one shall nearly face the
south ; and gradually turn it 6ill three of these dials
all shew the same hour : when this takes place, you
may be assured that the three dials are in their proper
position. If a line be then drawn with a pencil, or
other instrument. along one of the lateral sides of
the cube, it will be in the true direction of the
meridian, e e :

It is indeed evident thart these three dials cannot
shew the same hour unless they are all placed in a
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proper position in regard to the meridian; their
concurrence therefore will shew that they are pro-
perly placed ; and that their common meridian -ig
the meridian of the place. =~ -

. PROBLEM Xv. :

To cwt @ stone '_'-.:l'm;a-"_;r;&ﬁgr#! -@,"’-’-‘,; on which all the
o regular dials can be described. '

LeT the square ABCD (pl. 7 fig. 14) be the
plane of the stone, which is*to be prepared so. as to
receive all the regular dials. If we suppose the
stone. to represent an imperfect cube, ot “any other
irregular solid, after all its faces have been smoothed,
it must be squared, and reduced to an uniform thicks-
ness,  When this is done, proceed as follows : On
the plane A B CD describe the circle HE L F, with
as large a radius as the stone will admit; and draw
at right angles the two diameters FE and H L.
Then make the angle FOI equal to 38 1 degrees,
which is the compiement of the latitude of London,
and draw . the diameter IOM; make the angle

4O G equal to the latitude 51 % degrees, and draw
the diameter G OK ; then through the points
L G, M, K, draw tungents to the circle HE L F,
which will meet the ocher tangents passing through
the points' H, E, L, I, and form part of the sides of
the square A B C D, that represents the plane of the
stone.. Cut the stone square, according to these
fangents, in order to obtain planes or facés perpen-
dicular 1o the plane of the stone A B C D, and the
stone will then be prepared for recciving on all its
faces the dials which belong to them. :

- On the face or plane which passes through the



-dmj, and on tba ogpo';ite “Iane l‘i\T P a mmﬁ vmﬁ“ccé :
one; Lastly, ifan eaﬂwﬁmml—dml betdeseribed on
 th side of the stone T M, and on the oppmsre s:de a
wvertical one, the whole will be complete.
it be re quired to have the stone hellow, or ratber
cut throw, h nothing will be necessary but o draw
- Hinies paral el to these tangents, #nd to cut the stone
sqﬁdre according to these lines, which will give, in
the inside of the stone, surfaces parallel to those on
(he outside.. On these internal suefaces, dialy
similar to’ those on the opposite e‘s:temal surfa-:-.s
m‘w hien be deseribed,

It is here to be observed, that when ti—ae stone is
thus made ho}law, neither an east nor a west dialcan
be described on it ; but if it be pl‘u.ed on a pcdcstal
in the form of 2 regular octagon, lmvmg one of s
faces turned directly towards the south, dxﬁerPIit
kinds of vertical dials may be describved on this
‘pedestal, viz. a south, a north, an east, anda west
dial, together with four vertical declining dials; 0
'ﬁaat' ot this storfe and s pedf. tal - zhms -m) ke
twenty or {wenty-hve dialss i

If the south vertical dial be p{a{:e{i d::tﬂz}y southy
and if the horigontal one be perfectly level, all ;hﬁsc
dws tngether Wlil shew: the sae heur. :

Fl "
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DIAL ON A GLOBE. 279

_ _;"-;'r.{)n—x.zm' xllf- ;
&) camfm:t a dial on the convex surface af-a- globe.

THis d:al whu.hm the sxmplest and most natural
of all, is fmmﬂd‘, by div‘izhng the equa,&onal circle
into 24 pars, Ha globe be ‘placed on a pedestal, in
such a manner that its axis shall be in the plane of
the meridian, and exactly elevated according to the
height of the pole of the place, nothing then will
be necessary to completetire dial, but to dlwde its
equator into’ a4 equal parts,

The globe, pl. 7 fig. 15, in this state, may be ;
used without any farther apparatus ; for one half
of it being enh;.,htt,ned by the sunm, the boundary
“of the illumination will exactly follow on the equa-
_tor, the moton of the sun from east to west. At
noon, it will fall on those points of the equator
turned directly to the east and. west, At one
o’cloek, it will have advanced 15°; and so on.
To 1endcr this globe then fit for being cmployed
as 2 dialy VI must be inscribed at the division which
c:urr;:apondf: with the meridian; VII at the follow-

" ing one, and so of the rest; so that the twelfth
will be exactfy in the point turned .towards the
west 5 then I, 11, IM, &c, will be under the ho-
- Tizon. Notnmg then will be necessary, but to ob-
serve what division corresponds with the boundary
of the light and shadow ; for the number belonging
to that division will be the hour.

This dial however is attended with a very great
' inconvenience ; as the boundary between the light
and shadow is always hadly defined, it cannot be



, Al _mev;eablf st pl 3
xis; which must be the same as that of the gl"'be.
ﬂaen, tuhen you wish to know the huur, m
half m -:shan in am:h a manner, that it shall _-pm__;ecr
5 o _ible, and this shadow will shew
tﬁ, fham- on the} aquamr. In tlm mse however it
y belonging
o the pmnts of dmsms__a in ihe_ .mendmn, vshm.id
'be mscnb\,ci on them 3 tha,t fRt

: .\I' T i3 PROBIJ?M X‘:"I!,.

ﬁ 'mmér' éma’ of dzaf in an ar mv’ﬁ:vy -*pﬁmz.

1m$ dza] s equaliy 51 ple a8 tiw pmtel gy q..;d
s atfa.ndecl with this mv&ﬁtages, that 1t may serve by
way of ornament in a garden. i

buncezm an armillary g ohere, pl ;r hg, 16 COf-
sisting only of its two coi‘- e, its ‘&quator, and zow
dxac, and ﬁn"mshad with an axis yﬂau'm thrcugh
i. If we suppose this sphere to b placed on a
pedestal, i such a manner that pae of its colures
shall supply the place of a meridian, and that its Axis
shall be directed towards the pole of the plate, it
is evident that the shadow ‘of this axis, by its uni-
form motion, will shew the hm.rfs o the equator..
if th.c squamr therefure be. dxvxde& mr&r 24 eqnal-
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parts, and if the numbers belonging to the hours
be inseribed at these divisions, the dial will be con.
Stgucted, L s R Eeh TR

*"But as the equator, in general, is not of sufficient
thickness, the hours must be marked on the in-
side of the zone which represents the zodiac; and
which on that account SHould be painted white, Bu¢

quarter of the zodiacin ua
dow of the axis, which passes over

the equator, will pass over pnequal ones on the zo-
diac: these divisions will be narrower towards the
points of the greatest declination of that circle ; so
that the division in ‘the zodiac nearest to the
solstitial colures, instead of 135° which are equal
to the interval of an hour on the equator, ought to
comprehend only 13° 457 the second 14° 15'; the
third 15° 207; the %burth 157 25%; the fifth'15° 55%
and the sixth, or that nearest the equinoxes, 16°
20, 1t is in this manner ‘that the zodiacal band,
on which the hours are marked, must be divided ;
othérwise there will be several minutes of error;
but each interval may be divided into four cqual
parts for quarters, without any sensible error,
Transversal lines may then be drawn through the
breadth of the zodiac, taking care to make them
concurin the pole. We have seen dials of this kind
constriicted by ignorant artists, who paid nio atten.
tion to the above remark, and which therefore were

very ince rrect.
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: --.:a!e:r dxaf 63- means. gf w&ﬁ a éé’m@
ﬁ‘ermn may k'zm:' 255' bmr.r. o

Tms may appear a paru&ox but we shall shew
that a sun-dial might be erected near an hospital for
 the blind, by whxch its. inhabitants coulxl tt.!! the
hours of thie dags 5
i a glass globe, 18 mghes in draﬁ._tcr_, be filled
with water, 1t will havé its focus at the distance of
g inches from its surface ; and the heat produced in
this focus will be so. consxdemble, as to be sensible to.
the hand placed in ir. This focus also will follow
the course of the sun, since it will always be
- diametrically opposite to it; and therefore, to con:
struct the proposed dial, e may proceed as fol-
Jows :

Let the globe be surrounded by a pottion of a
concentric sphere, g inches distant from its sur
face, and comprehending only the two tropics, with
the equator, and the two meridians or colures ; and
let the whole be exposed fo the sunina proper po-
sition ; that Is, with the axis of the giuue Psﬂ'd]i\.l to
that of the earth. :

Let each of the tropxcs and the ﬁquamr be divldm.
into 24 equal parts ; and let the cor r::%pcmdmg patts
be connected by a small bar, repremmmo‘ a portion
of the hour circle comprehended berween the two
tropics. By these means all the horary circles will
be represented in such a manner, thata blind person
can ‘count them, beginning at that which cor responds
to noon, and whu:h may be easily ax:,tmguxshed by
some paracular form, :
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 AWhen a blind person then wishes to know the
hour by this dial, he will first put his hand on the
neridian, and count the hour circles on the bars
which represent them ; when he comes to the bar on
which the focus of the solar rays fall, he will rea-
~ dily perceive it by the heat, and ‘consequently will
know how many hours have elapsed since noonz
or how many must elapse before it be noon.
Fach interval between the principal bars, that in-
dicate the hours, may be easily divided by smaller
ones, m order to have the half-hours ands quars

rores o s

* PROBLEM XIX,
Method of arranging a horizental dial, constructed for
any particular latitude, in such @ manner as to make ié
shew the bours in any place of the earth. e

Every dial, for whatever latitude constructed,
may be disposed in such a manner as to shew the
hour exactly in any given place; but we shall here
ecnfine ourseives to a horizontal dial, and shew
how it may be employed in any place whatever.

- 1st. If the latitude of the place be less or greater
than that of the place for which the dial has been
constructed, after exposing it in a proper manner,
that is, with its meridian in the meridian of the place,
and its axis turned towdrds the north. nothing will
be necessary But to incline i till its axis forms with
the horizon an angle equal to the latitude of the
place in which it is to be used. Thus, for example,
3£ ir 'has ‘been constracted for the latitade of Paris,
which is 49°, 50/, and you wish to employ it at
Londen, in latittde 51° 31/ as the difference of



1% 41/, the plane of the dial muft
_ orizon an 2ngle of 1° 41/, as seen
in the figure, pl. 8 fiz. 17, where S N is the meri-
dian, A BC D the plane of the dial, and ABE,
or a b e, the angle of the inclination of that plane
to the horizon. * If the latitude of the primitive
place’ of the dial be less than that of the place for
which 4t is used, it must be inclined in 2 contrary
ERGHBRD Y T T G e
. 2d. When the second method of rendering a ho-
rizontal dial universal is employed, the hour-lines
must not be described on it, but only the points
of division'in the equinoctial line, as taught m the
sth problem.  In regard 1o the style, it must be
moveable in the following ‘manner. Let A RC,
pl. 8 fig. 18, represent the triangle in the plane of
the saeridian, where N B is the axis or oblique
style, and A B the radius of the cquator. - The
ftyle must be moveable, though it always remain in
the plane of the meridian, so that the radius AB
of the equator, having a joint in the point A, may
form the angle B A C equal to a given angls ; that
is, equal to the complement of the latitude. For
this reason ‘a groove must be formed in the meri-
dian, so as to admit this triangle to be raised up or
lowered, always remaining in the plane of the me-
ridian. R e

- When every thing has been thus arranged, to
adapt the dial to any given latitude, such as that
of 51% 317, for example; take the domplement of
51° 21, which is 38° 2¢/, and make the angle
B A C= 38729’ The style then will be in the pro-
per position, and the dial being exposed to the sun,
with its meridian corresponding to the meridian of
the place, the shadow of the style, which ought te
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on of thi émi the table af the
'en m pﬂﬂ:} 20, must b-e
emﬁloyed 8 P
Along fhe bmtom uf the style pl 10 fag 28,
draw the meridian line AB, of any length at
pieasure; ;md f‘fom the centre C de:,gcnbﬁa thmugh






'angias“‘c.&ll.lﬁ M, HAG, & Havqg_g _rhan-
¢ assumed the fine A C, as t&a@ corresponding to thes
- a1st of Decemnber, the day of the winter sqls‘ace,,
-take, from the third table, the sun’s zenith distance
for gach hour of.the day, ,when he eaters xcaprzcorﬁ»'
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equal to_:;fhe sun’s azimuth
table, at the hours of 1t and-r,
do the same thing in rega
the _commenceﬁmm :

the me&b- }J.l!l’i& svhich must ﬁﬁceasaniy be
curve, 1f the hngb %@ gquaﬂy spaced th.. dxal
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be necessary. -

As the needle will a‘v:a‘ s be 22 taﬁ far -tﬂm;ﬂﬁ-
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let bgﬁ__ﬁm ina posmon exactly
fr L 11‘ wﬁi :nchcate

two in d:amctet, ‘may be applied to the summit of
the style, and be filled with water till its surface be
-exactly on a level with the emremxty of the styic 3
the light reflected from it will indicate the hours in
the same manner, and will be more casily ohserved
in cloudy weather, when the sun scarcely appears;
“because the surface of the water will generally have
a small movement, which by makmg the light
- tremulous, will render it perceptxbie notwnhstand-
ing its weakness. .

| Anazbér Metbod,

Place, in any part of the bottom of 2 window, a
small goblet, and fill it with water to a given helght.
Place also, on the bottom of the window, a sun-
dial, and when the shadow of the style falls on the.
hour of noon, mark on the ceiling or wall, which
receives the reflected light of the sun, the central
point of the image of that luminary: do the same
' thing in regard toall the other hours, and ‘mark these
points with the hours to which they carrespond

Two or three months after, when the sun’s declin-
ation has considerably changed, if the same epcm
tion be performed, you will have two ints of
gach hour-lme ‘and if the surface, on w&z:h thcy
are traced oug, be a plane, to obtain the required
hour-line, nothmg will be necuaaaq but to join
them by a straight line.

But if the surface, which receives the reflected
hight, be curved or wrregular, to obtain the hour-






Emry .mn-dm!' bawmr amemfe!y cammz il iy
fa!':t, and e mmé{}* 50y in rggard 10 1 &wn
- Hear sureset. ey

THE truth of vrhat is here acserted wﬁi be
readily perceived by astronomers, who are acquaint~
ed with the effects of refraction.  The following
observations will make it sensible to our readers.

. It is a fact, now well Known to all phliosephez:,,
that the heaven}y bodies always appear more ele-
vated than they really are, except when they are in
the zenith. . This phenomenon is produced by the
refraction, which the rays of light, proceeding from
them, experienee in the atmosphere ; and the effect
of it is very considerable in the neighbour hood of
the horizon ; for when the centre of the sun. is
-really on the hprucn, he still 3ppeara to be elevated
more than haif a dngme, or 33 minutes, which in
our latitudes is the quantity of the horizontal refrac-
tion, The centre of the sun then is really on the -
horizon, and. astmnormcally set, when his lower
limb does not touch the horizon, but is suii distant
from it an apparent semi-diameter of the sun. -
~Let us suppose them, tharwen the day. of the.
equinox, for cxample, the hOhI'IP.ﬂlC-it&d by ver-
tical wes;—dlﬁl near the time of sun-settmg, has
been observed at the moment when 2 well regulated
sirikes six: the shadow of the style ought to
the hour of six, and it would indeed be so if

& sun were on the horizon; but being clevated
3 minutes above the honzan, the shadow of the
style will be wnhm 6 hours, for it is by the appaxen;-
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image of the sun that this shadow is formed: it
will even not reach that line till the sun has still
- descended 33', for which he will employ, in the
latitude of London, about 3™ 28 of time. ' But,
in ‘a2 sundizl, an error of 3™ 28%is more than
sensible. R

~ If the san be at the summer solstice’; as he em-
ploys in the latitude of London more than 4/ to de-
scend verticaily 13 minutes on the horizon, on ac-
count of the obliquity with which the tropic cuts
that circle, the difference will be more sensible ‘as
the ‘space passed over by the shadow berween the
hours of 7 and 8, is suﬂ?’ciemly great to suffer an
error of a tweklth or a fifteenth to be very percep-
tible. - We have seen, on a dial of this kind, the
point of the shadow, which ought to hate fallen on
. the line of % o’clock, more than an inch distant
from it ; though at all the other hours of the day
the dial was very exuct, and corresponded with an
excellent watch which was compared with it. We
shall therefore describe a method of constructing
a sun-dial, by which this inconvenience may be
obviated. e -

PROELEM XXVIL '

To tonsiruct a : sun-diag! which, notwithstanding - the
effect of refraction, shall indicate the hour exactly,

We shall here confine ourselves to the example
of a vertical dial without declination; turnsd directly
south, and for the latitude-of 48° go’; but the
same expedient may be easily applied to any other
vertical dial,” and even to 2 declining one for any

other latitude.



Let C | he dial (pl 12 fig. 26)
to be constru A1 the'south line. In- any
point P of that line, fix an upright style, consisting
of an iron pin placeti pcrpendlcular to the plane of
the d!al, and terminating in a round button, 7 or §
lines in diameter, so that the centre of this button
shall form with that of the dial a line parallei to the_
celestial axis,

‘Then set off the. !enpth of this style, taken from
the centre of the button, from P to A ; and thwugh
the point P draw the borizonial line Q_R

Let itnow be required to trace out, for example,

the line of 4 o’clock in the 41‘r<,rmen Consider
A P as radius, and from A, as a centre, with the
distance A P, describe a quadrant ‘Then find the
sun's azmmth‘ at 4 o’clock in the 2fternoon when
he enters capricorn, for the latitude of 48° 50/, and
the same azimuth at the same hour when he enters

-aquarius or sagiearius, libra or aries, taurus or
virgo ¢ these four azimuths will serve to give four
points for the line of 4 hours, which will be suffi-
_cient. The sun’s azimuth at 4 in- the afternoon
when he enters capncarn dor lat. 48° 50/, will be
found to be ' 52° 35'; for.this reason draw A K in
such 2 MAnNET, that the angle K A P shall be equal
to 52% 45'; that is, lay off an angle equal to that

_ quantity by means of a protracter, or make the arc
?’k eqznl to thas number of degrees and. minutes.

Draw, in like manner, for the other three signs,
the liness AL, AM, and AN, makmg the angiei

' _;PA L;PA M,,P AN, respectively equal to 54° 28/,

B6% 30, 74° 21, and then draw Lhe »mdeﬁmte ver-

"'f"'sKF LG, MH,and NI,

. Next find the sun’s “altitade gt 4. in the aftemeon

when he enters: capru.om this alquke,, ifor Jat.

ey












180 parts or degrees, reck@ning ¢
the point G, which is the south point ¢ the points
of go degrees, which divide edch of the intervals
H G, G F into two equal parts, are the points of 6
in the morning and 6 in the evening, which on the
cylinder will be diametrically opposite ; as the south
fine G XII is diametrically opposite to the line F1
" or HL, which we must suppose to be joined, and
on the cylinder to form only one lipe. .~ '~ -
Then through each degiee of the ar¢ ¥ M draw
secants, which will mark ‘out in succession, on F L
the tangents of 1,2, 3, &c, degrees, to 64° 129,
" beyond which it is needless to go, as a greater
‘number cannot be employed. .
~ To inscribe the hours on the dial, and to mark,
for example, the point of X in' the morning and it
in the afternoon, for the time when the sun enters
- the sign &=, look in the table of the sun’s azimuths,
and opposite to X and H, you will find §3° 40/, the
sun’s azimuth at X or I, when he enters into .
In the table of altitudes, look also for the sun’s
altitude at the same period and hour, which witl be
found to be 55® 22 Then count, on the hori-
zontal line T H of the dial, from the south point G
towards F, £1° 4¢' for the sin’s azimuth, and oft
the vertical line ¥ |, count from F the altitude 55°
- 22’3 then through the points where these numbers
terminate, draw two lines pafallel to the respective
 sides of the rectangle, and the cint where they m-
tervect each other will give the our-point ‘Tequired.
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Tt is here to be observed that the . avemng hours
must be on the right of the south lme, and the
morning ones on the left.

That the reader may be berter enabied to
comnprehend this operation, we shall suppose, for
example, that it is. requzred to find the point cor-
~ sesponding to VII in the morning, or V in the
afternoon, when the sun enters the signs ¥ or m.
By mspectmg the before-mentioned tables, it will
be found that the sun’s azimuth, at VII m the
morning and V in the aftemoon, is 86° 213/, and
that his altitude at the same time 1s 18° 2¢’, Count
therefore on F G, from G, 86° 23 for the suns
azimuth, and on the line F I, from F, 18° 24
for his altitude : the point where the two lines
drawn parallel to the sides of the rectangle, through
these divisions, intersect each other, will be that of
Vil in the morning or V in the evening, when the
sun enters y or m.

Af the points thus found, for each hour, at the
sun’s entranceinto each of the signs, be then joined,
which will require only seven operations, the lines
thar join them will be the hour-lines ; ; and if all the
hours of the day, when the sun enters each sxgn,
joined also by curved lines, these seven lines will in-
tersect, the hour-lines, and be the parallels of tﬁe
commencement of the signs.

“Fo knaw the hour on this dial, it will be first nes
cessary to find in which parallel the sun is, and to
observe where that parallel is ' intersected by the
shadow : the hour-line passing through the pomt of
interseetion willindicate the hour. Let us suppose,
for example, that the shadow of the style, on the
day when the sun enters virgo, intersects. the pa-
rallel of that sign PQR, in the point O, which is



setween the points where that

lines of the hours VILI and
Baiin e conclude that it is half an
Toite fiad e e sy

. : T Yo :

. The hour may be known also by observing, as
taught by Ozanam, where the line of the sh
of the cylinder intersects the parallel of the
‘but as this line is never well terminated, as alrea
mentioned in regard to dials constructed in the form
of a globe, this i1s not to be recommended.

L

.. REMARKS.

1. The useof this dial will be more commodious,
if, instead of the signs of the'zodiac, the months of
the year be emploved ; for every one knows the day
of the month ; but few except astronomers know the
sign corresponding to each month, or to what third
or quarter of a sign any day belongs. Tor this -
purpose it is necessary to consalt an almanac. :

This chznge on dials of this kind may be easily
made ; for we snay assume as true, without .any-
sensible error, that the teath degree of each sign
corresponds to the first day of each nronth, as the
equinox falls, for the"most part, on the ztst of
March. Instead then of taking the sun’s azimuth
and altitude at the commencement of ‘the signs,
«nothing will be necessaty but totaket at every tenth
degree of each sign. - Then by performing the same
operation as thatabove taught, and joining the pomts
belonging to the first of each month, you will have
the parallels of the commencement of each month,
and the hour may be known with great eases

II. Small portable cylindrical dials, which shew
the heur by means of a siyle affixed to the moveable.

r
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top of the cylmder, are also wsed. The style is
placed on the, current signs and being turned
directly to the sun, the length of the shadow on the
‘azimuth, parailei to the 'axis of the cylinder, shews
the hour.  As this dial may be easily constructed,

we shall say nothmg fatther on the subject. A
description of it may he seen. in most buoku on
Gnemamcs. S5 :

s PRB-BLEM xxxx
Ta de:mbe a partabie d;a; ena guarimnt. _

As the canstrucnop of* this dial depcnds also on
the sun’s altitude at each hour of the day, in a de.
terminate latitude, according to his place in the
zodiac, the tabies before menuaned must be em-
ployed here also. '

Let ABC then, pl. 15 fig. 29, be a quadrant,
the centre of which' is A, From the centre A .
describe, at pledsure, sevexﬁ{uadrmts equally distant
from each other, to repzesent the commencement of
the signs of the zod;ac, the first and last bein
assumed as the tmpxcs, and that in the middle as
the equator. Mark on each of these parzﬂlels of
the signs, the points of the hours, accerding to the
altitude which the sun oy 'Eht to have at these hours,
which may be found id the table above mentioned.s
To determine for examplc, the point of I in the
afternoon, or X in the morning, for the latitude of
London, when the sun enters leo; as the table
shews that the sun’s altitude is at that time 50° 56/,
make in the prqposed quadrant ‘the angle B.& O
equal to 50° 56/, and the'place where the parallel
of the commencemem of leo is mtersccted by the
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lme A O mll be the reqmwd pemt of Il in the after-.
- noon and X in the 1 1

Having made sumlar comtmchon for aII the

other hours,x on the day of the sun's entrance into
each sion, nothing will be necessary but to join, by
curved lines, all the points belonging to thesame
hour, and the dial will be completed. “Then fix a
small perpendicular style in the centre A, or place
on the radius A C, or any othér line parailel to it,
two sights, the holes of which exactly corresPOnd
and from the centre A suspend a small plummet by
means of a silk thread.
- When you use this instrument, place the plane
of it in such a manner as to be in the shade ; and
give such a direction to the radius that the shadow
of the small style shall fall on the line A C, or that
the sun’s rays shall pass through the two “holes of
the sights : the thread from which the plummet is
suspended will then shew the hour, by the point
where it intersects the sun’s parallel.

To find the hour with more cnnvem&nce, a small
bead is put on the thread, but in such a manner as
not to move too freely. If thls bead be shifted to
the degree and sign of the sun’s place, marked on
the line A C, and if the instrument be then direct-
ed towards the sun, as above mentioned, the bead
will indicate the hour on the hourﬁlmc which it
touches. :

RJ:. MARK.

To render this.dial more cam'nodmuss and f‘“’
reasons already mentioned in describing the cylin-
dric dial, it will be better, instead of the signs, t©
mark the days of the month on which the sun
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gnters them, For example, instead of marking the
~small circle with the sign v, mark December 21 ;
close to the second place on cne side January 21,
~ inspead of s, the sign of aquarius; and on the
other November 21, instead of #, the sign of sagit-
tarius, &c 3 for if we suppose the equinoxes inva-
riably fixed at the 23st of March and the ztst of
Seprember, the days on which the sun enters the
different signs of the Zodiac will be nearly the 21st
of each month : to use the dial, nothing will then
be niecessary but to know the day of the month.

: R
PHROBLEM XXX,
To describe a partable dial on a card.

Tais dial is generally called the Capuchin, be-
cause it resembles the head of a Capuchin friar with
the cowl inverted. It may be described on a small
piece of pasteboard, ¢+ cven a card, in the following
manner. S g ;

Having described a circle, pl. 15 fig. 30, at plea-
sure, the centre of whaich is A, and the diameter B -
12, divide the circumference into 24 equal parts,

‘or at every 15 degrees, beginning at the diameter B
 12. If each two points of division, equall? distant
from the diameter B 12, be then joined by parallel
lines, these parallels &ill be the hour-lines ; and that
passing through the centre A, will be the line of
six o'clock,## - et vy :
. Then at the goint 12, make the angle B 12 +
equzl to the elevation of the pele. and having drawn
through the point ., where the line 19 o intersects
‘the hine of 6 o'cloek, the indefinite line = », per-
pendicplar to the line 12 o, draw from the extre-

N\
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h make with the line 12 «, an angle
s, which is the sun’s greatest declina

" The points of the other signs may be found on

‘this perpendicular o« vp, by describing from the

point «, as a centre, through the points gs,’ss, the
circumference of a circle, and dividing it into 12
equal parts, or at every 30 degrees, to mark the

commencement of the 2 signs. Join every two
‘apposite points of division, equally distant from the
points o, 1y, by lines.parallel to each other, and

perpendicular to the diameter « 7 : these lines will
determine, on this diameter, the commencement of

the signs; from which, as centres, if circular arcs

be described through the point 12, they will repre-

sent the parellels of the signs ; and therefore must

be marked with the appropriate characters as seen ini

the figure, = : :

A slit must be made along the line « up, t0 ad-
mit 2 thread furnished with a small weight, suffici-
ent to Stretch it; and in which ft-must glide, but
not too freely ; so that its point of suspension can
be shifted to any point of the line '« 1p at pleasure.

These arcs of the sipais will serve to indicate the
hours when the sun shines, in the followmg man- -
ner : Having drawnat pleasure the line C paral-
1t to the diameter B 12, fix -at its extremity G a
small style in a perpendicidar direction, dnd turn

. the plane of the dial to the sun, s that the shadow

of the style shall cover th Cw: the
thread and plummet being then freely suspended

from the sun’s place, marked’on the line = w, will
indicate the frour on the atc of the same sign .??-U.l_"?'
battomuuso . e
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' The thread may be farnished with 2 small bead
to beused as in the preceding problem,

Co 0 mEMaARK, T

This dial originated from an universal rectilineal
dial constructed by Father de Saint-Rigaud, a jes_u_it;
and professor of mathematics in the college of
Lyons, under the nawne of dnalemma Novum,  Bug
though Ozanam has given a conspicuous place to it
in his Recreations, as well as to auother universal
rectilineal analemma, it appeared to us that hig
description of them was tao 3c?)-t%ﬁgiex to be admitted
it pmerk ofthiciond s e R T

_ PROBLEM XX XI.
Methed of constructing a Ring-Dial,

PorTAnLE ring-dials are sold by the common
instrument makers; but they are very defective,
The hours are marked in the inside on ong line,
and a small moveable band, with a hole in it, ig
shifted till the hole correspond with the degree and
sign of the sun’s place marked on the outside. Such
dials however, as already said, are defective; for as
the hole is made common to all the signs of the
zodiac, marked on the circumference of the ring, it
indicates justly none of the hours but noon: all the -
rest will be false. ' Instead of this arrangement therea
fore, it will be necessary to describe, on the concave
surface of the ring seven distinct circles. to represent
as many parallels of the sun’s entrance into the
signs 3 2nd on each of ‘these must be marked the

¥OL. 11, T '
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Now to find the hibur-points on the circle, t_g:{'_t
cotresponding to- the commencement of aguarius,
‘for example, through the point K, which corresponds
to the suns into. that sign, draw K P
parallel to A € 0 the line K32: from the

. ‘samié point K describe, between K 12 and the hori-

3 .on which set off,

altitude at the differ-

gglrom R fowar 1eS
ent hours of the day, when he enters sagittarius and
aquarius, as seen in the figure; and if hnes be then
~drawn from K to these points of division, you will
have the hour-points of the fwo circles correspond-
ing to the commencement of sagittarius and aqua-
rius. By procesding i the same manner for the
sun’s entrance into the other signs, you ‘will have
the hour-points of -the circles which correspond to
them. S N e
Then tiace out, on the ‘concave surface of the
circle, seven parallel circles, pl. 16 fig. 33, that
in the middle for the equinoxes; the two next
én each side for the commeéncement of the signs
taurus and virgo, scorpio and pisces; the follow-
ing two on the right and left for gemini and
leo, sagittarius and aqyarius ; and the last two for.
cancer and capricorn @ af t.be sitnilar hour-points
" be then joined by a curyed line, the ring-dial will
be completed.. - - e
The next thing to be done, is to adjust propetly
the hole which admits the solar rays 3 for it ought
. to be moveable, so that on the day of the equinox |
it miay be at the point A ; on the day of the sum-
_mer solstice at G ; on the day of the winter solstice

st L; and on the other days of the year in the in-
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termediate positions.  For this purpose the exterior
part of the ring CB D musg have in the middle of
it a2 groove, to receive a small mioveable ring or
hoop, with a hole in §t.  The divisions L, K, £, A,
E, ¥, G, must be marked on the outside of this
part of the ring by paralle! lines, inscribing onone
side the ascending signs,. and on the other the de-
scending : when this construction has been made, it
will be easy to place the hole of ‘the moveable part
A on the proper division, or at some intermediate
point ; for if the ring be pretty large, each’ sig‘t.’
- may be divided into two or three parts.

."Yo know the hour ; move the hole A to the pro-
per division, according to the sign and degree of
the sun’s place; then turn. the instrument in such
a manner, that the sun's rays, passing through
the hole, may fall on the icircle corresponding to
the sign in which the sun is: -the d?vision on
which it falls will shew the hour, '

" 'REMARK.

I. To render the use of this instrument easier,
instead of the divisions of the signs, the days cor-
responding to the commencement of the signs
_‘might be marked out on it: for example, June
‘21 mngtead of =; ‘April 2o, August 20, instead of
=% and ap, and S0 SR TOE S i

. 1L The hole A might be fixed, and the most
proper position for it would be that which we
: ﬂﬁ%ﬁﬂly’ assigned to the day of the equinox; but
in this case, the hour of noon, instead jof beng
- found on a horizontal hae, for all the circles of
the signs, according to the preceding method,
would be a curved line j and all the other hour-lings.
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would be curved liges also. As this would be
attended with a considerable degree of embarrass-
ment and difficulty, it will be better, in our opinion,
that the hole A-should be movesble..

PROBLEM XXXI

Haw the shodoo of a style, on a Sun-dial might go
" bogkwards, withat @ miracle.

~ Tws phenomenon, which on the first view may
. appear physically impossible, is. however very
natural, a3 we shall here’shew. It was first re-
‘marked by Nonius or Nugnez, 3 Portugiiese mathe-
matician, who lived about the end of ‘the sixteenth
century. Itis founded on the following theorem.

In all countries, the zenith of which is situated
between the equator and the tropic, as long as the
sun passes beyond the zenith, towards the apparcnt
or elevated ‘pole, he arvives twice before noon at
the same azimuth, and the same thing takes place in
the afternoon. : . _ ok 4

Let Z, ph 17 fig. 345 be the zenith of any place

situated between E the equator, and T the point .

threugh which the sun passes: on the day of the
summer solstice; let the circle HA BKH re-
preseat the horizon g R 1Q ‘one half of the equa-
" tor; TT the eastern part of the tropic above the
horizon, and & T the western part. It is here
evident, that from the zenith Z there nay be drawn
an azimuth circle, such as Z I, which shall touch
the tropic in a point O, for example; and which
shall fall. on the horizon. in a point L situated be-’

tween the points Q and ¥, which are those where -

the horizon is intersected Dby the cquator and the

L4



tropic; and; he sar '55‘50?&, thm'e may.. be

and conbeq?_ 1y rising in the point ¥; and leta
vertical style A o indefinite E&rigih bg erected in
€. DPraw also the lines LCK, and FCN; it is
cwdem that at the moment of  sunerise’ the ghadow -
of the style will be projected in G N; and. that
- when the sun has arrived at the point of contact ),
the: 5hadmv will be projected i CR. - While the
-sumis passing over ¥ Oy it willomove from CNto
G K, but when the sun*has reached the meridian,
- the shadew il bein the line C By it will thege-
fore have gone back from € K 104 € B: from shn-
rising to noon then it will liave gone from C N <o
CK and fibm' LK 0 C B3 consequently it mll
“have moved 4n Z.QOMrary ot retmg;aﬁie direction 3
since it first. msmd from thesouth towards the: 'west,
and'"tilen rom the west towards the south. _
Liet us next suppose that the sun rises between."-
the points ¥ and I, In this case the parallel hede-
scribes b@farc‘noan will evidently cut the-azimuth
L1 an two points ;- and therefore, -in thie course-of
a.day, the shadow will ‘firse fall within the angle
K CLj it will then progeed towards C K, and
even pass beyond it, -going out of the angle ;- but it
will again enter it, and, ad»anm'lg towards the 1ne-
ridian, will proceed thr:nce towards the eagt; even
beyend the line € 'L, from which it will'return to
disappear with ﬂ'if.‘ ssmng oi' the sun. wbm the
: anqiﬁ.LG»Ba.'“ . b
It is found 1 gca{culmzmn, ﬁmt in gh@ }a d
e degmes, when the sun is in the tropie ©
same eltl«?r, tl“!xe'.L t\m imes (‘ N and C

N
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the meridian on the proposed day; then observe
the hour indicated by the 'moon on a horizontal
sun-dial, “ and opposiie to the same hour on the

Ctwedwerioltheday. 0 5 e '

To construct - dial 1o shew the hour by the Mion,

To employ a dial of this kind, it is necessary to
know the moen’s age, which may be always found
© either by a common almanac, or by some of the
methods we have already pointed out, under the
head-astr‘anomy. Qe ea gegn tr pes s

To describe a lunar dial on any plane whatever,
sucli for example as a horizontal one, first trace our
on it a hotizontal sun-dial for the given latitude,
and“draw the two lines 57, 39 parallel to the
equinoctial, pl. 18 fig: 375 the first of which being
assumed as the day of full moon, the second will
represent that of mew moon, where the lunar hours
correspond  with the solar; mad---henpg,.ﬂ?q - hour.
points marked on those two parallels, by lines pro.
ceeding from theeentre of the dial A, are common
to the sun-and the moon. = Ve

- Then divide the §pace bounded by the two parallel
lines < 9, 57 into 12 equal parts; and through the
points of division draw as many parallel lines, which
will represent those days of the moon when she
successively recedes au hour by her own motion«
‘towards the east, ‘and on which she consequently
passcs the meridian every day an hour Iater.  The
Srst paraliel 4. 1o being the day on which the moon .
passes the meridian é_nnﬁo‘ur later than the sun; the ~
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Lastly, if B G and B g be made équal to'25° 285 -
the line A G will correspond to cancer, and Ag 1o
capricﬂm. i e i

We shall now suppose that it is required “to
describe the arcs of the signs on a horizontal dial :
having fixed in the proper place, as above directed; ™

~an upright style 8 T, fig. 39 and 40, draw the equi-
noctial and hour-ines ; and-on A B raise a perpen-
dienlar A D, equal to ' P the distance of the summit
of the style from the centre of the dial .

Now, if you are desirous of having marked on the
meridian the seven points of division of the arcs of
the sifns, make A C; fig. 29, equal-to RT, the «
distance of the summic of the style from the equi-
noctial ; and draw the line D €, which will intersect

- the lines of the signs; in the points 6,4,°2, C, 1,
3» § vif these points be transferred in tlie same order
to the meridiany fig. 49, making R 6 equal to C 6,
RgtoCyg,R2t0Ca; R1toC i1, &e, you will
have the points through which the sun passes at
noon, on the days when he enters into the different
Signs. i e e

Let it now be reguired to find the same points on -
one of the hour-lines, that for example of i and
IX. From the bottom of the upright style S let fall
on that hour-line P M a perpendicular 8§ V, fig. 40,

- and continue it till & meets, in the point N, the
semicircle described on. P M as a diameter: then
make A-H, fig. 39, equal o P N, and A1 equal to

PM; and draw HI through the triangle of the

signs : this line will be intersected by the seven lines
of the signs in seven points, which being transferred,
in: the ‘same order, to the hour-line proposed, will
determine those where it will be met by the shadow
YO, 1. A B T T &R /
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_'=beg=m at sun-rise ; they were counted, to the number
of 24, to sun-rise of the day following.

The modern Italian hours, for the antumt Romans
‘counted nearly as we do from midnight to midnight,
are reckoned to the number of 24, from sun-set to
“sun-set of the day following ; so that on the days of
the equmc#x noon takes place at the 18th hour, and
then, as the days lengthen, the astronomical noon
hqppens at 17} hours, then at 17 hours, &c; and
‘vice versa. This singular and inconvenient. method
has had its defenders, and that even among - the
French ; who have found ‘that with a pencil, snd 2
Little astmnomu:al calculation, one may fix the hour
of dinner with very little embarrassment:

However; as these hours are still used throuyrhout
almost the whole of laly, we think it our duty to
shew here the method of &escnbmg them, by way
of a Gnomomcal curiosity.

PROBLEM XXXVIII.
To trace out, on a dial, the Italian bours.

Descrisr first on the proposed plane, which we
here suppose to be a horizontal one, a common
horizontal dial, with the astronomical or European
hours : delineate on it also the arcs of the solstitial
signs, cancer and capricorn; as well as the equi-
nogtial line, which is the o of the equinoctial

i i
ag%‘hm abserve that on the dzys of the equinox,
noon, for a dial canstmbeed at London, takes place
at the end of the 18th Italian hour ; and on the day
‘of the summer solstice at 17 minutes after the 16th
hour, Ncon, thersfore, or 12 hours, ceunted ac-
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period, will correspond to 1 it the afternoon count-
ed astronomically,: To have thechourdine of the
17th Italian hour therefore, nothing will be neces-
sary, but to join the point of 1 in the afternoon, on
the are of caricer, and thé point of npon on the
equinoctial.  And the case will be the same with

the other hours. rad

~ PROBLEM XXXIX. '
T trace out on q diad the lines of the natural or Fewish

- W have already said, that the equal hourswhich
can be counted from sun-rise’ to sun-set, to the
number of 12, are called the natural hours; for it is
this interval of time which really*forms thie day.
This kind of hours may be easily traced out on a
dial, which we shall here suppose to be horizontal.
For this purpese, it will be first necessary to draw
the equinoctial, and the two tropics by the preceding
methods. = ZERe et i %
Now it n\mst be observed thar as, in the latitude of
~“London, the sun; on the day of the summer solstice,
rises at 3" 43° and sets at 8' 177 the interval .
between ‘these periods is equal fo 17" 3475 con:
sequently, if we divide this duration into 12 parts,
each of these will be about 13 hour : for this reason,
draw lines from the centre of the dial to the -points
of division on the -equinoctial, corresponding to 5%
hours, to # hours, to 8§ hours, to 1o'hours, to 113
hours, to 1 hour, and'so on; bur marking only, on
the tropic of cancer, the points of intersection which
" In like manner, as the sun at the winter solstice;



338 DIALLING:

in the latitude of London, rises at 8" 87, and sets at
3" 527, the duration of the day is only 7 hours 44
minutes ; which being divided into 12 parts, gives
for each about 40 minutes, or 3 of an astronomical
hour. Draw therefore the hour-lines corresponding
to 82 hours, to 9% hours, to 1o hours, and so on;
marking only the points where they intersect the
tropic of capricorn ; then, if the corresponding
points of division, on the two tropics and the equi-
noctial, be joined by a curved line, the dial will be
described, as seen plate 21 fig. 44. '
© - " If'more exactness be required, it will be necessary
to trace out two more parallels of the signs, viz.
those of taurus and scorpio, and to find on each, by
a similar_process, the points corresponding to the
natural hours : the natural hour-lines may then be
made to pass through five points, by which means
they will be obtained with much more exactness.

PROBLEM XL.

To find the hour, by means of some of the circumpolar
A S starsy '

- Tue hour may be known by a star’s passage by
the meridian, or even by its altitude ; for by means
of any Ephemeris, and a shore calculation, we can
casily determine how much any star precedes or is
behind the sunin culminating, or coming to the me-
ridian ; and when this is known, together with its
declination, the hour may befound by observing its
altitude. Bur as this process would be too complex:
for the generality of our readers, we shall confine -
ourselves to a solution of the above pw‘biem 3 to fa«
ailitate which, a small instrument, called the noc~
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turnal, has been invented. It is adapted for em.
ploying the most brilliant of the two last stars in the
 bear, which are called iss guards, The con-
~sttuction of it is'as follows. Provide a circular
1 f wood or ‘mezal, pl. 20 fig. 42, and having

ed on it a circle, divide its circumference into

365 parts, corresponding to the days of ‘the year
SN 3 e lherwieds el e
. To this circular. piece '.aj:ipij‘.“'ariﬁﬂiérg moveable
atoungl the centre, and divide the circamference of
itinto 24 equal parts, dencting the 2.4 hours of the
day. At each of these divisions there mist be a
small notch on the ‘edge, in order that these parts
‘may be counted in the dark by the touch. Ohne of
these notches however must be longer than the rest,
for a purpose which will be éxplained hercafter.
Then affix to the edge of the lower piece a small
“handle; the middle of which ought to be in a line
with the centre of the instrument, passing through
the 7th of November; because on that day the
above star passes the meridian at the same time as
‘the sun : that is, above the pole at noon, and below
it at midnight. ) g
Lastly, adapt to the instrument an index, move-
able around a pin in the centre; and let a hole be
pierced in the pin, in order to apply the eye roit.™
To usc this instriument, first make the edge of
the longest notch' correspond with the day of
the month : ‘then apply your eye to the centrs, and,
turning towards the north, look at the pole star,
 holding the plan of the instrument in a direction as °
. perpendicular 35 possible to the visual ray, and the
handle of it in the vertical pline; then move the

index «ill the edge of it touches the above star, ar
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_.;‘hg musﬂe whach is below the thumb termmatc
1, line of " life marked C. If the wrist or
2 ﬂgn the. hand. helgfhm-wmnd towards the
the gers being kept. extended, the.
dow of the bit of s%raw or’ ?gﬁm mdrc'ue the
When ifie shadow falls av the ¢ tip of the fore
denotes ¢ in the motning or 7iti the evening;
d of the middle finger, it denotes 6 in the
mermng dnd evening s ac the end of the next
fger 7 in the morning and 5 in - the evemiyg;
the end of the lirtle %nge'r, 8 in the mbraing
and 4 in the aftemoon at the neavest joint of the
little ﬁnger, g in the: morning and 2'in the after-
noon ; at the next ]omt of the Jitdle finger, 1o in
the mo ng and 2 in the afternoon ; at the root of .
the little finger, 1110 the ‘morning and 1 in the
afternoon 3 1a the last place, when the shadow falls
on that line of the hand marked D, which is called :
ﬂm table line, it will indicate 12 © “dock or noon,
| Some curious operations in rerard to Gnomonics
we have been” obliged here to omit ; as it would
have been necessary to add the demonstrations, e
however think it our duty to terminate this artiele
with a list of the principal works on Gnomonics,
which' those who are desirous of farther mfannman
on this subject, may consult, =)
We shall ‘not speale here of the G’iwmomt.s 0'?
c lavius, because ' thit mathematician seeins to‘have
studied the'art of rendering what is siniple of itself
exceadingly obscure.  We shalt even confine our-
sel"ﬁm to French and Eﬂghslz-&vasks, sas our object
is not to give a compléte bibliography of theart.
Le G}mmmrgue vf M ‘de la Hire, which appearcd
3, in duo no, is worthy of attention ;

:-certa!n hinﬂ of obscm'xty gmera}ty pre-
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it contains the solution of @ great many problems
relating to the astronomical pare of dialling,
~Ozanam’s work on the same subject is clearer,
and. better adapted to the capacity of common
readers ; it siill holds a place among other works of
the same kind, of a more modern date. - The cele-
brated Picard did not think it beneath him to teach
the method of constructing large sun.dials by trige-
, nometrical calculation. This treatise may be found
in theseventh volume of the old Memoirs of e
Acadcm}’“ ! @ : e ; . ;

An academician of Montpellier, published in the
Memoirs of the Royal Academy of Sciences, for
the year 1707, the analogies employed to determine
the hour-angles for all' dials, however situated ; tos
gether with the demonstrations of them,

After that'period a great many treatises on gno-
monies appeared in France ; such as La Gnomonigue
de M. Rivard, Paris 1767, 8vo. A clear and metliod-
ical work, which has gone through several editions:
that of M. de Parcieux, at the end of his Trigone-
‘metrie Rectilighe et Spherique, published at Paris i
1741, 410 ; a work whicg ought to be studied by
all those who wish to acquire a correct knowledge
of this part of the mathematics. The article on
gnomonics in the 4th volume of Wolf’s Cotrse
of the Mathematics is exceedingly clear and con-
cise,  We can recommend also to those desirous
of delineating sun-dinls with great exactness, 1o
Guomonigue pratique, e Pdrt de tracer les Cadrans
" -solaires . dvec beauconp de ‘precivion, &c, par Dom

Bedos de Celles ; a work first printed in 17704 8vo, _
and afterwards in 1774 with a great many additions.
The author employs chiefly trigénometricai calculae

: va;iﬁthmugimut the works ﬁf 'rtin_a't 'mat.hgzmaticia‘n' ¥
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tion, and enters mto minute details respecting every
thing that relates to practice; for “one may be per-
fectly well acquainted with thc thaory and yet em-
barrassed in. the applxcauon of it. . Useful tables,
calcalated for the whole - -cxient of Fr:mce, will be
found in La Gmnwmgm mise @ la porice de tout le
monde, par Joseph-Blaise Garnier, Marscilles, 1773,
8vo. In other respects, this work is of no great
. value. In regard to the }iariagmgm;&b:e of Father
deda Madelaine, though Very common, We can say
nothing farther than that, it is fit only for country
stone-masons, who makc it a part of their bﬂsmess_
to construct sun-dials.

We cannot_here help taking notice of the i inge-
nious manner in which the celebrated §’Gravesande,
in his Essay on Perspective, printed at Leyden in
1711, considers the general problem of tracing out
a sun- dzal he reduces it to a simple problem of
perspective, which he solves according to the prin-
cxplea of that branch of optics. This part of his
work is remarkable for its elegance, its preﬂ:s:on,
and its universality. To the above list of works on
gnomonics, we shall adl in Eﬂghsh Emerson’s
Dialling, published along with his Mathematical
principles c}f Geography ; also Martin's Pmmp!g.r
of Dialling ; and, for thuse who wish to describe
dials merely by the pule und compasses, Leadbetier’s
A'Iecbﬂms D}aﬁmg TR e
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‘30 that when the shadow falls on the substyle, we
may say that itis noon at Ispahan, &c.,
* But as the hours of Ispahan are not those wanted
ar London, it is necessary that we should find out the
means of delineating those of Lendon, which will
not be attended with much difficulty, when the dif-
ference of longitude between these two cities s -
known. Letus suppose then that it is exactly 45
dzgrees, or g'hours: when it is noon at-London
then, it will be 3 in the afternoon at Ispahan ; and
‘when it is 11 in the forenoon at the former, it will
be 2 in the afterncon at the latter, &c.  Conse-
quently, on this dial, which we suppose to be hori-
zontal, if we assume the line of 3 o'clock as that
of noon, and mark it 12; and if we asswme the
other hour-lines in -the same proportion, we shall
have at London the horizontal dial of Ispahan,
which will indicate not the hours of Ispahan, but
those of London; as required. :

Ve flatter ourselves that we have here explained
the principle of this method in 2 manner suficiently
clear, to make it plain to- such of our readers as
have a slight knowledge of geometry or astronomy 5
but to render the application of it more familiar, we
shall illugirate if by an example. ey

Let us suppose then, at London, a plane forming
with the ‘horizon an.angle of 12 degrees, and de-
clining towards the west'22} degrees.. .~
The first operdtion here is, to find the longitude
and latitude of that place of the earth where the
horizontal planeis parallel to the given plane. :

For this puirpose, let us conceive an azimuth A T
ﬂmﬁxcum to the given plane, pl. 22 fig. 45,
and in this azimuth, which we suppose t be traced
out on the surface of the garth, let us assuine on
that side which is towards the upper part of the -
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ol enlarging, as we may say, any space by the bhelp
- of the imagination, In our opinion, nothing con«
¢ more to produce this eficct, than insulated
3 that is to sdy, columns not regularly con-
o, when coupled or grouped, they always.
ect more or less, though it would
: such berter to employ them single.
The result is, that every time' the spectator changes
 his position, different openings becur ; and a variety
- of aspects which astonish and deccive the imagina-
Hol. « ook o L S e
" But when columns are employed, they ought to
be large s for in the same degree as they have 2
majestic appearance when constructed on a grand -
scale, they are, in our opizion, mean and diminu.
tive when small, and particularly when supported on
pedestals. The court of the Louvre, though in other
respects beautiful, would have 2 much more suiking
_effect, if the columns, instead of being moun:ed on
meagte pedestals, rose from the ground supported
merely by a socle, like those in some of the ves:ibules
of that palace. One might almost say, and there is
some reason to think, that pedestals were invented
to render fit for use, columns collected at-hazard, |
and which haye not the requisite dimensions.

If Mickael Angelo then, instead of forminx his
lateral spaces immense ar¢ades supported by
pillars, decorated with pilasters, had emploved
groupes of columns; if instead of placing emly
three rows of lateral arcades, between the entrance
,and the part of the dome, he had placed 2 giciier
number, which this arrangement would have 4llcw-
ed him to do ; andif the figures employed amidse
this decoration had not far exceeded the namrai
size, we entertain no doubt that“the spectator would









(438 DPYROTECHNY.

tend to give a complete treatise of pyrotechny, we
shall confine curselves to those parts which are 'm_ﬁ‘st
common aid most curious: we shall alo avoid
every thing that relates to the fatal art of desgﬁying
men.  We can see no amusement.in the 4hotion of
a bullet, which carries off files of soldiers, nor in
the action of 2 bomb or shell that sets fire o a town,
Tlie preceding editors and continuators of Ozanam, -
seem to have possessed a very military spirit, if
they considered all these things as harmless recrea-
tion. For our part, having imbibed other prin-
ciples in that happy country, Pennsylvania, we shud-
der even at the idea of introducing such atrocities
under the form of amusement. i gt

Pyrotechnv, as we consider it in this work, is
the art of munaging fire, and of making, by means
of gunpowder and other inflammable substances,
various com positions, agreeable to the cye, both by
their forin and their splendour. ('f this ‘kind are
rockets, serpents, sheaves of fire, fixed or revolving
suns, and o:her picces employed in decorations and

- fire-works. :

Gunpowder being the most common ingredient
in pvrotechny, we shall begin with an account of
its composition. \ %8s

¥ -

»
*

" ARTICLE I.
R R, ' R

Of Gurpowder..  °

o> 3 v
wu(}mmgjwnzn is a composition of sulphur, -salt-
petre, and pounded charcoal : these three mgredients
mixed togerher, in the proper quantities, form a.
substanice, cxceedingly inflammable, and of such @
nature, that the diseovery of it could be owing only
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to chance. A single spark is sufficient to inflame,
in an instant, the largest mass of this composition.
The* expansion, suddenly communicated either to
the aik, lodged in the interstices of the grains of
which if consists, or to the nitrous acid which is
one of the elements of the saltpetre, produces an
effort which nothing can resisi; and the most
ponderous masses are driven befoie it with incon-
ceivable velocity. We must however observe that
this invention, to which the epithet of dicivlical is
frequently applied, is not so desiructive to the hu-
man race as it might at first appear : bagtles seem
to have been attended with less slaughter since gun-
powder began to be used ; and, as is remarked by
the celebrated Marshal Saxe, the noise and smoke
produced by fire arms, during a battle, are more
terrible than the execution they make. We must
however except caunon when well directed : but
let us return to our subject, and give an account of
the process for making gunpowder.
~ Sulphur is found ready formed, and almost in its
last degree of purity, in volcanic productions. Itis
found also, and much more frequently, in the
state of sulphuric acid; that is to say combined
with oxygen : it is in this state that it is found in
argil, gypsum, &c. It may be extracted likewise
« from vegetable substances and animal matters.

To purify sulphyr, melt it in an iron pas; by
which means the ezrthy and metallic pa:ts Wil Ue
precipitated ; and then pour it into a copper-kettie,
where it will form another deposit of the foreizn
matters, with which it is mixed. After keeping it
in fusion some time, pour it into cylindric wooden

“moulds, in order that it may be formed into sticks.
3 etre, or, as it is called in the modern che-































































































































SCREW ROCKETS AND GLOBES, 481

fhiéﬁ;}rtangémeni; will produce a variety of agreeable
and amusing figures, T

5 V _-.,;.'4 _rm_ée-t_ LD ascends in the form of » sereny.

A straight rod, as experience shews, makeg 4
tocket ascend perpendicularly, and in a straight
line’: it may be compared to the rudder of a ship,
~or the tail of a bird, the effect of which is to make
_the vessel or bird turn towards rhat side to which it
s inclined : if a bent rod therefore be atmched to a
rocket, its first effect will be to make the rocket in-
_cling towards that side to which it is bent ; but its
centre of gravity bringing it afterwards into a vertical =
situation, the result of these two opposite efforts will
be that the rocket will ascend in a zig-zag or spiral
form. In this case indeed, as it displaces a greatér vos
lume of air, and describes a longer line, it will not
ascend so high, as if it had been igpelled in a straight
direction ; but. on account of the singularity of this
miotion, it will produce an agreeable effect.

ARTICLE VIII,

Of Giobes and Fire Balls.
We have hitherto spoken only of rockets, and
the differtnt kinds of works which.can be con. .
structed by their means, But there are a great many
“other fireworks, the most remarkable of which we
shall here describe. Among these are globes
~and fire balls ; some of which are intended to pro-
duce their effect in water; others by rolling or

leaping on the ground : and some, which are called
bombs, do the same i the i, E
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culay direction the cylinder EF G M5 to which fire
must have been previously applied,
. To ascertain whether ithe lead, which has been
~added to the globe, renders its weight egual to that -
of an equal volume of water, rub the globe over
with pitch or grease,-and make a trial, by placing
Al thevmarer. ol o s AT
~ The composition with which the ‘glnbe must be
loaded, is as follows : to a pound of grained pow-
der, add 32 pounds of:saltpetre reduced to fine
flour, 8 pounds of sulphur, 1 ounce scrapings of
ivory, and 8 pounds of saw-dust previously boiled
in a solution of saltpetre, and dried in the shade or
in the sun. : :
Or, to 2 pounds of bruised gunpowder, add 12
pounds of saltpetre, 6 pounds oﬁulphur, 4 pounds
of iron filings, and 1 pound of Greek piteh. '
It is not necessary that this composition should
be beaten so fine as that intended for rockets : it
requires neither to be pulverised nor sifted ; it
is sufficient if it be well mixed and, incorporated.
Bur to prevent it from becoming too dry, it will be
proper to besprinkle it with- a little oil, or any
other liquid susceprible of inflammation.

§ XL Of Globes which leap or roll on the ground.

- L. Having cohstructed a wooden globe A, pl. 1 .
fig. 11, with a cylinder C, similar to that above
described, and having loaded ic with the same com-
. position, introduce into 1" four petards, or even
‘more, loaded with good grained gunpowder to
their orifices, as A B ; which must be well stopped
with paper or tow. [ 2 globe, prepared in this
-ma-m;ei-; be fired b}'"'méaﬂs Of a match at C, it will 5
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zd. for _'}'er.rg" om. 5

Bnijzant fire. Pulvcnsed gunpawder' 1 pound .
: 1ron-ﬁlmgs of 2 mean size, § ounces, ;
White fire. Saltpetre 1 pound, pulver:sed gun-
‘powder 1 pound, sulphur 8 ounces, charcaal 2
ounces.
Chinese fire. Saltpetre 1 pmmd 77, ancﬁs, sul
phur § ounces, charcoal 5 ounces, sand of thc thu'd
ordet 12 ounces. i

3d. Fer Fets of 15 ar 18 Jines in diameter

Chinese f re. Saltpetre 1 pound 4 mmccs, sul-
phur 7 ounces, charcoal 5 ounces, of the six dif- .
ferent kinds of sand mixed 12 ounces. S '

Father d’Incarville, in his memoirs on this sub-
ject, gives various other proportions for the com-
position of these- jets; but we must confine our-
selves to what has been here said, and refer the ‘reader
to the author’s memoirs, which wﬂi be found in the
Manual de I Artificier.

The saltpctre, pulverised ﬂnnpo\'«der, and char-.
coal, are three times sifted thmugh a hair sieve,
The. iron sand is besprinkled with sulphar, after
"being moistencd with ‘a little brandy, that tHe sul-
- phur may adbere fo it; and they are then ‘mixed
together s the buiphared sand is then spread over .
. the first mixture, and the whole is rmxefi with a
- lagle only; for if a sieve were employed, it would
separate the sand from the other materiale. Wh
sand larger than that of the second ordet |
the composition is moistened with brandy, s
.3 forms itself into ‘“all:s, and rbe jets are. then
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colour, inclining a little to that of lead § or rather
a white dazzling flame. oA r e
‘Greek pitch produces a reddish flame, of a bronze
- golour. | ' s i SRR SRS SO
Black pitch, a dusky flame, like a thick smoke,
which obscuresthe atmosphere. "

Sulphur, mixed in a moderate quantity, makes

the flame appear bluish. =
Sal ammoniac and verdigrise give 2 greenish
.ﬂ.ame' : FE e

"o Raspings of yellow amber communicate to the -
flame a lemon colour. < T

Crude antimony gives a russet colour.

Borax ought to produce a blue flame; for spirit.
of wine, in which sedative salr, one of the compo--
nent parts of borax, is dissolved by the means of
heat, burns with a beautiful green flame. = ° e

- Much, however, still remains to be done in regard
to this subject; but it would add to the beauty of
artificial fire-works, ifthey could be varied by giving
then: different colours: this would be creating for
the eyes a new pleasure. o e

% L

ARTICBE XI.

Composition of @ Pasté proper for represeniing?aninals
i - «» and other devices infre.

It is to the Chinese also that we are indebted for
this method of representing figures with fire.  For
this purpose, take sulphur reduced to an impalpable
powder, and having formed it into a paste with
starch, cover with it the figure you are desirous of -

- representing on fire : it'is here to be observed, that












It is pmper il tiould
on pvrotechny t}y some. ‘remedy forl b
¢idents must often take piace “in ham
dangerous element’as fire.  We sha
heq&ue w follow the example of Ouanam, w

b zh:%’ respe;t is himself a follower of Siemicnowitcz,
" dnd the greater part of, those who have written on-
this subject: we shall even conhne oursc}ves to the

= remedy he proposes. gl

Boil frash hog s Jard in cmnmnn Wa't@r, over a
sslow fire ;. ; skim it Cummuaih' tili no more scum is
left, and let the melted lard remain in the open air
for thee ot four nights.. Melt it again in an carthen
wvessel, over a slow and n*oderme fire, and strain
it into cold water rhmuah a plece of linen cloth;
then wash it well in pure river or spring water. to
free it from its salt; and to makedit become white;:
then press it nfo a giazc;. eanhem vessel mé pre—
serve it for use. - e

It penerally happens, in Lases of burmng, that
the skin rises in blisrers, which however must not
be opened 1ill the fhird or fﬂurth day '
ment hd’b heen’ appin.d :




%

fig

e

| OPTICAL PYROTECHNY, %7 2

: erons, attemnpts have heen
Cand- with a considerable

e of success, to imitate fie different kinds of °
ks by oplical effects, and ro give them the -
ance: of motion, - though: in reality. fixed,

15 of this inyention, the spectacle of artifi- ¥
e-works may! be exhibitdd at a very small. *
ace, and if the pieces e played are constructed
“ngenuity, if the rules of perspective H16 pade o

: periyohsﬂrved,ﬁ and i in viewing the epectacly”®
- glasses which magnify the abjects andurender them

illusion will be produced. =~
_The . argficial. fire-works | imitated with moss
guccess by this invention, are fixed sums,. gerbies
andr jets of fire, ¢cascades, globes, . pyramids and _
ns moveable around their axes. . To represent
gerbe of fire, take paper hlackened on both sides,
d-having delineatcd on.a picce of

somewhat less distinct be employed, a very agreeable

-paper the figure ofa gerbe of fire, apply it to
lack paper, and with the point of a very sharp
e make several slashes (pl. 2, figers) in i,

S35 g0, proceeding irom the origin of the

gerbe { these lines must not be continued but cut
irough, attunequal‘intervals, Pierce these inzervals

ith unequgl holes made with a pinking iron, pl. 2

: inforder to represcnt the sparks of such a

in shert you must endeavour to paint, by

es and holes, the well known effect of the
apowder, wheu it issues threugh s,
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~ . To represent a cascade, the paper pierced with
" holes; instead of moving upwards, must be made tp
. descend. T el 2
~ This motionymay be easily produced by means
of two rollers, bn one-of which the paper is rolled ;
‘up while it is uneolled from the other. 5
~ Suns are attended with somwe more d_iﬂicu%éff
because in these it is necessary to represént fire pro- |
ceeding from the cehtre to the circumferénce® “%11.&3’
-~ artifice for this purpese.dsas follows, et
~ On strong paper describe a ciftly, equal in dia-
meter to the sun which vou are desirous to cxhibity
or even somewhat larger; then trace out on this
circle two spirals, at the distance of a line or halia -
ling from each other, and open-the interval between
them with a penknife, in such a manner, that the
paper may be cut from the circumference, decreas-
‘ing in breadth to a certain distance from the centre,
pl. 2 6ig. 18; ent the remainder of the circle o
“spirals of the same kind, oper: and close alternately,
then cement the paper circle to a small iron hoop,
supported by two picces of irom, crossing each
other-ifi its centre, and adjust the whole to a small
'.m'acgtie- which w"i!l,_gijﬂéa' it to revolve round its
< centrdy 3 this moveabla pliper,circle, cut in this
_ manner,- be-placed befdre 1hE Pepresentation  of .
'~ your sun, with a light behind it, as soon as it is
made ‘to move towards that side to which the con-
 vexity of the spirals is turned, the lnminous ._sp'_iiﬁg%
~or those which afford a passage to the light, wi o,
\give, on the image of the radii or jets o W of |

your sun, the appearance of fire in continual motion, 2
a8 if undulating from the centre fo the circumferciice. =

~ The appearance of motion may be given to co- |
lumns, pyramids, and globes, cut through in the |
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