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S the Reader in perufing the following Sheets,

will find the great Advantages which arife from
the Subjelt, it will be unneceflary to fay any Thoing
bere in Recommendation of it: Therefore what 1
bave to fay concerning the Work, muft be of the De-
f ign, and the Manger of it’s Execution,

The Dfﬁgﬂ then is, to explain in Ibe moft eaz_[y and
concife Manner, fo mncb of the Science, as may en-
able young Genilemen, o Men of Bufinefs, to form
a gencral ldea of “the Elements, or Rudimenis of
it.: Experience in my Prof:fion bas ¢omvinced me
that few defire more, or will give ihemfelves the
Trouble to form a critical Notionof every Part of i,
becaufe 1hey muft contend with woluminous T mﬂ:
which contain many abjltrufe mathematical Rmﬁ:rmag.r,
that require a previous Knowledge of the Elements
¢f Euclid, Conic-Secltions, dlgebra, gnd Fluxions:
And indeed a general and concife Defeription or Ae-
count of any Adrt or Science, is beft adapted to anfuwer
the Views and Ends of the greateft Part of Readers.

As to the Execution of the Werk, the Subjeft is

for the mofp Part z!fzzﬁmfed by Experiments that
carry with them Evidence. [ufficient to fatisfie the moft
curionts Mind: Tbere are fome Geometrical Demon-

- frations,
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EXPERIMENTAL PHILOSOPHY.

RILEY
CHAP ITOWERS

Of the Properties of MATTER, ¢

INCE Natural Philofophy is not only the
moft plealing, but the moft ufeful Science

for the Eafe and Convénience of Life, it is

no Wonder that Men in all Ages have em-
braced the Study of it. The numberlefs lm-
provements it has received from the Philofophers
of the laft Century, by beraking themfelves to
Experiments and Obfervations, far exceced what the
Antients could ever arrive to, from the Mfgfurts
they purfyed Dy fetting out upon Hypothefes or
| B B oy g

Supe
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Suppofitions, fo that what was in the utmoft Ob.

fcurity and Confufion, is now rendred clear and
evident ; and this for the moft Part is owing to

the Difcoveries of the Great Sir Isaac NewTon,
To illuftrate fome of thefe Truths, or to account
for the Appearances of Nature from Experiments,
In an eafy and familiar Way, is the Defign of this
f Courfe : In order to which it will be neceﬁary,
firft to confider the Properties of Matter.

—

By the Word Matter, we underftand every Thing

%hﬂt has Extenfion or Bulk,and that refifts the T'ouch;

or it is that which we call the Subftance of Things,

or that of which all Things do confift under dif-
feren!; Forms and Modes.

M“&»The Properties of Matter, or Body, are either

¥ ~-_umiverfal and common to all Bodies, or accidentai

. Nand peculiar to,fome only, '

' The Principal of the univerfal Properties of all
VJ Bodies or Matter, are thefe. 1. Solidity. 2. Di-
| vifibility, 3. Ina&ivity, and 4. Gravity. And of

thefe feveraily.

I. Solidity is that Property of Body, which ex-
cludes all others out of the Place it poffefifeth ; for
no two Bodies can poflibly be in one and the fame

‘L Place at the fame Time, for every Particle, of Mat-
ter is 1mpenetrab]a Hence the Matter of the
 fofteft Bodies is equally folid with that of the bardeft ;

- Thus, a cubic Inch of Water will be no more
comprefled into lefs than a cubic Inch of Space,
than will a cubic Inch of Iron or of Adamant.

II. Dsvi-
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L o :
II. Divifibility is a Property of Matter which
follows from the laft; for fince no two Bodiess

or Particles of Bodies can poffibly be in one and &

the fame Place at the fame Time, they muft exift
in different Places ; and fo may be confidered as
diftinét and feperate from each other, and there-
fore to be divided. The aftual Divifibility of Maz-
ter will appear very furprizing from the following
Experiments.

1. If an Ounce of Silver be gilt with 8 Grains
of Geld, it may be afterwards drawn out into a
Wire 13,000 Feet long, which fhall be fo clofely
covered with Gold, that the Silver cannot be feen
with the beft Microfcope. Hence we may eafily
tind, that one Grain of Gold may be aftually di-
v1ded into 1,950,000 vifible Parts, each bemg the
one hundredth Part of an Inch. '

2. That great Philofopher, the Hon.: Rﬁ&fﬂ
Boyle, Efq; who has furnifhed us with many Ex-
periments on this Subje&, tells us, that he diffolved
one Grain of Copper in Spirit of Salt Armoniac,
and that the Solution, when mixed with 28,534
Grains of Water, communicated a very deep and
confpicuous blue Tiné&ure to the Whole. Now,
becaufe a Grain of Water is found to be equal to

.0037 of a cubic Inch, 28,534 Grains Gf\l.ii.afg‘j_: |

will be equal in Magnitude to 105.5758 cubic
Inches. If therefore a Line whofe Length is the
hundredth Part of an Inch, be eafily difcerned by
the Eye, a Cube, whofe Side is of that Length,
will be much meore difcernable ; but a cubic Inch
contains one Million of fuch {mall Cubes, therefore

£05.5758 cubic Inches will contain 103,575,800
E 2 . dmall

i
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fmall Cubes, the Side of each being the hundredth
Part of an Inch ; and thus, by this Solution, one
Grain of Copper was divided into as many vifible
Parts. But a cubic Inch of Copper contains al-
moft 20,000 Grains, and therefore it may be
aCtually refolved into 2,111,516,000,000 vifible
Parts: and if of this Copper there be taken a
Particle of the Size of the leaft Grain of Sand,
or one whofe Diameter is the hundredth Part of
an Inch, fuch a Particle of Copper, by the fore-
going Solution, may be refolved into 2,111,516
vifible Parts.

3. Mr, Boyle has alfo Tound by Experiment,
that a cerrain Quantity of Affa Fetida, which he
expofed to the open Air, loft the eighth Part of a
Grain of its Weight in f{ix Days : But becaufe the
Flux from odoriferous Bodies is continual, there-
fore it onght to be proportionable to the Time ;
and hence the Weight of the Effluvia which pro-
ceeded from the Affa Fetida in one Minute, was
the 69,120th Part of a Grain. Now the Magnitude
of a Particle of Water, whofe Weight is one
Grain, is .00369 Parts of -a cubic Inch ; therefore
a Particle of the fame Water, whofe Weight is the
69,120th Part of a Grain, will be equal in Magni-
tude to .0,000,000,533 Farts of a cubic Inch : but
the Gravity of Affa Fatida is to that of Water, as
8 to 47, and therefore the Magnitude of a Quantity
of Affa Faetida, whofe Weight is the 69,120th
Part of a Grain, will be equal to .0,000,000,466
Parts of a cubic Inch. Let us now fuppofe that
we are capable to fmell the Efluvia arifing from

the
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the Afja Fetida to the Diftance of five Feet only,
on every Side, and that every Particle in the
odorous Sphere be fo large as the fourth Part of 2
cubic Inch, then the Sphere will confit of
547,836,916 of fuch Particles producing the Qdour :
Now all thefe Particles have been fhewn to be
equal to .0,000,000,466 Parts of a cubic Inch,
therefore one of fuch Particles will he no more
than .0,000,000,000,000,008 Parts of a cubic Inch,
which is furely furprizingly {fmall 5 notwithftand-
ing, in this Computation we have fuppofed the
odorous Sphere equally replete with the Efffuvia,
without allowing the Particles near the 4z Fztida
to be denfer than thofe which are farther off.

4. Mr. Lewenhocck tells us, that there are more
Animals in the Milt of a fingle Cod-fifh, than there
are Men on the Earth ; and from the Data of the
Microfcope he fhews, that une of thefe Animalcula
15 at leaft 4,000,000 Times lefs than the fmalleft
vifible Grain of Sand. How inconceivably fmall
then muft the Globules of their Bloed be ? In
fhort, upon reafonable Suppofitions he fhews, that
they are fo much lefs than a Grain of Sand, as 5
Grain of Sand is lefs than the Globe of the Farth
and tho’ this Subtility of Nature is wonderfu] bc
yond meafure, yet there are other Particles of Mat-
ter {till more fubtile than thefe ; for the before-
mentioned Globules are as vaft Mountains when
compared to the Particles of Light.

Having thus far confidered the wonderful Sub-
tility of Nature, and the minute Particles into which
Matter is a¢tually divided, it remains, that we now
prove, the infinite Divifibility of Matter,

Fig. 1,
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Fig. 1. A Line AB may be infinitely di-
vided thus: Through the Points A and B, thﬁl
Extremities of the Line AB, let the Parallels
CD, EF be drawn ; affume any Number of Points
on one Side of the Line AB, as @, &, ¢, d, e, &c.
from B towards 'F, and let any Point C be taken
on the other Parallel AD, and on the other Side of
the Line AB; then, if from the Point C to the
Points a, &, ¢, d, &c. there be drawn the Lines
Ca, Cb, Cc, Cd, &¢. thefe will all cut or divide
the Line AB, but none of the Points of Inter-
fection can ever arrive to the Point A : For if the
Point F were taken at an infinite Diftance from B,
there would ftill be an Angle FCD, equal to CFB
(by 27.1 Eucl) and therefore a Line A o, a Part
of the Line AB will ftill remain undivided, and
tonfequently A B is divifible in Theory, ad in-
Fnitum. |

Fig.2. Or a Line may be infinitely divided
thus : Let a Circle be drawn, and its Diameter
CD be infinitely continued on one Side, and to the
Point C, one of the Extremities of the Diameter,
let the Tangent AC be drawn, and the Secant
AE : Now let AB be the Line to be infinitely di-
vided ; lay out upon the Radius ED, or upon the
Continuation of the Diameter as many Points as
you pleafe, and with the Diftance of each of thefe
Points to the Point of Conta&t C, let ever fo many
Arches be deferibed, they will refpectively cut or
divide the Line AB; and though a Point were
taken upon the Diameter at an infinite Diftance
from the Point of Conta& C, and with that Diftance

an Arch C ¢ were defcribed, the Point ¢ of that
Arch
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Arch could never to the Point A, inafmuch "
as a tangent Line can.only touch a Circle in one
Point, (by 13.3 E#el.) and therefore a Line A o, 2
Part of the Line AB, will ftill remain undivided,

and confequently AB may be infinitely divided,

L Inaftivily or Paffvenc/s of Matter, is thatt £
Pmpenﬁty it has to continue in the State it is
in, whether of Reft or Motion, ’till it 1s made to
alter the fame by the Actien of fome external
Force : And therefore if one Body contains two
or three Times the annty ot Matter that an-
other does, it will alfo contain two or three Times
the Inactivity ; that is, it will require two or three
Times the Force to put it into an equal Degree of & .
Motion, And from this Principle are deduced the
Laws of Motion, which will be explained in the
following Chapter.

|

Ix .} o=
IV. Gravity is that univerfal Difpofition of Mas\,, .
ter whereby a /effer Part is carried towards tl
Center of any greater Part ; thus all Parts of Mag~.  *
ter or Bodies on the Earsh’s Surface, have a Ten-
dency to defcend to its Center : and this is called: . .
their EVe.ngt and Gravitation in the lefler Body, l:i”*' -
Attraflion in the greater. ‘__i,::.; ;
Attradtion 18 uflually diftinguithed into that .
Cobefion and Gravitation. .
Attration of Cobefion is that whereby very mmut&
Bodies, or the Particles of the {fame Body are my-:
tually drawn towards each other, and made to co- ;;_;
here and ftick togethgr. . Thus, :
Gt



4 COURSE of

1. If fmall Glafs Tubes, open at both Ends, be
dipped in Water, Claret, Spirit of Wine, or any
other convenient Fluid, the Fluid will rife np the
Tubes to a confiderable Height above the Level 5
which muft be owing to the Arcraction of  the
Particles of Glafs, becaufe the fame Thing holds

N -.guud in Vacno, or in a Place void of Air, as under

3

the Receiver of an Air-Pump, out of which -the
Air is exhanfted by Pumping.

2. The Heighes to which 2 Fluid will rife in
Tubes of different Diameters, will be inverfely as
the Diamcters. I-fzf

Thus, if the Diameter of

!

" the Tube A be double to that of B, thf: Fluid wlll
rife twice as high 11 B as in A,

3. If two polifhed Flates of *Glafs be fet parallel
to cach other at dificrent fmall Diftances, and if
their lower Edges be dipped in any Fluid, the
Fiuid will rife between themy in an inverfe Propor-

to their Diftance afunder,. as in the fore-
ot ,_,ggmg Tubes. If the Diltance be about the hun-

!J

- dredth Part of an Inch, the Fluid will rife about
:.tn Inch high, and fo 10 Pacue.

Let the Edges of the PD]Iﬂiﬁd Glafs Plates
be clnfed at AB, and the oppofite Edges at CD be

__kept-a little diftant by putting a Six-Pence, or any

thin Body between them ; if then the lower Edges
be dipped in any Fluid, the Fluid will rife between
the Plates, and form an dyperbolic Curve, becaufe
tht‘ Heights of the Fluid are e inverfely pmpu?m

to the Diftances of the feveral Parts of the Plates.

and thefc as rherm
Meeting at A, Fig- 4. Forif AE, AG, Al AD,

be
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be taken as Abfciffe, then EF, GH, IK, DL,
will be the refpective Ordinates, and confequently

the Curve FHKL will be an byperbolic one. 4 é

5. Two little Spheres of Mercury brought near
each other, will mutually attra@ each other, and
become one Sphere.

| d“'-
6. A piece of Loaf Sugar will attraét or draw?

up a Fluid; in the fame Manner Sap afcends
in Trees, a Spunge fucks in Water, and the Glands
of the Body draw in various Juices from the
Blood.

7. Fig 5. If two Pieces of Lead with convex
Surfaces be fcraped clean and prefled clofely ro-
gether, they will attraf¢ each other fo ftrongly

as to require 100, or 150 Pound Weight, to pul]
them afunder.

Hence it is eafy to account for the Formation

8

of Bodies. Tor thofe Particles that attralt each

f___.ﬂthf:r ftrorigly, and touch each other in many
~ Points, fo'm hard Bodies ; thofe whofe Particles
touch each other in fewer Points, and perhaps do
not attvact each other fo ftrongly, will conftitute
fofter 'Bodies, as Lead, Pewter, ¢, thofe whofe
Partitles are perfeétly round, fmooth, and void of
Attraction, if any fuch there be, will conftiture a
perfiest Fluid 3 and thofe whofc Parricles are not
round and void of Attraétion, will form only an
Hf’.ap of Duft or Sand.

wi

'This Kind of Atttadtion extends but to {fmall= ¥

Di ftances ; for if the two Spheres of Mercuary be-
fojre-mentioned be rolled in Duft, they will nog
~rtin together, for the Duft prevents Attragtion.
{

L
i

X . s Where
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Where the Sphere of Attration ends, a repulfive
Force begins; thus Water repels moft Bodies, ’till
they are wet. And it is upon this Principle that
a dry Needle will {wim upon Water, and that Flies
‘walk upon it.

?" Aitraction of Gravitution is that by which di{’car'n:l

Bodies move to or tend towards one another 3 it
is diffufed throughout the folar Syftem, and is pro-
bably extended to the other Syltems of the Unt-
verfe, yet at prefent we will confider it only with
refpe& to the Earth, the Parts whereof would fly
afunder by the diurnal Rotation, were they not
kept together by the Infiusnce of Gravity ; where-
by alfo we have dayly Inftances of Bodies falling
on the Earth, and ‘of others on it to tend towards

its Center.
- This Power,’ at equal Diftances from the Earth’s
Center, is always proportional to ihE‘QggﬂLiElﬂf
‘Matter in the Body on which it acts; for light and
= heavy Bodies, falling from the fame Hieight, de-
fcend with equal Swiftnefs, provided they meet
'ﬁ ‘with no'''Refiftance from ‘the Air, % Thus,
“if a Piece of Gold and a Feather be Igt fall
from the Top of an exhaufted Receiver at the} {ame
~Inftant of Time, they will both arrive at the;, Bot-
‘tom in the fame Time very nearly, and wnu’? in

-

the very fame Time, could the Receiver be gper-

. fectly exhaufted. - -
=== Hence the Forces of Gravity, whereby Bocdies
~defcend, muft, at equal Diftances from the Earc h’s
Center, be as the Quantity of Matter in the die:
fcending Bodies ; for if a certain Force of Gravikty

CAIT €8

P

=
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carries a Body of a certain Quantity of Matter,
with a certain Swiftnefs, then a Body of double

that Qt_lantlty of Matter, will re_g_u_JLLd_thlg.;hac_,#
_Force to give it _the fame Swiftnefs: - So- the

~Weights of s of Bodies at equal Diftances from the
Center of the Earth, are as the Quantities of

“Matter they contain, and ther mmg_bf b
Matter in any Body may be meafured by the
Weight. :

Sir Isaac NEwron has proved that the GE‘E‘FIL’}T *
of any Body within the Earth’s Surface, is as its
Diftance from the Cent }w , if the Earth’s
Surface were 4000 Miles, a 0 y on its Sur-
face weighs a Pound, then at 3000, 2000, or
1000 Miles from the Center, that Body will weigh
3, %, or # of a Pound, and fo on to the Center,

where it lefes all Gravity. cMe»u_,

Gravity on and beyond the Earth’s Cessar, is
inverfely as the Square of the Diftance from the. "V
Center 3 or which is the fame Thing, in a_reciprocal
Duplicate Ratio of the Diftance from the Center,
oiz-at double the Diftance it is four Times lefs,

at triple the Diftance nine Times lefs, &fc, But

3

where the Diftances are fmall, as %, %, 3, or a
Mile, their Differences are fo very {mall, when /*
compared to the Radius of the Earth, that they
may be rejetted, for they will not occafion any
fenfible Error in Calculation,

The Velocity or Celerity of Bodies defcending

by the Force of Mmmw%

Tlmf:s nf their Defcent F::-r ﬁncc Gravlty aérs
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*tfhat is, a double or triple Time will pmduce a
“double or triple Velocity., Or if we imagine Gra-
vity to exert itfelf by an infinite Number of Im-
pulies, then if one Impulfe in the firft Moment of
Ms a Body a certain Degree of Vefac:ty:
in a fecond Moment a fecond Impulfe will give it
<2nother, a_third another, and fo on; fo that this
Force acting perpetually on_the Body, muft accele-
rate its Velocity proportionably to the Number of
-~ Impulles that 1s, proportionably to the Time of
ﬁm}:iﬁ& more fwiftly any Body moves,
- and the longer it continues its Motion, the greater
muft the Space be which it runs over ; fo that the
Velocity : But fince the Velocity of defcending
‘_:,g_-?"are as the Times of their Defcent, there-
fore the Space is had by mulciplying the Time by
ﬁ—the Time, or by fquaring the Time. Thus, if a
Body defcends 2 %ﬂes a Minute, for 2 Minutes
the Space defcribed muft be 4 Miles ; if 3 Miles
a Minute, for 3 Minutes, the Space defcribed muft
be 9 Miles, & ' |
Hence ’tis evident, that the Space defcribed -

In 1 Minute will be 1 = the Square of 1.

In 2 Minutes will be 4 = the Square of 2.

In 3 Minutes will be 9 = the Square of 3.

"In 4 Minutes will be 16 = the Square of 4, &.
the Spaces being always as the Squares of the
Times.

§ It has been found by repeated Experiments, that
;R:; heavy Body will fall 16 Feet and 1 Inchin a
| econd of Time, therefore in 2 Seconds it will

dcfcend
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defcend 4 Times as far, or 64 Feet 4 Inches ; in
3 Seconds it will defcend 9 Times as far, or 144
Feet g Inches, &e.

Hence the Depth of a Well or Coal-Pit may be
found, by obferving the Time a Body is falling to
the Bottom. -

In the fame Manner as heavy Bodies are accele-
rated in their Defcent, it is plain they muft be
retarded in their Afcent. Therefore the fame Ve-
locity which a Body acquires by falling, Hi]l_beju{t\f’\
fw to the fame Height from .
whence it had fallen; for thejForce of Gravity alt=

“ing conftantly and equally againft the afcending
Body will diminifh its rifing Motion *till it is quite
deftroyed.

The Center of Gravity of any Body is that Poing
wherein the whole Force of its Gravity is united
and centred, fo that whatever f{uftains that Point,
bears the whole Weight of the Body; and if the

Body be fupported at, or fufpended by, that Point,
all the Parts of it will be in a perfect Equili-

brium. |

If a perpendicular Line be drawn from the Cenx,%
ter of Gravity of a Body, it will tend towards the
Earth’s Center, and fuch a Line " is called the Line

of Diretion.

~ The Center of Gravity continually endeavuur@
to move downwards towards the Center of the
Earth; and therefore if a Body feems to move "
upwards by the Force of Gravity, it ‘will notwith-
ftanding be found that the Center of Gravity de-
fcends.

Fig. 6.
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ﬁg. 6. Thus, if an Angle fnrmed by two Ru-

= lers be placed on an horizontal Plane, and the Ends
be raifed above the Plane ; and if a Bedy in the
Form of a double Cone be laid near the angular
Point of the Rulers, it will, when let go, move.
towards the raifed Ends, and appear to afcend,
whereas it really defcends : For the Center of

«;i Gravity conftantly moves downwards, which will
" be eafily obvious by performing the Experi-
ment.

"[ Fig. 7. Let a wooden Cylinder made hollow
towards one Side, and filled with Lead, be placed
on an inclined Plane, fo that the Side which is
neareft the Center of Gravity may lean towards
the upward Part of the Plane, it will then afcend ;
but the Center of Gravity will at the fame Time
defcend, provided the Inclination of the Plane be
not too fmaH

It is therefore contrary to the Nature of heavy
Bodies, and of Courfe to the Center of Gravity,

éﬂ to aicend of themfelves, or_not to defcend, when
permitted fo to do. . B

Fig. 8. Hence it is that Bodies ftand when the
Line of Diretion falls within their Bafe: But if
the Line of Direétion, Fig, 9. falls without the
Bafe, the Body will fall ; for this Line does, as it
were, tie it faft to the Ground in the one Cafe, and

~ pulls it over in the other.

Seeing therefore that the ftanding of Bodies de-
pend upon the Lines of Direction falling within
their Bafes, it follows, that the larger the Bafe of
any Body be, and the nearer its Line of Direétion

'}é'-bf: to the Middle thereof, the more firmly muft
that
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that Body ftand ; and that the lefs the Bafe of any
Body be, and the nearer the Line of Direttion be
to its Side, ‘the lefs firmly muft that Body ftand,
and therefore it may be the more ealily over-
thrown ; becaufe the Line of Direftion is {honep
and more eafily removed out of the Bafe of the
one, than of the other.

Hence it is that a Globe or Sphere rolls eafily on
a Plane, and that it is fo difficult to make a point-
ed Body, as a Top, or a Needle to ftand on its
Point, or a thin Body on its Edge; and that a
Body flides on an inclined Plane when its Line of
Direttion falls within its Bafe, when a Sphere or
Cylinder being placed thereon will roll, and that
any other Body whofe Line of Direétion falls
without its Bafe, will tumble over.

Hence alfo it is that we are in the moft firm
Pofture when the Line of Direction falls juft in the
Middle between our Feet, that we are eafily thrown
down when it falls on or near either Foot, and that
we fall, when it falls without either.

Hence alfo it 1s that we bend forward when we
rife from our Seat, or go up Stairs; that a Man
leans forward or backward as he carries a Burden
behind or before, or to the Right Hand or lefe, as he
carries it on the oppofite Side :'and numberlefs
-other Inftances of the like Nature might be added.

Having thus far expl:ined the Unit verfal Prover
ties of Matter, it remains now to fpeak of {fome
of the Accidental Properties w. hich are peculiari to
fome Bodies only ; and more particularly thofe of
Magnetifin and Eleliricity.

Magneti/m
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I. Of Magnetifm.

Magnetifm is a very furprizing Species of At.

¢raction peculiar to that Foffil called the Magnet, or

Loadftone : Thefe Stones are found in Iron Mines,
and are much heavier and harder than Iron, but
of that Hue 3 they are neither all of the fame Size,
Figure, nor indeed are they all exaétly of the fame
Colour. The Properties peculiar to the Loadftene
are thefe.

1. It attra&s Iron or Steel only.

2. If a Loadftone put in a wooden Bowl-difh,
Jittle Boat, or any Jight Thing that will fuftain it
on Water, be let at Liberty, it will then turn one
. of its Sides towards the North and the other to-
wards the South Parts of the Horizon ; and thefe
two Parts of the Loadftone are called its Poles, and
‘the Line which is fuppofed to pafs from one Pole
to the other, is called its Axis.

3. Any Piece of Iron or Steel which has been
touched by a Loadftone will attraé and lift up a
leffer Piece, and ' this laft being touched by the
former, will again attract a ftill leffer Piece, &c.
and all thefe will have their Poles.

4. If a Knife be moved gently upon one of the
Poles of the Loadftone, from the Handle towards
the Point, it will lift up more than if rubbed to
any other Part; and if you then move the Knife
on the fame Pole gently from the Point towards
the Handle, or the fame Way on the other Pole,
it will lofe all the Virtue it had before acquired,

and
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and will not be able to lift up the fmaileft
Needle.

5. That Point of a Need le of a Cumpafs which
has been touched upon one Pole of a Loadftone,
will Point to the oppofite Part of the Heavens
that Pole itfelf will turn to 3 thus, it the knd of a
Needle be touched on the South Pole of the
Stone, 1t will, when fet upon its Center-Pin,
turn towards the North ; and if it be touched on the
North Pole of the Stone, it will turn rowards the
South ; therefore the South Pole of a Loadftone
will actraét the North End of a Needle or Sea-
Compafs, and repel the South End, and its North
Pole will attraét the South, and repel- the North
End of a Needle or Compafs. . |, .

6. All Needles which are touched. by the Lﬂad*
ftone will point towards the North and South Parts
of the Heavens nearly, and whatever Number of
Degrees the Points of the Needle deviate from the
truc North and South Parts of the Heavens, juft fo
much will be what s called the Pariation of the
Needle. "The Needle varies in the fame Place art
different Times, and in diffcrent Places at the fame
Time. In the Year 1580 the Variation in Dublin
was 11 Degrees eafterly, and in the Year 1753 ic
was 19 Degrees wefterly 5 but how long it will
continue fo, Time and Obfervation mult only de-
termine. In fome Places the Variation has been
found to be 5, 10, or 15 Degrees, and at the fame-
Time, at other Places, it has been found to be 20,
30, or 40 Degrees.

7. Bars of Iron which have ftood a long Time
in 2 perpendicular Situation will acquire the fame

. Virtue
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Virtue that a Loadftone by touching will deliver
to it in a Moment : Thus, the lower End of a Win-
dow Bar; or a Pair of Tongs'with which we take up
Coals, and which generally ftands nearly perpendi-
cular, will have the fame Virtue as we find in the
South Pole of a Loadftone, and the upper End has
the Virtue of the North Pole, |

8. If a long flender Piece of Steel be heated red
hot, and then dipped in Water perpendicularly s
or if an Iron Rod be held perpendicularly, and the
upper End'of it be ftruck by a Hammer ; reither
‘of thefe will immediatly acquire the fame Virtue
‘of the above-mentioned Bar or the Tougs.

9. If two polithed Pieces of Steel be placed at
the two Poles of a Loadftone, they jointly will
take up a much larger Piece of Iron, than the
naked Stone'itfelf will take up ; for the Iron which
is lifted up, touches the two Steel Poles, or the
Armour, in more Points than the Stone itfelf can
touch it in. But if the Armour be rufty, fo as to
render the Contaét lefs, or which is the fame
Thing, if we apply a rufty Iron toit; or if be-
twixt the ‘Armour and the Iron we put a Body
that is very thin, as a Piece of Paper, it will then
lift up no more than if it were unarmed, whereas
the Interpofition of fuch fort of Bodies does not
at all alter the other Effets of the naked Load.
ftone.

Hence it is that fometimes a weak Lﬂad[’mnc
will carry off a Piece of Iron which is fufpended
¢o one much ftronger, and this muft be when* the
~ weaker Loadftone touches the Irén in' more Points
than the {tronger does. {q &1
10. If
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10. If a Brafs Whirligig, whofe Axis is Iron or
Steel, be fpun round upon a Table, and then taken
up by a Leadftone, it will keep turning much
Jonger than if it be left to move on the Table ;
becaufe the Fri¢tion is taken off, when it is fuf-
pended by the Loadftone, that it fuffered when it
was on the Table.

11. If a Loadftone be let to take Ruft, fo as to
get into its Pores, its Texture will thereby be de-
. ftroyed, and the Stone will lofe much of its Vir-
tue; and in like manner if it be put into a Fire,
its Texture by that Means will be more deftroyed,
and therefore it will lofe much more, or perhaps
all its Virtue,

12. The only Remedy to prevent a Loadftone
from Ruft, or of being injured by too much Heat,
is to furround it with a Coat of lron ; for the Iron
will admit a much freer Paflfage to the magnetic
Matter, than the Air does, for it bends itfelf and
continues its Courfe in the Iron 3 and therefore the
Pores cannot fuffer fo much as when the Stone is
left naked in open Air.

13. If a Loadftone be fawed into feveral Pieces,
each of thefe will have its particular Poles, which
may be found by letting them fwim in fmall
‘wooden Cups or Boats, as before.

14. It will be neceflary here to obferve, that
the Needles of Surveying Inftruments are frequent-
ly out of Order, and require often to be touched.
The Reafon of this, as I take it, is, that as {oon
as a Surveyor has finifhed his Survey, he laps up his
Needle in a Scrap of Paper, and throws it in any

Manner into the Box by the Side of the Center-
D a Pin,
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Pin, and in that Manner lets it lie ’till the next
Time he has Occafion to ufe it; if this proves 2
long Time, it is very probable his Ncedie will b®
out of Order : For the Needle, by the Virtue
which is infufed therein by the Touch of the Load-
ftone, as before, has a Tendency to point towards
the North and South Points of the Heavens, and it
will ufe all its Effort fo to do, and will aétually
do fo, if it be laid on its Center-Pin on an hori-
zontal Plane in a Place where Iron is not near it
to alter or change its natural Situation. Now, be-
caufe the Needle, when thrown by the Side of the
Center-Pin, is debared of all its Power of point-
ing where it naturally would, tho’ it exerts all 1ts
Power fo to do, by the magnetic Virnyz infufed
therein ; it thereby fuffers fo great a Confliét, that
it is deprived of its ufual Strength and Effort, by
exerting it to no Effeét, and thereby its magnetic
Virtue -is fome way or other fo withdrawn from
it, that it becomes of little or no Ufe “till it re-
ceives a new Touch ; whereas, if the Needle be
kept on its Center-Pin in an horizontal Pofition,
as above, or if the Inftrument be conftantly ufed,
~ the Needle will be many Years without requiring
a new Touch. Tam no Stranger to the Complaints
of Surveyors concerning their Needles, and there-
fore I am the more confident in afferting that a
Needle feldom, if ever, requires touching, which is
conftantly ufed, or kept on its Center-Pin ; but the
Caufe of its net playing well, as ic is termed, or
not pointing duly as it ought to do, muft either be
owing to the Point of the Center-Pin being turned,
fo that the Friction of it againft the Cap impedes
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the Motion of the Needle ; or elfe that the Cap of
the Needle is pricked, or a Hole is made therein
by the Center-Pin being tco fharp, from a Jolt or
Jump. ‘So that in the general I am fatisfied that
Surveyors and Mariners would have fewer Com.
plaints of their Needles and Compafles, were they
kept always on their Center-Pins, except in carry-
ing on Horfe-back or on a Carriage, where the
Motion is very violent. | '
15. I have often heard it afferted, that Needles
-touched by different Loadftones had different
Tendencies towards the North and South Points of
the Heavens, and therefore that different Needles
had different Variations in the fame Place ; but
from rzpeated Experiments, I have found the
contrary, If indeed, Mathematical Inftrument-
Makers do not take fufficient Care to put the Ring
in the Box, fo that the g6ath and 18oth Degrees
the. zof fhall exaétly correfpond with the Line on
the Middle of the Index, and this again with the
narrow Slits of the Sights, and with the Hairs in
the Middle of the wide ones; the Difference
arifing in the Degree pointed to by two or more
Needles, is to be attributed to the Inaccuracy of
the Inftrument-Maker, and not to any different
Tendencies acquired by Needles being touched by
different Load{tones.
* Lafly, The attractive Quality of the Loadftone
atts in an inverfe or a reciprocal Ratio of the
Diftances the Iron or Steel is from the Stone ;3 that
is, ata fingle Diftance, the attraltive Force is four
Times greater than at a double Diftance, and nine

Times greater than at a triple Diftance, e,
: II. Of
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II. Of Ehéricity.

ElefTrics per fe, are fuch Bodies as will, when
heated by Attrition, Rubbing, or Frittion, attract
and repel all light Bodies at the Diflance of 10 of
15 Inches : Such are Glafs, Fet, Sealing-Wax, Agate,
and almoft all Manner of Precious Stones, $ilk, and
Amber 3 from which laft, on account of its general
Charaéter of taking up or attracting Straws, Pieces
of Paper, and other light Bodies, it bears the Name
of Ele&tricity. Non-eleéirics per fe are thofe Bodies
which cannot produce that Effect when rubbed, but
they attraét the eletrical EMluvium or Matter from
the Eleéirics per f[e, 'till they become replete, and
then they produce the fame Effects.

1. If a Glafs Tube of about an Inch and an half
Diameter, and two or three Feet long, be heated
by Rubbing, it will alternately attract and repel all
light Bodies. 2. It will not attract by being heated
without rubbing. 3. Any light Body being once
repelled by the Tube, will never fuffer itfelf to be
attracted again, ’till it has loft its Efluvium by
touching fome non-eledric per fe. 4. If the Tube
be rubbed with a moift Hand, or if it be touched
by any Thing that is wet, it deltroys the Eleétrici-
ty. 5. Itattralts beft when it 1s firft rubbed with
Bees-Wax, and after with a dry woollen Cloth.
6. When it is rubbed well, fo as to be in good
Order, if the Finger be moved by it, at the
Diftance of about half an Inch, the Vapour iffuing
therefrom, will fhap and crackle againft the Fin-

ger,
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- ger, and a Flath of Light will appear, if the Place
be dark.

Fig. 10. If under a Glafs Globe, or Glafs Cy-
linder, fixed upon an Axis, be placed a Cuthion
covered with Buff Leather, and over it be hung a
String of Wires from an Iron Bar which is fuftain-
ed by Silk Threads, proceeding from four wooden
Pillars, and if the larger Wheel be turned brifk,
and the Cufhion be kept clofe to the Cylinder,
(which 1s affe¢ted by a Screw paffing through the
Spring to the Extremity of which the Cuthion is
fixed ;) then by the Attrition of the Cufhion againft
the Glafs, the Globe or Cylinder will emit a co-
‘pious Elettrical Effluvium, which being attradted
by the Wires, will from thence be conveyed into
the Iron Bar: From whence many Experiments

may be performed, the principal of which are
thefe,

1. If you put your Finger, or any other .non.
electric Body, near the ele¢trified Bar, it will attract
the Vapour vifibly, and a Flame will iffue, crackle
and fnap in coming from the Bar, and in the Fin-
ger will be fele a flight prickling Pain.

2. If a Perfon ftanding upon a Cake of Wax or
Rofin, lays hold of the eleftrified Bar with his
Hand, his Body will be filled with the eleétric
Fluid which iffues from the Bar through his Arm;
but this eleétric Matter will be loft in che Floor, if
the Cake, or whatever elfe he ftands upon, be not
- an eledIric per fe. And if any Perfon touches any
Part of him who is {o eleitrified, the ele€iric Flame
or Matter, will ifflue freom the Part where he is

touched,
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touched, into the Finger that touched him, with
a Snap, and will raife a fudcien prickling Pain in
buth
If the cle@rified Bar bc touched by any
cie&nc Body, as Glafs or Wax, the Spark or
Flame will be fcarcely fenfible, ‘and therefore the
Confideration of it 1s avoided.
© 4. If two Perfons ftanding on Elefirics per fe, be
equally replete with the ele@rical Matier, touch
each other, nothing will be feen to iffue, fo as to
caufe either Flame, Snap, or Senfation ; becaufe in
this Cafe, they may be looked upon as Eleirics per
fe, and therefore will rather repel than attraét each
‘other : For if two Feathers be tied with fmall
flaxen Threads, and hung clofe to each other over
the Bar before it is eleétritied, upon eleétrifying
the Bar, they become in a Moment electrified, and
then they repel each other.
5. If two Perfons ftand on Cakes of Wax or
on feperate eletric Bodies, and if one of thefe
only be electrified, then as often as either touches
the other, fo often will the Perfon who is not
“electrified attraét the eleétrical Matter from him,
that is, ’till they are equally replete with ic: On
their firft Approach, the Snap and Senfation will
" 'be ftrong, the fecond Time it will be weaker, the
third @ill lefs, and fo on; *till the eledirified Per-
fon communicates to the other Half of che elefiri-
cal Matter he at firft contained, except the
“little that is diffipated at every Snap: For if
another Non-eleétric touch each Perfon, the like
Senfation will arife from both 3 and if the elecrified
Perfons

L]
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Perfons then touch each other, the Effe& will not
be fenfible to either.

6. If there be three Bodies eletrified which are
of a given Magnitude, but different Denfity, one
of Wood, anntherof Stone, and the third of Irons
then, if Bodies of the fame Kind, which are not
electrified, be held feperately towards each of them,
the Senfation, Flame, and Snap will be greateft
from the denfeft Bodies, weaker from the lefs
denfe, and exceedingly weak from the Bodies that
are leaft denfe. Again, if the denfeft touch the
rarelt Body, the Effe& will be ftronger than when
the rareft Bodies touch each other, and weaker
than when the -denfeft Bodies approach each
. other, '

4. If 2 Wire be ele@rified in the Dark, and
a Non-eletric be held at feven or eight Inches
Diftance from the End thereof, there will be then
feen to iffue from the Wire, a continual Stream of
luminous Matter, which will diverge to the Non-
ele@iric : The Divergency will gradually leffen, *till
it becomes parallel, by approachiug nearer with the
Non-eleétric. Again, if the Non-eleétric be held,
not directly before the End of the Wire, but wide
and diftant about two Inches therefrom, ghe iffuing
Matter will defcribe curwhnear Rays towards fuch
Non-eletric.

8. If a Perfon holds a fpoonful of warmed
Spirits of Wine or Oil of Turpentine within an
Inch or two of the Finger of a Perfon who is
clettrified, /the Fluid and Spoon being Non-
eleétrics, Wl” attralt the eleftrical Mattr:r from
his Bndy, {o as to fet the Spirits or Oil on Fire.

E g. It
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9. If a Perfon be bled in the ﬂrm, and the
Height to which the Blood rifes be well obferved:
If this Bleeding Perfon be immediately electrified,

his Blood will be found to rife to almoft double the -

former Height, and the Globules towards the Top
of the Stream, being now eletrified, and therefore
may be confidered as Elerics per [e, will repel one
another : But as foon as he leaves the elettric Body
upon which he ftands, or difengages himfelf from
the Bar, the Blood will immediately leffen in its
Height ; and it will alternately rife and fall as he
touches and quits the Bar, The like may be done
by eleérifying a Copper Fountain when the Jet is
{et going.

ro. If a light Wheel of Paper, made in much
the fame Manner with the Leaves of a Water-
Mill, having a Needle for its Axis, be thence fuf-
pended by a Loadftone, and held oppofite the End
of an ele€trified Wire or Sword, it will be carried
round with a furprizing Velocity.

11, If a Vial, clofely covered with Lead or
any other Non-eleélric, be filled with Iron or Steel
Filings, and fecurely corked up, has a Wire in-
ferted through the Cork, and Filings contained in
the Vial, the Cork being well covered with Wax,
be eletrified, the Vial by that Means will contain
a great Quantity of Efluvium : If then a Perfon
takes hold of another Wire or;Chain iffuing either
from the Top of the inferted Wire, or from the
Bar, by one Hand, and he gives his other Hand to
another, and that fecond his other Hand to a third,
and fo on with ever fo many Perfons ; then, if the
laft Perfon of this Chain of Perfons touches the

Bar
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Bar with his Finger, or a Wire, the eleétric accu-
mulated Matter will inftantly explode, and all the
Perfons compofing the faid Chain, will feel a very
fenfible Shock at the fame Moment ; which Shock
may be encreafed to a furprizing Degree, if two or
three fuch Vials be eleé&trified in the like Manner 5
which will be manifeft from what has been already

faid.

The Caufe of Gravity, as well as thofe of Mag:
netifm and Ele&ricity, having not hitherto been
{ufficiently accounted for by the moft Ingenious,
we therefore wave any Attempt of that Na.
ture.

CHAR
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C HiAP. 1L

Sir Isaac NewTton’s Laws of
Nature, or Laws of Motion ex~

plained.

Law 1.
"

Every Body will continue in its State of Reft, of mov-
ing uniformly in a right Line ; except ﬁ:&ﬁs;r as it
is compelled to change that State by Forces impreffed.

HERE being in all Bodies a certain inacti-

vity whereby they oppofe every Change ;
therefore a Body at Reft would remain fo for ever,
except it were compelled to change that State by a
Force imprefled. In the fame Way, a Body in
Motion would fer ever continue to move forward
in a Right Line, if fome Force did not oppofe its
Progrefs; for there is not required a lefs Force to
ftop the Motion of any Body, than was before
neceffary to give that Bedy Motion. Since then
the Vis Incertie, or Inativity of Matter equally
refifts equal Changes, it will not be lefs powerful
to continue a Body in Motion, than to preferve
a Body in a State of Reft.

Law
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Law 1I,

The Change of Motion is always proportionable to the
moving Force imprefled, and is always according to
the right Line in which that Force is impreffed..

For if any Force or Power gives a certain Mo-
tion to a Body, a double Force will give it a dou-
ble, and a triple Force a triple Motion : And this
Motion will be in the fame Direftion with the
Force impreflfed, becaufe it folely arifes from it 3
nor can any Body change from this Direction it
acquires from the firft impreffed Force, except it be
aftuated on by fome new Force which is in a diffe-
rent Direction :  So that if this new Force be in
the fame Direction with the firft acquired Motion
of the Body, it willadd to that Motion ; and if it
be oppofed to the firft Motion in an oppofite Di-
reftion, it will retard it 5 but if it be imprefied on
the firft Motion in an oblique Direfion, it will be
compounded of the two Forees as will be juft now

fhewn.

‘Law III.

Re-ation is always equal and contrary to AfFion 5 or
the Attion of two Bodies upon each other are al-
ways equal, and in-contrary Direiions. That is, by
Abtion and Re aétion equal Changes of Motion are
alting upon each other, and thefe Changes are im-
prefled towards contrary. Paris.

Whatever preffes or draws another Thing ig

equally preffed or drawn by it, but in a contrary
| Way.
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Way. Ifa Horle draws a Load, he is equally
drawn back by it ; for as much as he promotes the
the Progrefs thereof, fo much is he retarded in his

Motion ; that is, he, in Effet, is drawn back ; for

the fame Force of Mufcles and Sinews which he
exerts to draw the Load, would, if he were freed
from it, carry him to a much greater Diftance;

and confequently fo far as his Progrefs falls fhort *
of that Diftance, he is in Effect ji,:[’c {o far drawn
back ; and the fame Motion he communicates to
the Load, fo much does he loofe of his own, the

XLoad retralting upon him with the fame Force he

ats upon it: For which Reafon if the Weight of
the Load be increafed fo as to require the Horfe’s
whole Strength, no Motion will enfue.

~ When a Loadftone attraéts Iron, it is equally at-
tratted by it. For let a Piece of Iron and a Load-
ftone of equal Weight be fufpended by Cords of
equal Lengths, and let them be within the Sphere
of Attrattion ; then they will mutually move to-
wards each other, and meet at the middle Point of
their firft Diftance: And if either be fixed it will
attra@t the other. And the like obtains in all Kinds
of Attraétion.

If there be two Boats of equa] Dimenfions, or of
the fame Quantity of Matter placed by each other,
if a Perfonin either pufhes the other Boat they will
both equally recede from the Place they were in
together. But if one Boat ‘contains double or tri-
ple the Quantity of Matter of another Boat; and
thefe Boats be placed by each other, if a Perfon
in either puthes the other Boat, the fmaller Boat

 will recede twice or three Times as far as the lar-

gtt" s
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ger 3 that is, the Velocity of the fmaller Boat will
be two or three times greater than that of the larger,
tho’ the Momentum, or Quantity of Motion in each,
that is, the Force imprefs’d upon each will be the
fame ; Action and Re-aétion being equal and con.
trary. In the fame Way, if a Man in a Boag,
which lies on one Side of a Man.of War, whofe
Quantity of Matter i1s 1000 Times greater than
that of the Boat, the Boat will then fly 1000 Times
farther from the Man of War than the Man of
War will from the Boat; thus, if the Boat flies
1o Feet from the Man of War, the Man of War
will have flown but the one hundreth Part of 2
Foot from the Boat; yet the Moment, or Quan-
tity of Motionin each will be the fame. Hence, if
one in a Boat pufhes againft a Rock or Shore, the
Boat will recede from either, while the Rock or
Shore is immoveable: For the whole Earth, of
which either 1s but a Part, is inconceiveably large
with refpeét of the Boat ; and therefore the Velo-
city of the former may be efteemed nothing in
refpect of what is found in the latter,

Or a Stone in the Air as much gravitates the
Earth as the Earth does the Stone ;5 that is, a Stone
as much draws the Earth towards it as the Earth
does the Stone ; but becaufe the Quantity of Mat-
ter in the Stone 1is infinitely lefs than that in the
Earth, the Velocity of the Stone will be infinitely
greater than that of the Earth ; for, phyfically
{peaking, that of the Earth will be nothing, which
will eafily appear upen a Calculation.

When a Boat is rowed with Qars, the Ends of
the Oars drive the Water backwards, but the Wa-

ter
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ter acting upon the Oars forces them with the
Boat to which they are fixed forwards: For if the
Oars had nothing to act on, there could be no Re-
attion or Motion, fince no Force could be im-
prefled. Seeing therefore a Boat is carried for-
wards by the Re-altion of the Water on the Oars,
it follows that the broader the Blades or Ends of
the Oars be, or the greater Number there are of
them, or the fwifter the Strokes are, the greater
the A&ion muft be againft the Warter, and of
_Courfe the greater the Re-a&ion, and the Progrefs

of the Boat muft be.

Hence becaufe {wiming is nothing elfe than a
Rowing with Hands and Feet; it is, that Perfons
are carried forwards in the Water. In like Man-
ner Birds fly 3 for, by ftriking the Air downwards
with their Wings, the Re aétion of the Air drives
them upwards ; and in ftriking the Air with their
Wings backwards, the Re-aétion of the Air gives
them a progreffive Motion.

By thefe Laws it will be eafy to prove, that,

If & Body be afied upon by two Forces in different,
but not oppofite Directions, they will defcribe the Dia-
gonal of a Parallelogram in the fame Time, that each
Force alting [eperately upon it will deferibe the Sides.

Fig. 1. Let A reprefent a Ship at Sea, and thag
itis drove by the Wind in the Direction of the Line
AB, at the Rate of eight Miles an Hour from A
to B, in a Current that fets in the Direction of the

Line AD, at the Rate of four Miles an Heur : By
thefe
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thefe two Forces aéting together on the Ship at A,
it will at the End of the Hour be found at C, after
having defcribed the Diagonal of the Parallalo-
gram AC, :

For the Force AB will not hinder the Ship to
approach the Line CD, which is parallel to it ;
neither will the Force AD hinder the Ship to ap-
proach the Paralle] BC: therefore the Ship at the
End of an Hour will be found in the Point C.

If both Forces aét upon a Body fo, as each will
give it an uniform Motion, the Diagonal defcribed
will be a right Line as above. But if onc of the
Forces aéts in fuch a Manner as to make the Body
move fafter and fafter, while the ather aéts uni- -
formly on it, then the Diagonal defcribed by thefe
Forces jointly will be a Curve : Thus, Fig. 12.
Suppofe one Force to drive a Body from A in the
Direction AF, {o as to make 1t move through the
equal Spaces AB, BC, CD, &¢. in equal Times 3
then fuppofe another Force to aét upon a Body at
A, in the Direttion of the Line Af, in fuch a
Manner as to make 1t defcribe the unequal Spaces
Ab, cd, de, &c. in equal Times; thefe two Forces
will caufe theBody to defcribe the CurveA,g,b,i,4,/,
If the Spaces A, &c, cd, &c. be the Spaces through
which a Body falls by the Force of Gravity in
equal Times, the Curve 4,¢,b,i,k,/ will be fuch as is
defcribed by a Projeétile, as a Ball from a Gun,
and is called a Parabola. For, fuppofcin the fame
Time that the Force of Powder drives the Ball
from A to B, that Gravity would caufe it to tal]
from A'to 4, the Body in that Time would deferibe
thchDiagenal Ag, by the foregoing Rule ¢ Bur, in

¥ double
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double Time, Gravity will caufe the Body to
defcend four times as far, or to ¢; and the force

of Powder will carry itto twice its former Dif-
tance, or to C; {o that at the End of the fecond

part of Time the Body will be found at &:
And in like Manner, at the End of the third
Part of Time the Body will be found ati; a
the fourth, at £; at the fifth, at /, &c. and thus
the Curve, (which by Writers of Projectiles,
1s demonltrated to be that) of the Parabola, is
generated.

It will be here neceffary to fay fomething
concerning abfolute and relative Metion.

Abfolute Motion, is the Motion of a Body
when it moves from another which is at Relt.
And relative Motion, is the Motion of a Body

when 1t moves from another which 1s alfo in

Motion, at the fame Time, _
We cannot be fure that any Thing we know
of is at Reft; for though we may imagine any
Body to be at Reft, yet there may be ftill fome
very diftant Bud}r perfectly quicﬁ:ent, with re-
fpect to which it may changﬁ its Pofition, or

really move.

Whenever the whole 1s moved, all the Parts
will partake of that Motion, though thefe Parts
are relatively at Reft, or with refpeét to each
other: Thus the feveral Parts cf a Ship under
Sail, as well as thofe of the Loading, though

.they are relatively at Reft, yet they are all really

in Motion along with the Ship: And therefore
every particular Part is difpofed to move with
the fame Celerity as the whole, though it fhould

' L e
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be feparated therefrom, or though the Reft
~ thou’d fltop on a fudden and their Motion ceafe.

Thus if a Ship be under Sail, and a Perfon
lets a Stone or any heavy Body fall from the
Maft Head, it will fall exactly at the fame Dif-
tance from the Foot of the Maft, as if the Ship
were at Anchor; and all Motions upon the Deck,
and Bodies hanging perpendicularly, are the fame
as 1f the Ship were at Reft, every Part having a
Difpofition and a fufficient Force to move with the
fame Degree of Celerity with the Ship; for, if the
Ship were fuddenly ftopped by ftriking againft
a Strand, or any large Body ; the Perfons from
the Difpofition of Motion in them, would fal]

i

forwards, and at firft fetting off, they will be apt 4

to fall backwards, in as much as the Motion is
pot as yet communicated to them.

If a Stone be whirled about in a Sling, the
Stone and that part of the Sling in which it lies,
have the fame Velocity becaufe they defcribe
the fame Circles: But becaufe all Bodies affeét
to move in a right Line, the Stone would fly
off in every Part of 1ts Orbit, if it were not pre-
vented by the String; for as foon as the String
is let go, or breaks, the Stone will no longer
continue its Circular, but will break out inte
a rectilincar Motion. This Endeavour of the Stone
to break out of its circular Motion, into a Tan.
gent, is called 1ts Centrifugal Force, and is the
Caufe of ftretching the Swuing; for the fwifter

the Stone is whirled and the greater its Weight -

be, the greater will be the Tenfion of the String,
' F 2 R A
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or the more it will be ftretched: And this Cen-
trifugal Force can proceed from no other Caufe

& but the Endeavour which all Bodies have to move
in aright Line: And in like Manner if the Earths
Motion were fuddenly to ceafe, all moving or
loofe Bodies thereon would fly off with a violent
Motion.

¢ H A g

Of the fimple mechanical Powers, namely,

¥ 1, The Ballance. 2, The Lever. 3, The
Pulley. 4, The Axis in Peritrochio, or
Axis in the Wheel. 5y The Wedge, and
6, The Screw. With the Nature of Pen-
dulums,

F two Bodies of different Quantities of Mat-
ter or Bulks be impelled with equal Forces,
they are then faid to have a like Moment or
Quantity of Motion, tho’ the Velocity or Celerity
of the Greater will be lefs than that of the Leffer
as before, and therefore a Body however {mall,
may have a Moment equal to that of another
Body how ever great. Thus if there be two
Bodies whofe Quantities of Matter are as 1o to”
1, and their Moments equal, then the Celerities
will be as 1 to 10, or the greater Bodies Celerity
will be 10 Times lefs than that of the leffer;
that




ExpErRIMENTAL PuIirosorPuy. 37

that is when the Moments are equal, their Celeri-

ties will be reciprocally proportionable to thofe
Bodies ; and the Produ& arifing from the Quan-
tity of Matter into the Celerity of one, wll h:#
equal to that which arifes from the Quant;lat_y of "
Matter into the Celerity of the other: And on
the contrary, when thefe Produéts are equal, their
Moments or entire Forces are {o too, and there- 3
fore the Moments of Bodies are ufually expreflfed
by the Quantity of Matter into the Celerity.
Upon this Principle depends the whole of Me-
chanics. For in all Engines whatfoever, the
greatnefs of the Weight or Refiftance, muft be
compenfated by the Celerity of the Power to raife
it; that is, the Celerity of the Power muft be to
that of the Weight as the Weight is to the Power.

iy

I. Of the Ballance.

A Ballance 1s a Beam f{upported by an Axis up-
on which it turns, which Axis is the Center of
Motien ; the Parts of the Beam lying on each
Side of it are called the Brackia or Arms: And
thofe Parts of the Arms to which the Weights
are applied, are called the Points of Sufpenfion ;
And it Matters not, whether the impending
Weight be fuftained by a fhort or a long Cord, 4
for Gravity _ads equally .at {mal! nnequal Diftan-

oTT N

ces.
That a Ballance may be exaét it is requifite,

rdt. that (Fig. 13.) the Center of Gravity ‘of
the Beam be a littie below the Axis, or Center
of Motion, for when there is an Equilibrium the

Beam -,
> % o ﬂlfr/(c/
1w oty Lf




38 A COURSE of

/ Beam will not reft but in an horizontal Poftion,

R
v

and therefore the Weights which are compared
together are equal. But if the Axis be below
the Center of Gravity (Fig. 14-) and the
Center of Gravity be moved out of the Perpen-
dicular Line, it will not return from its Tendancy
t¢ move downwards, for which Reafon the

Z Weights will appear to be unequal, though m

b

Reality they are not fo. And the fame Incon-
venience will arife, if the Axis paffes, through the
Center of Gravity, (Fig. 15.) for notwithftand-
ing the Equilibrium, the Beam will reft in any
Pofition, ;

2. The Arms ought to be of equal Weight and
Length.

3. The Points of Sufpenfion fhould be in a

right Line with the Center of Gravity of the
Beam. '

4. The Frifion of the Beam againft the Axis
fhould be as litcle as poflible. Then equal Weights
fhifted to either Scale will preferve an Equilibrium,
For if the Beam be confidered as an inflexible
Line whofe Middle Point is the Center of Mo-
vion, and the Extremities, the Points of Suf-
penfion ; it is plain, if it be moved on its Center

that thofe Points wil] defcribe equal Arches, and.

therefore that they have the fame Celerity which

being multiplied into equal aEEending Weights,
the Produ@s or' Moments being equal, an Equi-
Iibrium will arife.

But if the Center of Motion be not in the

Middle of the Line, the Points of Sufpenfion
will not defcribe equal Arches, for the Arches.

defcribed

&
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defcribed by them though they are like,. will not
be equal to each other, but will be proportionable
to their refpective Diftances from the Center
of Motion; and therefore the Celerities of thefe
Points will be proportionable to their Diftances
from the Center of Motion: Wherefore in Or-
der that an Equilibrium may be obtained, the Ap-
pending Weights muft be reciprocally Propor-
tional to the Diftances of the Points of Sufpen-
fion from the Center of Motion ; in Order that
the Moments may be equal.

Fig. 16. Thus if the Diftance of the Axis
from the Points of Sufpenfion be as 6 to 5, the
appending Weights muft be as 5 to 6 to preferve
~an Equilibrium: For 6 muluplied into 5, will
be equal to 5 multiplied into 6: And therefore
the Moment is the fame on either Side. That
is 5 Pounds at the Diftance of 6 Inches from
the Axis, will maintain an Equilibrium with 6

Pounds at the Diftance of 5 Inches.
Hence a deceitful Ballance may be conftruéied,

for 6 Pounds will appear equal in weight to 5
Pounds, fo that a Perfon may be defrauded of
a Pound at every Draft: But if one be fufpicious
of any Defign of this Nature, let the Weights
be fhifted into the contrary Scales and the De-
fraud will inftantly appear, for 6 into 6 is greater
than 5 into 5, and then the Moments will be
unequal.

Fig. 17. If feveral Weights bE appended at
feveral Diftances from the Axis, and if the Mo-
ment or Sum of the Produés ot each Weight into
its Diftance on eone Side, be equal to the Moment

or
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orSum of the Produéts of each Weight into its Dif-
tance on the other Side, an Equilibrium will arife,

Thus 10 Into’ 5= 50

6 Into 4 =24 » into 10'= 70
211 inty Bre=ia 4 luto 7= 28
Sum @y . o= 98 Sum

Hence it is eafy to conceive how one and the
fame Weight may ballance different Weights:

Fig. 18, Thus, onePound at the Diftance of
20 will either ballance 20 Pound at the Diftance
of one, 10 Pound art the Diftance of 2, 5 Pound
at the Diftance of 4, 4 Pound at the Diftance
of 5, 2 Pound at the Diftance of 10, or one
Pound at the Diftance of 20:

Hence alfo ,it appears that the Weights of diffe-
rent Bodies may be found by one Weight only, as
in the Statera Romana or Steel Yard, Fig. 19.
Thus, if 2 Beam AB be divided into 11 equal
Parts, and if the laft 10 of thefe or the Diftance
CB be again {ubdivided into 10 other Parts, the
Diftance CB will then confift of 100 equal Parts:
Now if the Axis or the Center of Motion be
placed at C, at the Diftance of one of the larger
Parts from the Point of Sufpenfion A, from
whence any Body W whofe Weight is required, !
muft be appended; and if on the contrary Arm, there
be a moveable given weight P appended ; it is plain
that by removing it to,or from theCenter of Motion
ol anEqulibriulﬁ be maintained,that the Weight
of the Body W may be difcovered: For if the
Weight P at the Diftance of 8 Equiponderates

that
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that of W, at the Diftance of one, from C;
then the Weight W, is eight Times as heavy
as the given Weight P.

II. Of the Lever,

A Lever is fuppofed to be an inflexible Line
void of all Gravity ; though fuch as are common-
ly ufed, are- both flexible and weighty.

In every Lever there is an immoveable Point,
about which as a Center all the Parts of it turn ;
and whatfoever fupports that Point is called the
Eulerum or Prop: And with regard to the diffe-
rent Situations of the moving Power and Prop,.
the Lever is divided into three Kinds.

1. Where the Fulcrum is placed between the
moving Power and the Weight to be raifed.

Thus, Fig. 20. if in raifing a Weight W of
100 Pounds, there be applied a Lever WP whofe
Length is 36 Parts, and the Diftance of the
Weight W to be raifed to the Fulcrum F, be 6 of
thofe Parts; then a Weight or Power of 20
Pounds being applied to the other End of the
Lever at P, will be fufficient to bring it to main-
tain an Equilibrium, as in the Ballance; becaufe
the Moments 100 into 6, and 20 into 3o are
equal ; which Power P if it be ever fo little
encreafed will be fufficient to raife the Weight W,

Such Levers are commonly ufed for raifing
Stones, and in this Cafe the more weighty the
Lever or Quarry-crow is, the more ufeful muft it be;
becaufe the Weight of that Part of the Crow
which lies beyond the Fulcrum, far exceeds the

G . other
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other Part in Length, and a&ing in Conjunc,
tion with the Power, thereby facilitates the raifing
of Stones or other Weights.

To this kind of Lever may be reduced Fump-
handles; and feveral other Inftruments, fuch as
Sciffars, Pincers, Snuffers, &c. which are com-
pofed of .two Levers whofe Fulcrum is the
Revit:

2. The fecond kind of Lever has the Fulcrum
at one Fnd and the Power at the ether. Fig. 21.

This kind of Lever is therefore never ufed
but in Cafes of Neceffity, or where the Weights
to be raifed cannot be managed in amore con-
venient Manner: becaufe it is evident, the Power
which is requifite to raife the Weight, muft be
greater than it, As in Cafe of a Ladder, which

- being fixed or kept down atone End, is raifed
by the Affiftance of one or more Men, ’till they

warrive to its Center of Gravity ; and then it be-
comes a Lever of the third Kind.

To this fecond Kind of Lever may be reduced
Oars, Wheel-barrows, Drays, Cars, Nut-crakers,Cut-
ting-Knives the moving of Doors on Hinges, &¢.
 Since in this Lever the Diftance from the
Weight to the Fulcrum, is lef$®than is the
Power to it; 1t is evidenc that there cannot be
a Ballance in any Cafe but where the Weight
tICEEdE the Power,

. If two Men carry a Burthen ‘between them,
4% as a Sedan-chair, a Weight on a Hand-barrow
oron a Pole orStaff; it Es plain they both fuftain
the Weight, and that when it is in the middle
between them, that cach fuftains one half of
the
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the Weight: But when the Weight is nearer
to one than the other, he bears moft that is
neareft to it, in that Proportion that the other
is fartheft. from it: For the refpeftive Powers
are reciprocally as their Diftances. Now the
Poles, may be imagined as Levers of the
fecond Kind, and each Man’s Shoulder as
a Fulcrum with Refpe@ to the other; fo that
the nearer the Weight is to the Fulcrum, and the
farther the Power is from it, the greater is the
Advantage. X

This is alfo applicable to the Cafe of two
Horfes of unequal Strength, to be yoaked fo
to a Draft that each may draw in Proportion to
its Strength 5 which is done by dividing the Beam
fo, as that the Point of 7T'raétion be as much
nearer to the ftronger Horfe, as his Strength is
greater than that of the other.

3. A Lever of the third Kind, is when the
Power is between the Weight and Fulcrum.
Fip. 22,

To this are generally referred the Bones of a
Man’s Arm or Leg ; for when we lift aWeight in the
Hand, the Mufcle that is exerted to raife that
Weight is fixed to the Bone, about one tenth
Part as far from the Elbow as the Hand is; and
the Elbow being the Center about which the Arm .Y
turns, the Mulicle therefore muft exert a Force :
ten Times greater than the Weight raifed.

Hence we may eafily calculate the.StrengEh& |
of the Mufcles in any Part of the Body, by '
trying how much' they can lift at any Diftance

from the Center, .
| G 2 Hence
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Hence alfo any Thing is with moft Difficulty
lifted at Arms Length, the Shoulder being the
Fulecrum, and the Weight being at a greater Dif-
tance from it than if it were at the Wrift or
Elbow; and a Stick is more difficultly raifed at
full Length than at the Middle, becauie the Cen-
ter of Gravity of the Stick in the former Cafe,
is farther from the Fulcrum than in the latter.

In a- Compound Lever made of feveral fingle
Levers of the fame Kind, the Power will be to

+— the Weight 1n a Ratio compounded of the feve-
ral Ratios, which thofe Powers feverally have
when applied to the Weight., Thus Fig. 23. If

the Power of the Lever A be to the Weight to

be raifed as 1 to 5, that of the Lever B to the
fame Weight as 1 to 4, and that of the Lever

C to thefame Weightas 1 to 5 ; then the Power

of one Pound being applied to the End of the
Lever C, will fupport the Weight of 100 Pounds

at the End of the Lever A, fince 5 into 4 and

that into 5 are equal to 100, and 1 1nto 1 and that

into 1 will ftill make but 1 : For at the right Hand

End of the Lever A, the Weight will be one

fifth lefs, or 20 Pounds; at the right Hand End

of B, it 1s one fourth lefs than 2ewPounds, or
K Pounds 5 and again at the right Hand End of C,
it is 5 Times lefs than 5 Pound, or but one

—~Pound.
1. Of tbe Pulley.
The Pulley is a {fmall Wheel that turns about

1ts Axis, which has a drawing Rope paffing over
| it
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it, and is ufed in raifing Weights; it is of two
Kinds ; fixed, and moveable.

The fixed Pulley is of no other Ufe but to o
raife the Weight in_a_different Direction, than
in being over it to raife it perpendicularly, fince
it does_not in_the leaft affift the Power ; (Fig. 24)
for whatever be the Space through which the
Power P moves by drawing the Rope AP, the
Weight W muft in the fame Time be drawn
through an equal Space; and therefore the
Weight will be fupported by a Power which is
equal toit. N. B. In all the following Machines
of Pulleys, W [fignifies the Weight to be raifed, and
P the Power.

Fig. 25. When a Pulley to which there isa
Weight fixed, is placed in the double of a Rope,
whofe End is faftned to a Hook H; it is plain that

_ to raife the Weight one Foot, each Side of the
Rope muft be fhortened one Foot, cdunting from
the Hook downwards; that is, the Power muft be
faifed two Foot in Order to raife the Weight
one, or the Celerity of the Power muft be double ’L <7
to that of the Weight; and alfo becaufe the
Power fuftains but half the Weight, the other

~ half being fuftained by the Hook; the Power is
to the Weight as 1 to 2, and therefore its Moment

“will be equal to the Moment of the Weight and Y
will fuftain it: And this is juft the reverfe of the
fixed Pulley.

In a Machine confifling of fome fixed and other
moving FPulleys, and which have one common
Rope toall 5 if one End of the Rope be fixed,
the Power muft be to the Weight as one is to

- | twice
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twice the Number of moveable Pulleys, for the
- Celerity of the Power is to that of the Weight
in a like Proportion: Thus, (Fig. 26) if there
be one fixed and one moveable Pulley, the Power
muft be half the Weight; and if two Pulleys
are fixed, and two moveable, (Fig. 27, 28.) the
Power muft be one fourth of the Weight, and
the Celerity of the Power will be four Times
greater than that of the Weight, {o that for
every Foot the Weighe is raifed, the Power muft
defcend four Feet. And in the General, if there
be ever fo many Pelleys fome fixed and others
moveable having one common Rope, the Power
muft be to the Weight, as one is to twice the
"'\ Number of moveable Pulleys; and the Celerity of
the Power to that of the Weight will be in a like
FProportion; fo thatif there are 3, 4,0r 5 movea-
ble Pulleys, the Power muft be one fixth, one
eighth, or one tenth of the Weight, and for
every Foot the Weight rifes, the Power will
defcend 6, 8 or 10 Feet 5 or that Length of Rope
or Cord will defcend, for every Foot the Weight
15 raifed.

Fig. 29. If the Rope inftead of being fixed
at one End be faftened to the Weight or to the
Block which fupports the moveable Pulleys, fo as
to rife therewith, as in this Machine confifting
of two moveable Pulleys; the Power will be to
the Weight, as one, is to twice the Number

X of moveable Pulleys more by one ; and the Celerity
of the Power, will be to that of the Weight in- '

a like Proportion. In this Cafe therefore the Power
muft be one fifth of the Weight, and for every
Foor
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Foot the Weight rifes, the Power will defcend
five Feet.

~ Fig. 30. If to any of the foregoing Machines
be added a Runner, that is, a fingle moveable
Pulley which has its own Rope diftiné&t, fixed
at one End and the other faftened to a Block;
the Force of the former Machines will be doubled Zf~
by this additional Pulley: For fince the Point
M moves with twice the Celerity of the Weighe,
as ino the fingle moveable Pulley, ‘and the Power
with five Times the Celerity of M, then the
Power will have ten Times the Celerity of the
Weight, and confequently the Power will fuftain.
twice the Weight it did before.

Fig. 1. If a Machine be combinéd of one )
fixed and feveral moveable Pulleys, fo that every
moveable Pulley has a feperate Rope of its own; \lﬁ
then, the Power will be to the Weight, as one,
is to the laft Term of a duple Progreflion whofe
firt Term is one, and the Number of Tfrms(
one more than the Number of moveable Pulleys
- Thus, in this Cafe, if" one -be added to four,
~ the Number of moveable Pulleys ; the Number of
 Terms in the Progrefion muft be five: Then
fince one is the firft Term, the laft will be 16:
For one doubled, will be equal to two, for the
fecond Term; two doubled, will be equal to

four, for the third Term; four doubled, will
 be equal to eight, for the fourth Term; and
eight doubled, will be equal to fixteen for the
fifth Term : So the Power will be to the Weight
as one to fixteen. For the Celerity of the Power
is to that wherewith the Pulley G rifes, as two

10
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to one; fo likewife is the Celerity of G to that
of H, as two to one; alfo the Celerity of H to
I, and I to that of K as two to one: Wherefore
if the Celerity of the laft Pulley K or the Weight
be one, the Celerity of I will be two, of H
four, of G eight, and of the Power P fixteen,

Tho’ this Engine be of greater Force than any
wherein there is the fame Number of moveable
Pulleys, yet inas much as upon that very Ac-
count only it 1s that the Weights rife but flowly,
it is therefore bur feldom ufed 3 for Men chufe
rather an Engine of iwo fixed, and two moveable
Pulleys, with one common Rope; and if there
be Occafion to double the Force, this may bedone
by the Additmn nf a Runner.

1V. Of the Axis in Peritrochio, or the Axis
in the Wheel,

Fig. g2 This Engine which is a very fimpleone,
confifts of a Wheel fixed to an Axis that turns
along with the Wheel; its Manner of raifing
Weights is thus: The Power P being applied
to fome Part of the Wheel’s Circumference at
A, turns the Wheel together with its Axis, and
-thereby raifes one or more Weights W, "W, on
~ different Parts of the. Axis; and becaufe the
Wheel A, and its Axis revolve together; in
whatever Time the Power P moves through a
Space equal to the Circumference of the Whee]
A, the Weight muft in the fame Time be
raifed through a Space equal to the Circumference
of that Part of the Axis towhich the Weight is

appended
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appended ; therefore the Celerity of the Power
will be to thar of the Weight, as the Circumfe-
rence of the Wheel is the Circumference of the
Axis 5 and becaufe the Circumferences of Circles
are to each other as their Diameters ; the Celerity
of the Power will be to that of the Weight, as the
Diameter of the Wheel is to the Diameter of the
Axis ; if therefore the Power be to the Weight, as
the Diameter of the Axis to the Diameter of the
Wheel, the Power will then juft fuftain the Weighe:
Thus, if the Diameter of the Wheel be five In-
ches, and that of the Axis one Inch, a Power of
one Qunce, or one Pound, being appended from
any one Point of the Circumference of the Wheel,
will fupport a2 Weight of five Ounces, or five
Pounds which is appended from the Axis; and if
the Diameter of the Wheel be ten Inches, and that
of the Axis one Inch, then one Ounce at the
Wheel, will fuftain ten Ounces at the Axis.

When the parts of the Axis differ in Thicknefs,
as B and C do ; if Weights be hung at thefe Parts,
they may*be fupported by one Power applied to
the Wheel, provided the Produ& of the Power
into the Diameter of the Wheel, be equal to the
Sum of fhe Produtts of the feveral Weights, into
the Diameters of the Parts of the Axis from whence
they are appended : Thus, if the Diameter of the
Wheel A be ten Inches, and the Power P be two
Pounds, the Product will be 203 and if the Diame-
ter of that part of the Axis B be four Inches, and
the Weight W be three Pounds, the Product will
be 12 ; and again, if the Diameter of that part of
the Axis C be one Inch, and the Weight eight

H Pounds,
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Pounds, the Produét willbe 8; then the Power
P will fuftain the Weights W. W, in as much as
the firft Produét. 2o, the Moment of the Power,
is equal to the Sum of the other two Products 12
and 8, the Moments of the Weights.

This may be applied to the Machine generally
ufed in raifing Water from Wells; for if an
Handle projeéts five Inches from the Center of the
Axis, and it be turned about, the Diameter of the
Circle it defcribes will be ten Inches. If then the
Diameter of the Axis, about which the Rope from
the Bucket revolves be one Inch, then a Power of
20 Pounds at Diameter ten, will {uftain 2 Weight
of 200 Pounds at the Axis where the Diameter is
one; for 20 into 12 or zoo the Moment of the
Power, is equal to 200 into 1 the Moment of the.
Weight.

The like may be alfo applied to a perpendicular
Axis, with crofs Bars running through it, for raif-
ing Weights from Ships, which Machine ufually
bears the Name of a Crane, and is placed-on Quays.
where Goods are landed ; alfo to raife Stones for
Buildings toany affigned Height, with the help of
a fixed aud moveable Pulley; which Things are
fo frequently feen, that it is needlefs here to illuf-
trate them by any Scheme or Figure ;3 it may be
alfo applied to Calanders ufed in {moothing Linen,
to WindlafJes and Capftrens in Ships, to a Spit for |
roafting Meat ; becaufe the greater the Diameter
of the Wheel the Chain is fet into, be, the lefs
Weight or Power to the Jack will be fufficient to
turn the Spit, and any Meat on it : And to. many
other Ules of the like Nature,
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V. Of.the Wedge.

Fig. 33. In cleaving Timber with a Wedge, the
Force of the Strokes on its Bafe AD, is looked
upon as the moving Power, and the Cohefion of
the Parts of the Timber, as the Refiftance or
Weight to be moved.

Then if the Power be to the Refiftance, as half
the Breadth of the Wedge is to its Side, the Power
will be equal to the Refiftance ; and if the Power
be increafed it will overcome it,

From B the middle Point of the Bafe, let the
Line BE be drawn perpendicular to the Side CD ;
and the Line BC the Height of the Wedge per-
pendicular. to AD, bifecting the Angle ACD.

When the Wedge is driven into a Piece of
Timber by Strokes of a Mallet from C to B, then
CB will exprefs the Celerity of the Wedge ; and
the Refiftance of the Wood in cleaving, or the
Celerity of the refifting Body on each Side of the
Wedge, will be exprefled by BE which is the
Sine of the Angle BCE : Therefore that the
Moment of the Mallet, may be equal to that of
the Refiftance, they muft be inverfely to each
other as their Celerities ; that is, the Power or

Strokes on the Mallet, muft be to that of the Re.
fiftance, Cohefion, or Texture of the Wood to be o

rent or cleaved, as BE to BC, that is by, fimildr
Triangles, as BD, half the Bafe of the Wedge
is to DC the Side ; oras AD is to AC and CD, or
to 2 CD.

H 2 Hence .

ExPERIMENTAL PuiLosoruy, 5y’
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Hence it fu]]o fimilar Wedges are of
eqﬁﬂﬂorces, becaul'e in thefe the Angle BCE
remains the fame, the Line BE which "exprelles
the Refiftance, being the Sine of an Angle of the
fame Number of Degrees will be alfo the {ame :
But in diffimilarWedges the Powers to be applied
will be direétly as the Sines of the Angle BCE 3
that is, as the Sines of the Angles BCE increafe,
the Forces or Powers requifite to rend the Timber
with Wedges will be in the like Proportion, which
may be further confirmed by the following Ex-
periment.

If two equal Cylinders rowling on their Axes .
along the Edges of two horizontal Rulers, be
drawn together by aWeight of 2000 Grains, which
is applied to a Cord, whofe Ends are faftened to
the two Cylinders 5 then if there be three Wedges
feverally applied between the Cylinders each
of three Inches height, with the Weight of 300
Grains appended to the firft, 600 to the fecond,
and goo to the third, they will feverally be drawn
down by their refpective Weights.  In this Ex-
periment the Force which unites the Cylinders,

- together with the Friction of their Axes are con-

fidered as the Refiftance, and the Wedge with its

appending Weight as the Power.

V1. Of the Screw.

‘The Serew confifts of two Parts the Male and
the Female, the prominent Parts of the Thread of
the Male, exaétly fitting the Cavities of the
Female. The chief Ufe of this Machine is, to

prefs . -
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prefs theﬁ:: Bnalcs c nfely together, and ome-
times w’ﬁrea%‘;&' de l:h:m When %
oné Part ¢ requenr.f . while the other is

turned round, and of Courfc the Power muft move
quite round the Cylinder, before the Weight or
Refiftance afcends from one Spiral winding to ano=
ther : By as much cherefore as the Circumference
of the Cylinder is greater than the Diftance or In-
terval between the Spiral Lines, by juft fo much
may the Power be lefs than the Weight in order
to Ballance it. It therefore manifeftly follows,
that the greater the Circumference of the Cylinder,
and the fmaller the Diftances of the Helives or
Spirals are, the greater is the Force of the Screw.

This Inftrument is attended with a very confi-
derable Fri€tion of the Parts againft one another,
and it is much greater in this than in any of the
other Mechanical Powers: On which Account
only, the Experiments ufed to thew the Force of
the Screw, vary more than any of the reft from
the Theory.

Sometimes an Axis in Peritrochio is applied to
this Inftrument, upon Account of the Time loft
in fhifting its Handle, as well as to increafe the
Power,

In an Engine compounded of feveral of the
Mechanical Powers, it will be found a Matter of

no great Difficulty to ccmpute the Force of the
Whole, from the Force of every Part ; if what

has a]ready been faid be duly attended to; or by
tracing through the Whole, the fuperior Degree
of Celerity with which the Power moves, when

- compared

Wi

oy
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compared with the Weight or Refiftance that is to
be raifed or overcome, :

- But in computing the Pewer of any Engine
it muft be obferved, that an Allowance muft be
made on the Account of Fri'&iuﬁ;. becaufe no
“Engine can be made fo perfe@tly fmooth and exact,
as to be free of it, and thereby fome of its Force
is loft.

~.From what has been faid, it is plain, that the
greater the Celerity of the Power be, the greater
Weight it will raife, and therefore it is impoflible
that the fame Power can raife a Weight of one
Pound, and then a Weight of two Pounds, with-
out increafing its Celerity 5 dnd that no Engine can
pellibly be contrived fo, as to gain Power without -
laofing Time . Thusit is eafy by any of the fore-
going Powers, to make one Perfon raife a Weight,
equal to what 100 fuch Perfons could jointly ac-
complifh, but that Perfon muft be allowed 100
Times the Time to do it. - 9

Of Pendulums.

A Pendulum is a2 Weight or heavy Body hangmg
at the End of a String, by whafe Vibrations or
Swings, Time is meafured evenly. - _

The f(mall Vibrations or Arches, which are
defcribed by the fame Pendulum, though they be
unequal, are yet performed very nearly in the
fame Time: For if two Pendulums of equal
Lengths, be put in Motion together at one Me-
ment, having raifed one h:gher than -the other,

before they are let go; it is plain the- Arcl:[ea
- dﬁfcn:be@

p-
%
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defcribed by one, will be greater than thofe de- |
fcribed by the other; and yet they will be found to
be defcribed in the fame Time very nearly ; for in
one hundred Vibrations the Difference of Time
will not be one Vibration. e Y
Fig. 34, The Times wherein Pendulums of
unequal Lengths perform their Vibrations, are to
one another'inverfely as the Square Roots of the -
Lengths. Thus, if the Pendulum A of 25 Inches .
long, and the Pendulum B of 36 Inches, be let to
{wing together ; then A will be found to perform
6, in the fame Time that B performs 5 Vibrations,
thefe Numbers being the Square Roots of their
Lengths 36 and 25. Or if the Pendulum B were
-4 Times as long as the Pendulum A ; A will per-
form 2 Vibrations in the fame Time that B will
. perform one, thefe Numbers being the Square
Roots of 4 and 1.
- It is agreed that in our Latitude, a Pendulum of
39.2 Inches long, will in a fecond of Time per-
form one Vibration ; and therefore, thata Pendu- -
~ Jum of 9.8 Inches long, will perform two Vibra-
tions in a fecond ; becaufe 39.2 i1st0 9.8 as 4 ta
* 1, therefore 1 Vibration of the longer Pendulum
will be performed in the fame Time that the thorter
¢ performs 2. “—gEE>
The Length of a Pendulum is meafured from
the Center of Sufpenfion, or Point upon which it
Swings, to the Center of Ofcillation, or to the
Center or Middle of the Ball or Rob, in which
Center if all the Matter of the Pendulum were
- colle@ted it would Vibrate in the fame Time.

The
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The Time of the Vibration ‘'of a Pendulum is
not altered by changing the Ball or Wcight s for
it has been already fhewn in Page ro. that light and

* heavy Bodies defcend with equal Swiftnefs, or in
the fame Time, provided they meet with no Re-
fiftance from the Air, which in heavy Bodies is
very inconfiderable ; and therefore how heavy fo
ever the Weight be, the Time of a Vibration will
be the fame, while the Pendulum continues of the
fame Length : For if two unequal Weights, ap- ~
pended by Threads of equal Length, be let fall
together from the fame Height, they will continue
to perform their Vibrations in the fame Time.

From what has been faid it is plain, that beeaufe
one Vibration of a Pendulum of 39.2 Inches long,
is performed in a Second of Time, it will be
eafy to difcover, in what Time, any other
FPendulum of a different Length will perform
its Vibrations ; or if the Time be given, the
Length of the Pendulum niay be obtained ; but
due Confideration is to be had, that the longer
Time a Pendulum takes to perform one Vibration,

_ the fewer of fuch Vibrations will be performed in
_any given Time, asin an Hour or a Minute, that
18 in either Cafe the Proportion will be Inverfe.
Thus, if a Pendulum vibrates 3o Times in a Mi-
nute, and its Length be required ; fay as goo the
Square of 30, is to 3600 the Square of 60, or
the Square of the Number of Vibrations perform-
ed ju one Minute by a Pendulum, whofe Length is
39.2 5 fo is that Length 39.2 to 156 8 Inches the
Length of the Pendulum required. And on the
contrary, if it were required to find the Number

of |

o
"‘r-' i
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of Vibrations, a Pendulum of 156.8 Inches long
will perform in a Minute; then 156.8 is to 39.2
as 3600 is to oo, the Square Root of which 30
will be the Number of Vibrations, a Pendulum
of 156.8 Inches long will perform in a Minute.
" Or which is the fame Thing, becaufe firft goo is
to 3600 as 1 to0 4, therefore 156.8 the Length
of the Pendulum, which will Vibrate 30 Times in
a Minute, muft be 4 Times longer than 39.2, the
Length of the Pendulum that Vibrates Seronds,
or 6o Tiumes ina Minute. And fecondly, becaufe
156.8 1s to 239.2, as 4 is 1, therefore the one
fourth Part of 3600 or goco muftbe the Square of
the Number of Vibrations, which a Pendulum of
156.8 Inches long will perform in a Minute, and
confequently the Number of fuch Vibrations will
be 30. 2

Again, let it be required to find the Length of
a Pendulum, that w:ll Vibrate as often in a Minute,
as itis Inches in Length.

The Square of 60 or 3600, the fecond Term
being multiplied into the third Term, 39.2 will
give 141120 for the Produ¢t of the Means, and
as that Number therefore muft be alfo equal to the
Produt of the Extreams; 1t follows, that becaufe
the Number of the Vibrations, of the required
Pendulum ina Minute, are in this Cafe, equal to
the Number of Inches in the Pendulum’s Length,
therefore, the Square -of them Vibrations being
multiplied into the Inches in Length, or which is
the fame Thing, the Cube of the Length, or of
. the Vibrations in a Minate, will be the Produét of
- the Extreams, which as before, muft be 141120,

§i: I ot
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of the fame as that of the Means; wherefore the
Cube Root 141120, which is 52, muft be the
Inches contained in the Length of a Pendulum,
that will Vibrate 52 Times in 2 Minute,

~ Since itis well knswn that all Metals expand
with Heat, therefore the Pendulums of Clocks be-
come longer in Summer than in Winter, and on
this account Clocks go flower in Summer than in
Winter, inalmuch as the Vibrations of their Pen-
dulums become flower, by their being lengthened
by Heat : For this Reafon, there is a Screw under
the Bob, or Weight of every Clock Pendulum, by
which Means, the Length cf the Pendulum may
be increafed or diminithed, in order to make the
Clock keep due Time ; that is, that the Length
of the Pendulum may always be 39.2 Inches for
this Laticude.

We have here faid, that two Pendulums of the
fame Length, defcribing urequal Arches, will
make their Vibriations nearly equal in a given
Time, but not exaltly fo; and therefore it muft
follow, that becaufe the Vibrations are not pre-
cifely equal, that fuch Pendulums cannot be ad-
mitted te be an accurate Divifion of Time, inaf-
much as very fmall Differences will in Time
amount to a fufficient large Difference, as Expe-
rience has taught us. Wherefore that the Vibra-
tions of Pendulums may be rendered precifely
equal and exaft, whether the fame Pendulum de-
feribes greater or lefs Arches, fo as that T'ime may
be meafured with the utmoft accuracy ; Monfieur
Huygens, difcovered a Method, whereby a Pea:
dulum by moving in the Curve of a Culoidi

. will
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will amply and wunerringly {npply. whatf:vtr was

before defective,
Fig. 35. If a Circle touching theright Line AB,

in the Point A, be moved from A along that Line,
in the Manner of a Wheel from A to B, fo as to
perform one entire Revolurion; then the Point C
will defcribe a Curve Line ACB, which is called
the Cycloid : And a Pendulum is made to move in
this Curve thus, let the 4xis of the Cycloid which
bife¢ts the Bafe perpendicularly, be produced the
contrary Way towards E till DE be equal to DC;
through the Points A and E, and B, lettwe Semi-
Cycloids AE, EB be drawn each equal to half
ACB, their Fertices, or Tops being at A and B ;
then if EA and EB be two Plates of {ome Breadth,
and a Pendulum of the Length of EC, appended
from the Pgint E be made to Vlbram between
thefe Plates 5 its upper Part

flexible, will apply itfelf tothat Plate, tawards which
the Body moves, by which Meaps. it will move in
the Cycloid ACB, and meafure Time equally .
which has been fully proved, by the Author Mon-
fieur Huygens, Dr. Wallis, Mr. Cotes, and many
others. |

iz g CHAP.
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G AP + IV.
Of Hydroftatics or the Properties of Flaids.

HJ’DR OSTATICS when invented by Ar-
chimedes, confifted nnly in the Art of weigh-
ing Bodies in Water 5 but it now comprehends the
Nature and Properties of Flrids in general.

A Fluid in general is a Body, whofe Parts yield
to the leaft Prefluré, and in yielding are eafily
moved one among another.

The conftituent Particles of a Fluid muft be
very fmall, hard, round and {mooth ; we muift
grant that they are very fmall, becaufe they are
not to be diftinguithed even with the Affiftance of
the beft Microfcopes'; that they ‘are hard, becaufe
no Fluid is compreflible, or can poflibly be pref-
{ed together into'a lefs Space, than that which it
naturally poflefeth ; (except Air or Steam, of
which hereafter) and that they muft be round
and fmooth, becaufe the Particles or Parts, eaﬁly
yield to any impreffed Force or prefiure.

It is moft certain, that Fluids as well as Solids
confift of heavy Particles, whofe Gravity is ever
proportionable to the Quantity of Matter which
‘they contain ; and therefore it follows, that the
Surface of a Fluid will be {fmooth and level, if it
be not actuated on by fome extraneous Caufe ; for

fhould
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fhould any Part be higher than the reft, it muift
defcend by the Force of Gravity, and {o {pread
itfelf till it comes on a Level with the reft ; or
Phyfically fpeaking, till it partakcs of the Earth’s

Rotundity.

Fig. 36. The Force of Gravity, likewife occa-
fions the lower Parts of Fluids, to be prefled
with a Force that is proportionable to their per-
pendicular Height from the Surface: For, fuppofe
the Fluid in the Veflel] AE, to be divided into
feveral equal Parts, by the Lines A, B,C,D.Es
then its plain, that the loweft Part, or that under
the Line E, muft {uftain a Preflure of all thofe
Parts which are over it, and that the Parts D or C,
will alfe be prefled by thofe Parts which are above
them; and therefore any Part of the Fluid, or
any Body which'is immerfed in any Part of the
Fluid, will fuftain a Preflure which will. be
greater or lefs, as its Diftance is trom the Surface,
or a Preffure which will be proportionable to its
perpendicular Height from the Surface. "Thus an
empty Bottle, bcmg clofe corked up, and funk to
a great Depth in the Sea, will either be prefed
together by the Force of the incumbent Water,
or will have 1ts Cork thruft into it. Which Ex-
periment is well known to Sea-Men, |

Since therefore the Parts of a Fluid which are
at equal Depths below the Surface, are equally
prefled, they muft confequently be at reft, and
not in continual Motion, as fomc would have it ;
But when this equality of Preffure is deflroyed,
then it is plain, a Motion will arife in the Parts

| of
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of the Fluid, which will continue till the Preflure
becomes again equal. p '

The Force wherewith the lower Parts of a Fluid
are prefled downward, exerts itfelf equally in all
Manner of Direétions ; Fig. 36, For if an Orifice
be made at s in the Side of a Veffel containing any
Fluid, the Fluid will ruth out with_the very fime
Velocity, as if it run through a like Orifice made .
at.b in the Bottom, becaufe it will be Difcharged
through either in the fame Time: And in lLke
Manner, a Fluid will prefs upwards with an equal
Force 5 for if a Tube as # be turned upwards, the
Fluid will fpout from it almoft as high as the Sur-
face thereof in the Veflel, and would quite as high
if it were not for the Refiftance of the Air, and
the Friction of the Water in the Pipe or Tube,

Fig. 37. The upward Preflure of Fluids may be
alfo demonftrated thus: Take a fmooth Weight as
a Piece of Lead, and fitting it to the End of a
Tube, with a wet Leather between them ; hold
the Weight by a String, pafling through its Cen-
ter of Gravity, keeping  the Tube clofe thereto,
and immerfe it to the Depth of 12 Times its own
Thicknefs, or more, inWater 3 (for Lead is above
11 Times heavier than Water); If then you let
the String go, the Preflure of the Water upwards
againft the Weight, will Support and keep irto =
the Tube, becaufe the downward Preffure is taken
eff by the Tube. |

Or thus 3 If a Piece of Paper, be put over the
Mouth of a Glafs full of Water, and the Glafs be
earcfully turned with the Mouth downward, the

Water will remain fufpended in the Glafs by the
Atmofphere
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Atmofphere, or Air prefling upwards, becaufe its
downward Preflure is taken off by the Glafs.

The Preflure which the Bottom of a Veffel

fuftains from a Fluid contained therein, is as the
perpendicular Height of the Fluid only, and not
as the Quantity of Fluid the Veffel contains.
- Thus, Fig. 38, If an unequal bended Tube
ABC, having its open Ends A and C turned up-
ward, has Water poured in at either the {fmaller
End A, or at the wider End C, it will rife to an
equal Height in each Leg; and therefore the
lateral or fide Preffure next the Bottom B, muft be
manifeftly the fame from each: But becaufe, the
Preflure of a Fluid on the Bottom of a Vefiel has
been fhewn to be equal to the lateral Prefiure,
therefore the Bottom of the Veffel is equally pref-
fed by the Fluid in the fmaller-Leg, and by that
in the greater One, or as the perpendicular Height
of the Fluid in each Leg, and not as thL’: Quantity
contained in éach.

Herice arifes this Hydroftatical Paraa‘ax, thar a
fmall Quantity of a Fluid may be made to prefs as
much, as any other Quantity how great foevers
for if the Leg CB be increafed to a Size however
great, and the Leg AC be diminifthed as fmall as
~ may be, or if the Quantity of Fluid contained
in each, be according to any affigned Proportion
whatfoever, the Preffures at the Bottom will be
equal, for the perpendicular Heights of the
Fluid in each Leg will be the fame.

Fig. 39. Let there be two Veflels A and B filled

. with Water, whofe Bottoms CD and EF are

equal, bue the Capacities of the Veflelsas different
R as
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as may be; if an equal Hole be bored in the
Bottom of each, and the Veflels be kept con-
ftantly ‘filled to the fame Height, the Water will
be found to run with an equal Celerity from each
and therefore the Preffure of the Fluid againft
the Bottom of each will be equal, fo long as the
perpendicular Height of the Water remains the
fame. It therefore evidently follows, that the
Banks ot the Sea are no more prefled, than thofe
of a. Pond or of a Ditch of equal Depth, ab-
ftratted of the Force of the Waves, and of the
Difference of Weight between Salt and- Frelh
Water. _ .

From what has been now faid it is evident,
that the Preffures on equal Bafes are as the per-
pendicular Heights of the Fluids contain’d in them
however different the Veflels themfelves be: And
univerfally that the Preflure on any Bafe is mea-
fured, by multiplying the 4rea of the Bafe, into
the perpendicular Height of the Iluid, without
regarding the Quantity of the Fluid. Thus if two
Veflels of equal Bafes, have 5 Inches depth of
Fluid in the one, and 4 in the other ; the Preflure
on the Bafe of che firft, wiil be to that of the fe-
cond, as g to 4 : Again, if there be the Bafes of
two Veflels, whofe Areas are as 4 to 15 and if the
Depth of the Fluid in the Arft be 8 Inches, and
that of the fecond 32 ; then 4 muluplied by 8 or
32, will Meafure the Preffure on the whole Bottom
of the firk, and 1 multiplied by 32, or 32, will
Meafure the while Prefflure on the fecond ; and

fecing thefe Meafures are equal, the whole Bottom

of the firlt will be preffed with 2 Weight, equal to
: thar

=
L
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‘that which preffes the whole Bottom of the fecond®
But when we fay, Fluids prefs with a Force,whicn
is proportionable their perpendicular Heights, we
mean that they prefs in that Proportion, fuppofing
their Bafus equal, or chat they prefs in that Pro-
portion upon any equal Parts of the Bottoms or
Sides of Vefléls, when their Bottoms are unegual.

Since rhe Botrom of a Vefiel, bears a Preflure
proportionable to the Height of the Fluid, and
that cthofe Parts of the Sides which are adjacent to
the Bottom, bear a like Proportion, it therefore
follows, thatif a Hogfhead full of Liquor be fet
on an End, the Sides next the Bottom will bear
the greateft Strefs, and that the ftrefs decreafes, |
jult as the Diftance from thé Bottom increafes s
for which Reafon it is fir, that Veflels of a confi-
derable Height, fhould be much ftronger at the
lower, than at the upper Parts, in order that they
may be enabled to fuftain the Prefiure.

The Preffure on the Bafe, being as the Height
of a Fluid, it is ealy to conceive; that if a full
Hogfhead be feton an End, and a Pipe be inferted
through a Hole made in the upper End, and filled
with a like Fluid, the Bottom will be as firongly
prefled, and be in the fame Danger of Burfting,
~as if the Hodgfhead was continued to the fame
Height as the Pipe, and filled with Liquor ; and
that if fuch: a Pipe were continued toa great Height
and filled, no Hogthcad would be fufficient to
withftand the Preflure.

K of
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Of the Specific Gravities of Bodies.

The Specific Gravities of Bodies, are the Weights
of Bodies of the fame Size or Bulk when compared
to each other ; thus if a Cubic Inch of one Body
be 2 or 3 Ounces, and a Cubic Inch of another
Body weighs one Ounce, then the firft Body is
faid to contain two or three Times the Specific’
Gravity of the other, or to be two or three Times
Specifically heavier than the other.

The Relative Weight or Gravity of a Body, is
the Excefs of it’s Specific Gravity, above that of
a Fluid, in which it is immerfed.

Fig. 40. A Body Specifically heavier than a
Fluid when weighed therein, loofes fo much of
its Weight, as is equal to the Weight or Quantity
of that Fluid as big as the Body: For, let the
Body B be immerfed in the Veflel A, filled with
Water, it will throw out of A into the Veflel CC,
wherein it is immerfed, juft fo much Water as is
equal to the Bulk of the faid Body B.

Hence if a Body be weighed in Water, and out
of it, the Difference of Weights, will be the.
Weight of a Quantity of Water as big as the
Body: And if the abfolute Weight of the Body,
or i's Weight out of the Water, be divided by
the faid Difference, the Quotient will thew how
murh heavier than Water that Body is.

After this Manner the Specific Gravities of
Bodies may be found. Thus, If a Quantity of
Mercury Weigh 84 Grains out of Water, and 48
+Grains in Water, the Difference of thefe Weights,"

- 6 Grains
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6 Grains is the Weight of as much Water, as is
equal in Bulk to the Mercury ; if then 84 Grains,
the abfolute Weight of the Mercury, be divided
by the aforefaid Difference 6, the Quotient 14
fhews, that Mercury is fpecifically heavier than
Water.

By this Method, the Specific Gravities of feve-
ral Bodies are found, that is how many Times they
~are heavier than Water, Bulk for Bulk; as in this
Table,

A Table fhewing the {pecific Gravities of
certain natural Bodies.

The fineft Gold - - 19.640
Standard Gold of England - 18.888
Mercury - - 14.000
Lead - - 11.325
Fine Silver - - 11.091
Standard Silver - - 10.535
Copper - - - . 9.000
Caft Brafs - - 8.500
Steel - - 7.852
Iron - - - 4.643
A Diamond - - 3.400
Clear Glafs - - . 3.150
Green Glafs - - s 2.620
Dry Ivory - - - 1.825
Ebony - - - 1.177 =
Human Blood - - 1.054
CowsMilk - - - 1.030
Sea Water - = T 1.030
Common Water E - 1,000

K 2 Dry
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Dry Oak - - - 925
Spirit of Wine - 2 - 866
Cork - . . - 240

T'he fpecific Gravities of {olid as well as fluid
Bodies, are different from cne another in Summer
and Winter. For in Summer all Things are
rarified by the Sun’s Heat, and in Winter they are
condenfed by the Cold. Yet this Rarefattion or
Condenfation 1s not alike in all Bodies, but very
different, as will appear by the following Table,
which fhews the Weight of a Cubical Inch of
Paris, there in Ufe. |

In Summsr. In WINTER.
Oz Dr. Gr. Oz. Br. Gr.

Mercury - - i S0 TS
K of Vitroll "= - "o » gg}0 4.1
Spitigof Vitrol - - o 5 33l0 5 38
. Spiritof Nitre - - o0 6 24]|0 6 44
Spiritof Salt -~ - o 5 49f0 5 55
Aqua-fortis - - 0. P 208 o Wy o
Vinegar - - 0% 15 FDaiE Loy
Vinegar diftilled - - o 5 11|]0 5 15
Spiritsof Wine - - o 4 32|00 4 42
CowesMilk - - - o 5 20f0 5 25
Rivep Warer. .- <« 0 5 10§10 5512
Well Water - - O . - TEOE e T
Waterdiftilled -« - o 5 810 5 Ir

In the firft Table, if the Point be taken from
the Numbers, or which is the fame Thing if
gach Number be muliiplied by 1000, you will

| have
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have the Ounces Avoirdupois which are contajned
in a Cubic Foot of each Body.

By this Table may be found the different
Quantities of two Metals, which Metals are
known te compofe a Body however great or

fmall.
Find the Specific Gravity of the Mixture, or

how many Times it is heavier than Water, as
before: Then fubftraét the Specific Gravity of
the lighter Metal, found by the Table, from the
Mixture, and that of the Mixture from the hea-
vier ; the firft Remainder will fhew the Bulk
of the Heavier, and the latter the Bulk of the
Lighter. It thefe Remainders be multiplied by
their refpeétive Specific Gravities, the Produéts
will thew the Proportion of the Weights of each
Metal of the Mixture. Thus;

Suppofe there be a Body weighing 30 Grains,
which T know to be a Compofition of two Metals,
as of the fineft Gold and Copper, and that I find
as before the Specific Gravity of the Mixture

to be 13, or that itis 13 Times heavier than Wa-

ter. Required how much of the fineft Gold,
and how much Copper there is in the Mixture.

‘From the Specific Gravity of the Body 13
Take the Specific Gravity of the
Copper as in the Table - . - } 9

i DT e

There remains the Bulk of the fineft Gold 4

-
o v sy

From
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From the Specific Gravity of fineft 2 _
O s i
Take the Specific Gravity of the Body 13.

CoeaLms e

There remains the Bulk of Copper 6. 64

o

Then fineft Gold 19. 64 And Copper 9.
Mul. by 4. Mul. by 6. 64

The Prop . of Gold 78. 56 Prop. of Cop. 59. %8

L ER e 3 iatal

So that for every 78.56 Pounds, Ounces, or Grains
of the fineft Gold, there will be 59.76 Pounds,
QOunces, or Grains of Copper in fuch a Mixture.

Let thefe Numbers be added together
Gr. :
48.56
59.76

e e e TR BT TR

138.32 whole Mixture

T

- Gr. Mix. Gr. Gold Gr.Mix. Gr. Gold
Thenfay,a8 128,22 : 78,656° 31 30 : 13
Gr. Cop. Gr. Cop.

388,03 - ccnh o 9g s g

Sa that the Body contains 17 Grains of fineft
Gold, and 13 Grains of Copper.
N. B, This Procefs is only inferted for the Ufe

of Beginners.

Fig. 42
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Fig. 41. A Body fpecifically lighter than a
Fluid will fwim thereon, in fuch a Manner, that
a Quantity of that Fluid equal in Bulk with the
immerfed Part of the Body, will be as heavy as
the whole Body.

Let the Body B be putinto a Veffel A filled
with Water ; it will throw out of the Veffel A into
the Veflel CC in which it is placed, juft fo much
Water as will be equal in Bulk to the Part im-
merfed, and the Water {fo thrown out of the
Veflel A, will be exaétly equal in Weight to the
whole Body.

Hence the lighter a Fluid is, the deeper a
Body will fink in it, upon which depends

The Ufe of the Hydrometer or Water-poife.

The Hydrometer is an hollow Glafs or Ivory
Ball with a fmall hollow Stem of about 5 oré
Inches long, oppofite to which on the other Side
of the Ball adheres a {maller Ball which is partly
filled with Mercury, in Order to keep the Stem
perpendicular to the Fluid in which the Balls and
Part of the Stem are immerfed,
~ Fig. 42. The Ufe of this Muchine is to dif-
cover the Specific Gravities of Fluids, and this
is done by firft fetting it to float in one Fluid,
and obferving the Degree cut by the Fluid on
the graduated Stem which is Marked and Number-
ed s and then by putting it in any other Fluid and
obferving the Number on the Stem cut by the
Fluid, and this Jaft Number will be to the for-

mer

- = e =k -
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mer, as the Specific Gravity of the firft is to
that of the laft Fluid : Thus,
¢ The Hydrometer being put into Water finks
to the Number 8%, and being put into Spirit of
Vﬁr}_@&' finks to 100 : Whence the Specific Gravity
of Watar is to that of Spirit of Wine, as 100 is
{:
 Hidrometers made of Ivory are better than
‘thofe “of Glafs, for if the Stem be Glafs the
4 Fluid will rife about it from its arttrattive Force,
and give a greater Number than it thould.

The . Flux Ff Water from Rtfﬂl‘?ﬁirs through
Orifices and Pipes,

g o,

IﬁWater flows through an Orifice in the Bot-
tom’ of a Veflel which is kept conftantly full,
or to the fame Height; the Velocity with which
it flows out, is as the Square Root of its Height
above the Orifice.

Fig, 43. Let there be two Veflels alike in all
Things, except that one is four Times as tall as
the other, or let the Height of A be 20, and
that of B 5, each having a Circular Orifice of & Part
of an Inch in the Bottom. If thefe Veflels be -
filled with Water and fetrunning, the Warter bes |
ing conftantly fupplied above as faft as it runs
out below ; the taller Veflel will difcharge 21 Ouns
e¢s in a Quarter of a Minuer, and the lacter 11
Ounces: Therefore the Velocity with which the -
Water flows out of the taller Veflcl, is to the
VYelocity wherewith it flows ouc of the thorter,
as 21 is to 11,that is as 2 to 1 bearly; which |

Numbers
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Numbers are the Square Roots of 4 and i, which
exprefs the Proportion of the Htlghts of the
Water . above the QOrifices. ;

Hence if an Orifice 1n the Side of a VEH‘-:&{
placed as much above an horizontal Plane, '
Surface of the Water is above it ; the W.n:cr mll ¢
Spout to twice the Diftance, that the Orl e
above the Plane,

Fig. 44. Let two Veffels A and B be full and
let A be fet upon a Plane equal to its Heiglr, and®”
the Orifice made in its Side next the Bottom 3 and
let che Orifice in B be 1n the Middle of the Side :
Then the firft will be found to Spout to therLength
of the Veffel and Stand, and the thvfr to the
Length of the Vefiel

The Diftance to which Water fpouts from an
Orifice in any Part of the Side of a Veflel, will
be ¢wice the Sine made from’ the Orifice, to a Cir-
cle defcribed from the Top of the Water to the
Bottom of the Veflel. Thus, Fy 45 :

Let a Veflel filled to 16 Inches, and fupplied to
that Height be perforated in -the Middle at A,
and towards either End at B and C, five Inches
above and below the Middle.. From the Top of
the Water to the Bottem, let the Semi-Circle be
defcribed, and from, the Orifices C,A,B, let the
Pfrptndiqulars, or Sines BF, Ak, CD be drawn :
Then the Water will Speut from the feveral Ori-
fices,. to twice the Diftance of théfe Sines, that
from A will be found to Spout more than 15
Inches, and the Spouts from B or C will be
11 Inches.

L | The
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 The Velocity wherewith Water flows out of a

' Cylindrical Pipe inferted horizontally in the Side

of a Veffel, is as the Square Root of the Height
of the Water, above the Place of the Pipe’s In-
fertion dire&ly, and the Square Root of the

~ Lehgth of the Pipe inverfely. For the Place of

the Orifice may be looked on as if it were in the
Bottom of the Veflel, fince no Water under 1t can
flow out ; and the fame Velocity wherewith the
‘Water flows out of the Cylindrical Pipe, with the
very fame Velocity it flows in it, at the other End,
that is, it will be as the Square Root of the
Height of the Water above the Orifice : But the
Water in the Pipe becomes a Clog, and impedes
the Velocity ruthing in at the Pipe, and the longer
this Pipeis, the greater the Impediment will grow,
and of Courfe the lefs will be the Velocity of the
Water 1n the Pipe; and this is found to be Inverfe.
ly as the Square Root of the Pipe’s Length:
For if a Pipe that is 16 Feet long, and half an
Inch 'Diameter, be inferted horizontally in the
Side of a Veflel, and the Water in the Veflel be
kept conftantly 3 Feet above the Orifice, this Pipe
will Difcharge 1613 Ounces in half a Minute :
Let the Pipe be then fhortened, fo as to be only 4
Feet in Length, and fet a running, it will then
Difcharge 321 Ounces in half a Minute, which is
near twice as much as it did before; fo that
the Quantities difcharged will be to one ano-
ther Inverfely, as the Square Roots of the
Pipe, which in this Cafe is as 4 to 2, or as
2 to 1,

Having
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Having thus far given fome of  the generai
Properties of Fluids, it will not here be amifs,
if we inquire into the Nature and Ufe

Of Water.

1. Water affords Drink to all Animals, for- it
is impoffible to prepare any Drink, that is necef-
fary for Life and Health, of which the greateft
Parc is not Water,

2. It diffolves Meat in our Mouths, and ocea-
fions all Taftes to be perceived by Animals..

3. It is the Vehicle of all Animal Nutriment,
to the refpective Parts of the whole Body.

4. Itis the Caufe of Life, fince by diluting the
Blﬂod, it aﬂ'ﬂrds it an f‘.ﬂ.fji’ and free Pﬂ,ﬁ'age :hr_uugh
the Veflels.

5. It is the Caufe of Vegitation, and of the
Growth of Vegitables,

6. If Water were not by fome Means conduéted
into the Bowels of the Earth, Foffils could not
grow, For it produces a petrifying Juice when
mixed with the Earth, which applying to other
Earths is converted into Stones and Flints,

7. It is the Vehicle of Fifhes.

8. Itisthe Vehicle of Ships, by which Merchan-
dize is extended to the moft remote Nations.

9. It forms Rain, which by its Defcent purifies
the Air, and Wafthes away all Kind of Filthinefs
and Impurity.

10. It is the fole Caufe of Springs and Rivers ;
it is of Ufe in moving Mills, and for innumer-
able other Ufes.

Water
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Wateris Fluid, Liquid, Humid, Infipid, with-
out Smell, Limpid, Lucid, without Colour, Vo-
latile by a fmall Heat, it will not burn in Fire,
but on the contrary extinguifhes it; and therefore
it 1s eafily diftinguifhed from all other Fluids,

The Species of Waters are reduced to Six.
‘1, That which falls in Rain, Hail, or Snow.

2. Spring-Water. 3. River-Water. 4. Well-

Water. 5. Lake-Water. 6. Sea-Water., And
of thefe feverally.

Rain, Hail, and Snow, were originally Water
which was exhaled from the Surface of the’ Earth,
in the form of Vapnur, and compufed Clouds,
from whence it fell upon the Earth ; which fhall be
hcreaﬂ;pr more fully explained.

Thefe airy Exhalations or Vapours being receiv-
ed by the Earth, penetrate therein according to
its various Clrcumftantes Sﬁme of thefe Waters
fink to the deepeft Places, and if they can burft
forth they conttitute Sprlnﬂs, which throw out
Waters higher or lower, according to the different
Almudcs of the Sources which collect them.

Rains and Sp ings flowing along the Earth’s
Surface to low and hollow Placas, cunftltutc

Rivers.
If we dig into the Earth to any confiderable

Depth, we find a Bed of Sand, that affords plen-

tiful Veins of Water, which ouze through the
Interftices of the Sand into the Bottom of the
Hole or Well, and by this Means we are fupplied
with what is called Well-Water.

Lake-Water is compofed of Ram Sprmgs, and

'fomenmes with Rwers :
And

.1':-_.1.'1'
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And Sea-Water is Salc and Bitter, and confti-
tutes the Ocean. ik

Natural Water is feldom pure, being corrupted
by the fubrile Particles of the Earth. For Rain
in its Paflage through the Earth wathes it, and
earries with it the Seeds of the moft tender Plants,
Animalcula which fwim in Air, Volatile aeriel
Salts, fubtile Earths, and many other Things
which float in the Air. And according as Water
runs through different FEarths, Salts, Vitriols,
Metals, Sulphers, Soaps, &c. they are known by
different Names, as Sulpherous, Chalybeate, Alu-
minous. In Spaw-Waters are found Chalk, Ocre,
Brafs, Sulphur, Vitriol, Nitre, Lead, Cerus. Ip
the Bath-Waters of Emngland, were found in the
Quantity of one Barrel, 5 Ounces and 3 Drachms
of Stone, 2 Ounces and a Drachm and a half of
blue fulpherous Earth, and 3 Ounces of Salt,
as well Sea-Salt as of Nitre. In the Pyrmon:-
Waters there is much bitter Salt, Iron, and gravel-
ly Earth.

Hence according to its various Ingredients it
produces different Effeéts. There are Waters near
St. Baldemar, in the Province of Lioanois in France,

and near Valentiola in the Kingdom of Zeledo in
Spain, which abound with an intoxicating Spirit,

as ftrong as Wine. Others are of a poilonous
Quality, as a Fountain called Styx, near Nonacris
In Arcadia, which deceives and kills Strangers, as
no Sufpicion can arife either from its Appearance
or Smell, There are many Kinds of noxious
‘Waters, which caufe {crophilous Diforders, and
others which loofen Men’s Teeth. But the In-..
£ gredients
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gredients through which fuch Waters pafs, are
the Caufe of thefe bad Effets, and not the Water
only.

Well-Water that flows through fmall Flints, or
a Bed of fine Sand is very pure; but otherwife it
i1s infefted with the fame Terreftrial Parts as
Spring-Water. Lake and River-Waters are im-
pure, as they contain Mud, Filth, Plants, Fifhes,
and whatever elfe the Wind, the Air, Men, or
Animals caft into them. Sea-Water contains not
only Salt, but Bitumens, and all Kinds of Filthi-
nefs, becaufe Rivers difcharge themfelves into it,
Sea-water therefore is not only fait but has a
particular Bitternefs which arifcs from the Bitu-
men that flows out of Submarine-fprings, as alfo
frem the Oils of Plants, Animals, and the nitrous
Salts. The Salt that is in Sea-water at the Depth
of fix Inches from the Surface, is of a different
Temper than that which is taken at greater Depths.
For if the firft Salt be laid upon blue Paper,
it makes it red like Nitre, which does not happen
from the deeper Salt.
~ Some learned Men have thuught, that the bit-
ter Sea-falt is volatile, and is by that Means dif-
perfed through the Atmofphere, and that it is the
Mother of natural Vitriol, Alum," Nitre, Ammo-
niac. This Bitumen feems to be the Caufe why
Sea-water fhines in the dark, when dafhed againft
hard Bodies.

Sea-water is purified by pafling through very
fine Sand gathered in deep Veffels and heaped
upon one another, for thereby it loofes its bitter-

nefs and unfavory Tafte, and becomes mere Water.
And
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And hence it is that Wells dug upon a' fandy
Sea-fhore afford fweet Water,

This may be alfo performed by certain porous
Stones, yet thereby the Sea-water will not be
quite freed of its bitternefs.

Dr. Lifter informs us that Sea-water may be
purified by Means of the Alga or Sea-weed, that
fuddenly perfpires the Water,

Deflandes made Funnels of Virgin’s-wax, which
being filled with Sea-water, it became fweet. And
Luetman let Sea-water pafs through foaking Pa-
per, which he afterwards {uffered to Putrify, and
whatever Salts are in it, become volitile and fly
off, and the terreftrial Parts remain behind :
Again he paffes the Water he received through
the foaking Paper, through other Paper of the
like Kind, and this he affirms is purer than
diftilled Water, becaufe the Salts and Earths are
-now taken away. This Method is recommended
by Jobn Gadeften AN. 1516, as Dr. Hales relates.

Sea-water is beft purged from its Impurities
when it is refolved into Vapours, either by the
Sun, or by culinary Heat. Therefore Rain thus
becomes pure, though it be formed of Water out
-of the Ocean, of Lakes, of Rivers, and of many
‘different Exhalations from feveral Bodies on the
Earth’s Surface. For pure Water is eafily rxifed
into Vapows by a flender Heat of the Sun,
whereas the Salts and other groffer Parts are raifed
with much more difficulty. The Egyptians being
fenfible of this, drew their Water by Night out
of the Nile, before the Sun had exhaled the more
fubtile Parts. If Sailors by Night draw Fleeces

of
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of Wool over the Deck and Sides of a Ship
when they are in the midft of the Occan, they
in the Morning may fqueeze frelh Waicr thercout
fit to drink : But the pureft Water of. all is made
by repeated Diftillation, which leaves the unwholes
fome Dregs remaining in the Veflel 3 and it will
be more perfeérand pure if the Diftillation be made
from Rain Water, or from Snow gathered in a
clean and deep Place, and but little defiled by
the Air: Yet notwithftanding all that has been
faid, any of thofe Waters however well purged,
will have both a Tafte and Smell, which is not
as grateful as common freth Water.

- Mankind have taken uncommon Pains to render
Salt-water frefh for the Ufe of diftrefled Mariners 3
and for this End have fuffered it to putrify. Now
when it is in a Srate of Putrefagtion, if it be
diftilled to half, it will ftink moft cffenfively,
but the next Day the Refidue. or what remains
1s {weet and clear, as all the Dirt and Filth is
lefc behind.  If the Sea-water be completely Putri-
fied, the Water of itfelf becomes fweetand limpid

and then Part of it may be diftilled, but notall,

becaufe the Spirit of the Sea-falt remains at the
Bottom, which would afcend were the whole
diftilled; and that diftilled Water will ftill have
.an urinous Smell, though- it be freth and precty
pure, and will be of a brown Colour, and have

a Sediment like fome Well-waters; but this -

Smell goes off in Time, and it ferves very well
for boiling Peafe, making Burgee, Broth, and
for many other Ufes on board of Ships.

The

=4
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The Putrefaétion of Sea-Water is increafed by
adding lling-Glafs to it. The greater the Putre-
faction be, the more wholefome the Diftillation,
produced from it will be, which have occafioned
fome to add the Lixivium of the Salt -of
Tartar, and then to have it Diftilled again;
others have added Salt of Tartar, Lime, Bones,
and calcined Shells of Oyflteis, and then have
Diftilled it again, chough with lefs Succefs than the
former,

Some by impregnating 4 glutinous Mixture,
as Whites of Eggs, Milk, Ifing-Glafs, and other
like Things, have made Water purer by the
Gluten imbibing the Impurities ; but even by
this Method, Sea-Water will ftill have a difagree-
able Tafte, which common Frefth-Water has
not. .

Others have mixed Crude:Tartar in Salt-Water
in order to abforb the Sea-Salt; again Oil of
Tartar has been poured into Sea-Water to pre-
cipitate the Sea-Salts with it, and then they diftill
the Water and ftrain it. Glember imagined  that
Lapis Specularis would an{wer this Purpofe when re-
duced to Powder. And others have added acid Spirits
yet with the help of all thefe Things, they could
never frefhen Sea-water fo as to make it fit for
Man’s Ufe, for fome Salt and fome Bitternefs
ftill remained, Dr. [ales has gone far beyond
others in Trials of this Kind.

The pureft Water is thus® known. 1. If it be
clear and tranfparent without any Colour, Taite
or Smell. 2. If when a Solution of Silver in
Spirit of Nitre is put to it, the Water continues

M limpid
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limpid as before, otherwife it will be turbid
and bluith. 3. If it will not look like Milk
though Oil of Tartar be pounded in it. 4. if
it does not become thick by the_Infufion of a
Solution of Sugar of Lead. Laltly if Pemetian
Soap be equally diffolved by the Water without
leaving any Fragments behind. | _

Mr. Rickard Cumningbam Chemift, exhibited
two Proceffes in the Elaboratory of the College
of Dubiin, on the 6th Day of Auguft 1754 for
rendering Sea-water frefh and potable, fo as tobe
ufeful at Sea. The Salt-water was taken up in
Dublin Bay between Dunlary and the Head of Howtb,
The firft Procefs was according to Mr. Appleton’s
Method which was lately difcovered, and the
other according to Mr. Cunningham’s own Inven-
tion; and after trying fcveral Experiments on
the Purity and Frethnefs of the faid Waters it
was found, that the Water purified by Mr. Cun-
ningbam’s Method was preferable to that done
by Mr. sppleton’s.  For Dr. Rautty tells us that
Mr. Cunningham’s Water continued exquifitely
clear, without forming the Jeaft Cloud or Opacicy
with the Solution of Silver, or with the Solution
of Sugar of Lead, and that Mr. Appleton’s did
not. '

Mr. Cunningbam informed Dr. Edward Barry,
Dr. Ferral, Mry Croker Chemift to the Cellege,
William Masple, and Fobrn Putland Efqrs; before
whom he performed feveral Proceffes, that the
Ingredients he ufed, are cheaper and lefs trouble-
fome than thofe made Ufe of by Mr, Appleton.

Rain
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Rain, Well, or River Water being filled in
Cafks to carry to Sea, will be changed in the
Colour, Tafte and Smell, {o that it becomes
naufeous and ftinking, and not eafily drinkable
for Seamen, This Change is made by little
Infe&ts which floating in the Water foon become
a Mulritude ; if this ftinking Water boils upon a
Fire, the Animalcdla die immediately, and with
the other Filth fubfide or fink to the Bottom.

Many have endeavoured to preferve Water from
Infe@ts and Putrefattion by mixing with the Wa-
ter fuch Bodies as kill the Infeéts ; yet this Mix-
ture, though it anfwers that End, is deftructive
and injurous to the Health of Man. The dili-
gent Dr, Hales found by repeated Experience,
that an Qunce of Qil of Sulpher, or Eight Scru-
ples of the Oil of Vitriol, are fufficient for every
Butt of Water. . If Butts are fmoked with the
Fumes of burning Brimftone, before they are
filled with Water, it will be a great Means of
preventing the Increafe of the Animalcula, or of
preventing the Water of being fo horribly nau-
. {eous as it otherwife would be.

Pure-water being clofed up in a Veflel of
Gold, Silver, Lead, or Pewter, wh’ether infeted
by Air or purged from it at a cold Seafon, being
prefled by a Screw or ftruck with a Hammer
cannot be condenfed into a lefs Space than is the
Capacity of the Veflel which contains it, as many
Philofophers have proved by Experiments,, The
Water will tranfude or glide through “the Pores
of the Metal which compofe the Veflel, and on
" its Surface will lie like Dew all around ; fo that
; M 2 by
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by as much as the Cavity becomes greater by
the external Preflire or Force, by fo much exaély
will the Water perfpire through the Metalic Pores 3
as may be feen by ftricking a Hammer againtt a
Globe or Ball filled with Water, for at everg
Stroke the Water will cuze out.

The Particles of Water are hence very hard
as was faid before; and therefore they do not
eafily change their Figure, nor do they fill their
own Pores or Interftices between them. |

Hence alfo, a flac Board may be as eafily broke
by ftriking the flar Side againft Water, ‘as if it
had ftruck againft a hard Body. And Leaden
Balls fired from a Gun obliquely againft Water
become as flat, as if they had ftruck againft Stones ;
nay they fometimes break to Pieces. Therefore
if a Glafs Veffel be completely filled with Water,
and its Mouth be clofély thut with a Cork;
if the Cork which we here fuppofe to touch the
Water be forced in farther, the Veflel will
break. |

Hence we may learn, that it is convenient
that Bungs of Cafks or Corks of Veflels fhould
not touch the Fluids they cnntam For if they
do, it 15 od s‘éhat the Veflels be not broken if tranf-
ported to'§ greater Degree of Heat; provided
the Bung]{ or Corks ftarid; and if the Veflels

be not bro %&the Bunﬂrs or Corks will ﬂy out.

CRAL
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Of Pneumatics or the Properties of Air.

I R isavery thin elaftic Fluid which fur.

rounds the Globe of the Earth. It is a difficult
Matter to afcertain the Nature and Origin of Air,
as it is an imperceptable ¥luid to all our Senfes,
except that of Feeling. From the Impreffion
and Refiftance it makes, we know there is fuch a
Body, which every where furrounds us, and is of
the utmoft Importance to Mankind,
 Mr. Boyle gives us the beft Account we have
of its Origin. He fuppofes it to confift of three
different Kinds of Corpufcules, viz® 1. Of Num-
b'erltfs'minute Particles, which in the Form of
Vapours or Exhalations afcend from the Earth,
Watf:r, Vegitables, Animals, &c. in fhort of al-
mni’c all Subftances on the Earth’s Surface or very
near it. 2. Of fill a more fubtile Matter, con-
fitting of infinitely fmall Atoms, uccai"{med by
the Magnetical Effluvia of the Earth, and mhnr
moft minute Particles, fent with the Light which
iffues f;urn the Celeftial Luminaries, occafiening
thereby the Idea of Light in us. 3. Of an elaftic
Subftance which is the Bafis of the other Parts,
and conftitutes the Effence of Air, concerning the
Struéture of which various I-Iypﬂthﬁfes have been

framed
$ﬂmc
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Some have compared the elaftic Particles to
the Springs of Watches coild up, and endeavour-
ing to reftore or expand themfelves; others to
comprefled Wool which expands it felf when the
Preflure is taken off; and others, to {lencer Wires
of different fpringy Confiftances, and Subftances,
which will admit of Compreffion and Expanfion,
yet in the whole all amount to one and the fame
Thing.

Betore we proceed to explain the Properties
of the Air, it will be neceflary to defcribe the
Air-pump.

The Air pump is a Machine by which the Air
contained in a proper Veflel, may be exhaufted
or drawn out.

Otto de Guerick a Burgo-mafter of Magdeburg
was the firft Inventor of this curious Inftrument ;
which was afterwards very greatly improved by
Mr. Boyle, Mr. Papin, and Mr. Hawk/bee.

The common Air-pump is reprefented in the
Figure fronting the Title Page, where AA, are the two
Brafs Barrels, in which the Piftons CC move up and
down. The Brafs Tube or Pipe marked HH is call-
ed the Swans-neck, through which the Air pafies
under the Receiver OO, by a {mall Hole K, 1n
the Middle of the Brafs-plate I1 on the Top of
the Pump, to a Brafs-piece in the Box DD;
which being perforated lengthways to the Middle
Point under the Barrel, tran{fmits the Air toa
Bladder-valve to be pumped out. The Mer-
curial Gauge which communicates with the Re-
ceiver or Glafs Veflel on the Top is marked
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'LLL. The Stop-cock N, ferves to readmit the
Air when there is Occafion., B is the Handle
or Winch for working the Pump. GG, are two
Pillars fupporting the Frame of the Pump-wheel,
which is {crewed upon them by the two Nuts
EE. As to the Ufes of the other Parts, they
will eafily be comprehended by infpecting the
Figure.

The Opperation of this Machine depends on
the Elafticity or fpringing Force of the Air:
For by working the Pump, the Air in the Re-
ceiver will expand 1t felr; by which Means Part
of it will be forced into the Barrel of the Pump,
to be carried off. By thus continuing to work the
Pump, -the Air in the Receiver will be graduaﬂy
exhaufled, but can never be whoﬂy drawn out
fo as to leave a perfect Vacuum under the Veflel,

We now proceed to explain the Properties of
Air, and -

. 1. That Airis beavy.

This will evidently appear to be true from the
following Experiments, 2

Let a Glafs Bottle, to which there i1s a Brals«
neck with a Cock therein that opens and fhuts,
be fcrewed into the Plate of an Air-pumpand the
Cock left open, have the Air exhaufted from
it by Pumping, and the Cock then clofed to pre-
vent any Air from rufhing into the Bottle; if
then the Bottle be unfcrewed from the Pump,
and appended ac one End of a Ballance, with

~a Weight juft {ufficient to fuftain it at the other
| End
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End, has its Cock then opened, the Air will
ruth into the Bottle; and the Bottle will defcend.
If it be one that contains about 40 Cubic Inches;
it will require ro Grains to réftore an Equilibrium ;
fo that 40 Cubic Inches of Air, are equal in
Weight to 10 Grains; and thus the Weight of
a Cubic Foot of Air has been found; and dif-
covered to be 850 Times lefs than a Cubic Foot
of Water.

Let a Brafs ot Copper Rim be covered over
one End with a Wer Bladder well ftreched and

clofely bound round the Rim by a Thread or
String, have the open End of the Rim laid on the
Pump; upon exhaufting the Air from within Side
of the Rim, the Bladder will be found to be prefi-
ed downwards by the incumbent Weight of the
Atmofphere more and more as the Pump is kept
working, till at length the Bladder is broken,
and a loud Report is produced by the Air’s rufh-

ing in to fill the Va{:uity.
Let a thin fquare Glafs Vial being clofe corked

up, having a very {mall Orifice made quite through
the Cork, be placed on an Air-pump under a
Receiver: Upon exhaufting the Air from under
the Receiver, the Air will alfo be exhaufted from
the Vial through the Orifice: If the ftop Cock |
be then opened and the Air readmitted, it will
rufh with fuch Violence on the Vial, as to break
it to Pieces; becaufe a fufficient Quantity of Air
cannot rufh through the Orifice made in the
Cork of the Vial, in a3 Moment, to enablmt to

withftand the outward Preflure. ;
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Let a Glafs Veffel, pare filled with Mercury or
any cther Fluid, be placed on the Pump under
a Receiver 3 and let a Tube clofed at one End
and open at the other be inferted through an
Orifice in a Collar on the Top ol the Receiver
with wet Leather about it, fo as that the open
End may not reach the Mercury in the Glafs
Veffel: The Receiver being then exhaufted of
Air, the Tube will be alfo exhaufted; Let the
Tube be then puthed down gently into the [der-
cury in the Glafs Veflel, and the Air readmit-
ted into the Receiver, it will then be found to
prefs fo heavily on the Mercury 1n the Glafs
Veflel as to drive it up the exhaufted Tube, untill
the Weight of the elevated Mercury prefles as
forceably againft that Part which is immediately
under the Tube, as the Weight of the Air
does on every other equal Part which is without
the Tube.

Fig. 46, By the Weight and Preflure cof the
Air, Water is raifed in Pumps, and Fire Engines,
thus. Let AB reprefent a Pump, or Tube open
at both Ends, C a fixed Plug with a Hole through
its Middle, covered with a Leacther Zalve like
a Trap Door, that will eafily open to let the
Water pafs upwards, and fhut to prevent the
Water pafling downwards: D a moveable Plug,
Pifton, or Sucker made in all Refpeé&s as the for-
mer, but joined to the Red E, and that Rod
to the Handle that works it. The Sides of the
Pifton are cafed with Leather to fit the Cavity
of the Pump fo tight that neither Air or Water
can pafs’ between. At fome Diftance above the

N Pifton
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Pifton is an Orifice at O in the Side of the
Pump through which the Water is difcharged
in the following Manner., The Pifton D being
drawn up, driving the Air before it, thereby caufes
a Vacuum between C and D ; and the Air prefling
on the Water in the Well, drives it through the
Plug C whofe Valve opens to let it through,
to fill up the Vacuity ; then upon deprefling the
Pifton D, the Valve of C fhuts and prevents the
Water to return downwards, and immediately it
rifes through the Pifton D whofe Valve opens,
and lodges itfelf thereon ; and then by a Stroke
of the Handle, the Pifton D, is raifed and the
Water lying on it is difcharged through the Ori-
fice O,

The Fire Engine, or little Dutch Pump, which
is often ufed to Water Streets or Gardens, is thus
conftruéted.

Fig. 47. Let a Plug be fixed at C with a Valve,
as in the foregoing Pump, to fuffer Water to
pafs through it upwards, but not to return. D
is a folid Pifton without either Bore or Valve
which 1s fixed to a Rod, and that to a Handle
T by which it is worked. A little above the
Plug C there 1s an Orifice O in the Side, wherein
a Tube OE is inferted, in which Tube there is
a fixed Plug V with a Valve that opens outwardly
and fuffers no Water to return. Now when the
Pifton D is raifed it is plain that it caufes a Vacu-
ity between D and C, and the Air prefling
on the Water in which the Machine ftands,
drives the Water through C cn the Valve
~of which it lodges; the folid Pifton D then being
thruft
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thruft down will drive the Water through the

Orifice O, and up through the Tube or Pipe OE ;
but on drawing up the Pifton, the Valve at V

~in the Tube OF immediately fhuts by the Defcent

of the Water from E to V, and prevents it com-
ing backwards on the Valve in the Plug C:  And
thus by the help of Leathern Pipes, Water may
be conveyed to the . Tops of the higheft Houfes,

That the Atmofphere is heavier at one Time
than at another, we are confirmed of by the Be-
rometer or Weather Glafs, invented by Torricellius,
and is thence known amongft Narturalifts by the
Name of the Torricellian-tube. It is made by filling
a Glafs Tube of about three Feet long with Met-
cury, which Tube is hermetically clofed or fealed
at one End, and by putting your Finger to the
other End invert it in a Veflel as A or B, (Fig. 48)
which is partly filled with Mercury without let-
ting in any Air: Upon taking the Finger away,
the Mercury in the Tube will remain fufpended
between 28 and 31 Inches above the Surface there-
of in the Veflel.

This Mercury is kept up the Tube by the
Weight or Preflure of the Atmofphere on the
Mercury in the Veflel; for if the "Tube and
Veffel be put under a Receiver on an Air-pump,
and if the Air be exhaufted from the Receiver,
the Mercury in the Tube will all fall down into
the Veffel ; and if the Air be again reftored, the
Mercury in the Veflel will be drove up the Tube
to its former Height.

The Mercury in the Tube is never found to

rife higher than 31 Inches, even when the At-
N 2 mofphere
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mofphere is moft eondenfed or moft weightyy
nor does it ever fall lower than 28 Inches though
the Atmofphere were moft rarified, or in its
lighteft State: And hence it is that Barometers
are graduated on either Side from 28 to 31 Inches,
as the Barometers B and C are; and oppofite to
thefe Divifions you have Words which exprefs
the State of the Atmofphere, or what: Kind of
Weather will foon enfue. - When the Air is moft
rarified, or when it is in its ligheft State, it is then
unable to fuftain the Clouds and therefore great
Rains fall ; and yet we are apt to fay thac fuch
Weather 1s very heavy: And on the contrary
when the Air is mofl condenfed, and theretore moft
weighty, -itis moft able to fuftain the Clouds,
and the Weather is then fineft, and we are apt to
fay it is light Weather: For the Air when
it 1s moft rarified, is very thin, and a great Part
of it glides through the Lungs, and therefore the
Refpiration’ is weak, which greatly difturbs and
weakens ‘the human Frame and renders our Spirits
low and heavy, as well as thofe of other Animals 5
and again, when the Air is moft denfe it will not
be able to ouze' out of, or glide through the
Lungs, and therefore it is then fitteft and beft for
Refpiration, which adds Life and Spifits to the
Body, and thereby ﬂccaﬁuns us to fay it is fine
light Weather.

Fig. 48. The Barometer AD is a Diagonal one,
whefe Height from A to D is 28 I_m:hes, let
DE be 3 Inches, and thereby AE 315 if to E
be drawn a perpendicular EF, and if from any
Point therein as I, there be drawn the Diagonal

L
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FD: If a Tube be turned in that Direction iy
will more apparently fhew the rife or fall of the
Mercury, than either of the Barometers B or C
can, and fuch are graduated from D to F.

The Barometer C is turned at one End, and
a little above the Turn is a Ciftern or Bafon to
receive the defcending Mercury: In the Top of
_this Ciftern there isan Orifice to let in the Air,
in order that it may prefs upon the Mercury in
the Ciftern ; and thereby as its Gravity increafes
or decreafes that the Mercury may the mere rea-
dily rife and fall ; and thefe Kind of Barometers
are moft frequent. | _

Befides thefe Barometers here mentioned, there
are the Wheel and Conical Barometers: But as
they are all aCtuated by the foregoing Principles,
it is needlefs to be particular about them.

In any Barometer, the Mercury in the Tube
will have a convex Surface if it be rifing, but
if it be falling the Surface will be concave.

If the like Experiment were tried with a long
Tube ‘and Water, the Water would never be
found to rife higher than 36 Feet 2 Inches, eor
to fall lower than 32 Feet 8 Inches ; for Water,
by the foregoing Table of the Specific Gravities
of Bodies, is found to be 14 Times heavier than
Mercury: That is to fay, if the Surfice of the
Earth were covered 28 Inches deep with Mercury,
or with 32 Feet 8 Inches depth of Water; they
would prefs equally on it, and each Preflure
would be equal to the Preflure of the Atmof-
phere when in ies lighteft State.

: Hence
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Hence it is that the Surface of Water in a Well
muft be lefs than 33 Feet from the End of a
Pump’s Pifton; and yet Water may be raifed by
a Pump to any Height, provided the Rod of
the Pifton be made long enough.

The furprifing Force with which the Atmof-
phere prefles in all Diretions may be further
-evinced, thus ;

Let two Brafs hollow Hemifpheres each of 3In-
ches Diameter, the one with a Ring on its Vertex,
and the other with a Screw and Cock on its Vertex,
be laid one upon the other with wet Leather between
the Edges, the Screw Hemifphere being firft
inferted in the Plate of an Air-pump and its Cock
opened ; exhauft the Air that is between the He-
mifpheres through the fcrewed Neck and clofe
the Cock : Then if the whole be unfcrewed from
the Plate, the two Hemifpheres will be found
to be fo clofely prefled together by the Atmof-
phere as to require 155 Pounds to pull them afun-
der when the Air isin its lighteft State, and at
other Times, 169, 180 or 200 Pounds will fcarce-
Iy be fufficient to feperate them : For thefe Weights
will be in Proportion of the Preffure of the At-
mofphere at different Times, and when it is in
different States.

Hence it i1s that Air 18 found to prefs above
161 Pounds upon every Square Inch, or with a
Weight of 31144 Pounds upon a midling Man,
whofe Surface is about 15 Square Feet; which
would infallibly cruth him to Pieces if the Air
within him did not counterballance the external

Prefiure.
If
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If a Perfon lays his Hand over a {mall open
Receiver, and thence exhaufts the Air, he will
find fo great a Weight or Preffure on the Back
of his Hand as not only to give him Pain, but
to endanger the breaking of his Hand ; which
is immediately eafed by reftoring the Air.

If the Brafs Hemifpheres which before were
exhaufted, and which required a great Weighe
to feperate them, be put under a Receiver on an
Air Pump, upon exhaufting the Air out of the
Receiver, the Hemifpheres will feperate and fall
afunder from each other, which manifeftly fthews
that their ftrong Cohefion is owing to- nothing
elfe but to the Preflure of the Atmofphere upon
them.

Fig. 49. The Siphen or Crane is a bended T'ube
ABC, which being filled with Water, and putting
the fhorteft Leg A into the Water, the Veffel
will be emptied by pafling through the Siphon,
-and will be difcharged at the other End C, pro-
vided that End be any Thing lower than the Sur-
face of Water in the Veffel : For the Atmofphere
prefles upon both Ends of the Tube and fo keeps
‘it full, but the Water in each Leg prefles down-
wards in Proportion to their perpendicular Heights
AB,AC ; now feeing BC is greater than AB, the
Water will yield to the greateft Preflure and there-
fore will be dicharged at C, fo long as C is lower
than the Water in the Veflel.

This is the true Caufe of the Siphon’s running,
becaufe if a little Hole be made about the Top of
‘ the T'ube while the Water is running ; or if the Si-
- phon be put under a Receiver and thence the Air be
exhaufted
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exhaufted, the Fluid in the Siphon will divide at
the Top and fall down through each Leg. |
Hence Water may be made to run through
Pipes over any Hill, Houfe, or Wall that is not
above 33 Feet high; provided the Place you
would bring it to, be lower than the Spring Heads
or the Surface of the Water you would. bring it
from: Becaufe 33 Feet of Water isequal tothe
Preflure of the Atmofphere when the Air is in

its lighteft State, as we have already but juft -

thewn.

Other Fluids will rife in a Siphon to a greatef
or to a lefs Height, according to their Specific
Gravities.

Fig. 0. If a Siphon a,b,c, be placed within
a Veflel having one Leg pafling through its Bot=
tom: If Water be poured into this Veffel, it
will not begin to run out of the Siphon till the

Surface of the Water be above the Top of the

Siphon: But then the Water will run down the
Leg ac, which being once filled will continue to
difcharge the Water at ¢ as long as there is any
in the Veffel, which muft be fufficiently evident
from what has been already faid.

In this Manner we may account for the ebbing

and flowing of Springs: For if Water be imagined

|

to run gradually into the foregoing Veffel till the
Surface covers the Top of the Siphon, if then the

Water runs out of the Siphon fafter than the Vef-

fel is fupplied therewith, it will empty and con.

tinue to ftop tillthe Siphon be again covered.
Thefe intermitting Springs will e rendered
more obvious, if we let ABC to reprefent a Hill
wherein
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wherein there is a Cavity C; if in this Cavity
there is a Paflage or Vein running in the Direc-
tion WiD, then if the Rains which fall on the
Hiil by pafiing through the Pores of the Earth

. fill the Cavity C higher than the Top of the

Vein to E, the Water or Spring at W will con-
tinue running cill 1t has withdrawn the Water
in the Cavity fo low as D’ and then it will flop
’till the Cavity be replenithed again, and it rifes

above E and then 1t will flow again, and fo
on.

2. Of the Elafticity of Air.

By the Elaflicity or fpringing Force of the
Air, we underftand it to be that Force where-
with the Particles of Air expand themfelves
and recede from each other, as before: And this
happens when the Preflure which keeps them
together is taken off.

That Air is Elaftic will be evident from the
following Experiments.

If Air be clofely corked up in a thin Square
Vial, and the Bottle be put under a Receiver
on an Air Pump: Upon exhaufting the Receiver
the confined Air in the Vial wiil by its Elafticit
burft the Bortle to Pieces.

Tie upa litcle Air in a Bladder, and put it under
a Receiver; when the Air is exhaufted from
the Receiver, the Bladder will fwell as if it were
blown up. |

Take *a Glafs of warm Ale or any pther gluzi-
nous Fluid, and putting it ynder a Receiver, ex-

O hauf}
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hauft the Air, and the Liquor will rife in large
frothy Bubbles and run over the Glals. |

For the Liquor being glutinous contains a great
Number of Particles of Air, which upon removs
ing the outward Air expand themfelves 3 and
as they cannot difengage themfelves of the clam-
my Liquor about them, they raife it up and car-
ry it over the Glafs in the Form of Froth.

Put an empty Glafs Bottle with its open Mouth =
down into a Glafs Vefiel of Water, cover both &
with a Receiver, and thence exhauft the Air; :Ei
the Air in the Botde will be then obferved to &
fwell and bubble through the Water. 3

Inferc a fmall Glafs Tube open at eagh End
into a Bottle Part full of Water, fo that the
lower End of the Tube may be below the Sur-
face of the Water; and lec the Infertion be made
by Means of a Screw and Collar of Leathers, in 3
fuch.a Mannewthat no Air can pafs into or out
of the Neck of the Botrle: Let the Whole be
*then covered with a tall Receiver, and the Air §
being thence exhaufted; the Water will rife up
through the Tube in Form of a Jet, which will -

- be higher or lower as the Receiver is more or
lefs exhaufted : for the Air in the Bottle, by its a;i};
Endeavou

t to expand itfelf, prefles on the Sur- ©
fce. of WAL MR e o, |

The Elalticity of the Airis equal to the Pref- =

fure of the Atmgp hw i 'ﬁ\ that =2
Prefiure : I%Tt%éj% n 1?{0?{1[, 02% any »
other Veflel, will expand with a Force, that is
equal to’ chat wit!which it 15 prefled 3 Aéion
l._ i H _' - .
e
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hence the: Elafticity of a fmall Quantity of Air,
is equal to that of a great Quantity,

The Denfity of the Air is always as_the Force
that preffes it, and therefore the Air towards
the upper Part of the Armofphere, being lefs
prefled than that near the Earth, it will thereby

 become thinner; fo that the farther we go up

Mounrains we find the Air becomes the rarer,
and the Rarity is found to be {uch, that if Al-
ticudes in the Air, be taken in Arithmetical Pro-
portion the Rarities of the Air at thefe Altitudes
will be in Geometrical Proportion.  Thus,

;{ri-} frf:?lilﬁtshe ; ég'l Times thm]l:er
G g
2 (7o) }%1041%% }
Hewcn// ;Zfig%//ﬁf.ﬂrulai‘/n find, that

a Cubic Foot of commop-Air 4t the Height of

* oo Miles would be fo much rat'lﬂed or expanded

as to fill a Sphere of equal Diameter with that
of the Orbit of Saturn; and therefore the Planets
may calily move through the Heavens without
fuffering  any {enfible, Re.ﬁl‘raﬁce. Wy -

Though by this Rule for finding the Rarity of
the Air, there will fill be Air at infinite thtanccs,
yet at tFn* +leights 0*\ 4o or s Miles, 1t 15 fo
rare, that what is above that Diftance is inconfi-
derable. And therefore, the Height of the At-
molphere is Gﬁncrallj’ rt:cr{uaed to be about 45

- Mnts 8 1

1.} 3 - . 3
et Bt Smﬂq
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Since the Denfity of the Air is pmpnrnonahlc
to the Comprefling Force, and this is equal o
the Elaftic Force ; it therefore follows that in af-
much as the Denfity is increafed, the Llaiticity
will be increafed in the fame Proportion.

Upon this Principle are founded artificial Foun-
tains, which play by Means of condenfed Air:
They are of two Kinds, Single and Double.

Fig. 52. The fingle Fountain 1s made of
Brafs. and 1s every where fhut except, that
through the Middle of the Bafon BB there
pafles down a Pipe PP, whofe lower End reaches
nearly to the Bottom of the Fountain, and to the
upper End, there 1s fixed a Stop-cock, by Means
of which, the Pipe may be fhut or opened as
Occafion requires.

Some Part of the Fountain ADC being filled
with Water poured in throvgh the Pipe, a Con-
denfer or forcing Engine is fcrewed to the Top
of the Pipe above the Cock, by Means whereof
a great Quantity of Airis driven through the Pipe
and remains condenfed above the Surface of the
Water in the Fountain. When therefore the
Condenfer is taken off, and the Cock opened,
the condenfed Air above the Water, prefling
ftrongly on it, drives the Water up through the
Pipe, and thereby forms a Jet.

The Force wherewith Water is thrown up, is
as the Denfity of the included Air, above the
external Air.

Fig. 53. The double Fountain confifts of two
fingle ones, as AA, and BB, faftened to a hollow

Cylinder CC which plays upon the Pins DD as

UPDI’I

.I'| 3
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upon an Axis: Fach Fountain has a Pipe P whofe
lower Ead reaches -ncarly to the Bottom of its
Fountain. From the Bafon of the Fountain
AA there iffues another Pipe TE which opens
at E, in the Fountain BB, which Pipe neither
communicates with the Fountain AA, nor with
the hollow Cylinder CC. In like Manner there

“iffues another Pipe in the Bafon BB which paf-

{es through that Fountain and Cylinder, and opens
in the Fountain AA.

The Whole Machine is then placed in an up-
right Polture by Means of a Carriage which -
fupports it 3 and.the Pipes of the lower Fountain
being flopped, water is conveyed in it through
the “‘Pipe T, which iffues from the Bafon of the
upper Fountain; by the running of which Wa-
ter into the lower Fountain, the Air contained
therein, becomes condenfed ; if then, both the Pipes
of the upper Fountain be ftopped, and the lower
Fountain be turned upon its Pins, the Water
which .t contains will fall to 1ts Bottom and the
lower End of the Fipe P will be immerfed therein,
in the Manner reprefented 1n the upper Fountain s
fo that upon opening that Pipe, the Water will be
driven through it, by the Elafticity of the condenfed
Air, and as it falls upon the Bafon, it will be
conveyed thence through the Pipe T, into the
lower Fountain ; and when the upper is exhaufted,
and ceafes to play ; if its Pipes be ftopped, and
turned downwards as before, the other may be
fet 2 going in the fame Manner; and fo on as

long as you pleale.

3.
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3. That Heat will rarifie Adir.

Air being heated will rarific or be made to
fwell and expand itfelf ; and this Property may
be fully” evinced by tying up a fmall Quantity
of Air in a Bladder, and Iaying it before a Fires
the Air in the Bladder will be fo much rarified
by the Heat, as fometimes to caufe the Bladder
to fwell as if it were blown up tight.

Wind is a neceffary Confequence of this Pro-
perty of Air; for when the Air is heated by
the Sun, or by any culinary Fire, it will {well
and drive the adjacent Air away; and thus, by
various Degrees of Heat, in different Places,
there will arife various Winds.

Hence if Air be very much heated, it will
afcend tovrards the upper Part of the Atmofphere,
and the adjacent Air will rufh in to fupply its
Place; and therefore there will be a Wind, a
Stream or Current of Air from all Parts, towards
the Place where the Heat is; which i1s the Rea-
‘fon, why Air rufthes with great Violence, into
the Door of a Glafs-houfe, or through the Key-
hole of a Door, or through any f{mall Chink
of a Room wherein is a Fire, as well as that
Smoak is carried up a Chimney: Take it in
general, that the Air will prefs towards that
Part of the World which is moft heated. )

Upon this Account it is, that the Trade-winds
at or about the Equartor, conftantly blow from
the Eaft towards the Welt; for when the Sun
Jhines perpendicularly on any Part of the Earth,

it
h
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it will heat the Air which is over that Part greatly,
and occafion it to rarifiz and rife upwards; and
this will oecafion the adjacent Air to ruth in,
to fillup the Vacuity, which will confequently
caufe a Wind, Stream, or Current of Air from
all Parts, towards the Sun: And fince the Sun,
with refpeét to the Earth, moves from Eaft to
Weft, the common Courfe of the Air will be
alfo that Way continually prefling after the Sun ;
and therefore, at the Equator where the Sun thines
ftrongly, there will bea continual Eafterly Wind ;
but on the Norch Side 1t will incline a little to the
North, and on the South Side a little to the
South. |

This general Courfe of Trade-winds, about the
Equator, is changed in feveral Places, and upon
feveral Accounts. ‘

1. By the Accraction of the Moos, which on the
Meridian may as. reafonably be fuppofed to raife
or f{well the Air, as it does the Water in the
Tides.

2. By certain Exhalations that rife out of the
Earth, at certain Times, and from certain Places,
by Earthquakes efpecially, and by Vulcanos.

3. By the fall of greac Quantities of Rain,
Hail, or Snow which caufe 2 {udden Condenfation
or Contraftion in the Air.

4. By the fudden melting o
Mountains, which caufles the C
them fuddenly to ceafe.

5. By burning Sands that retain the folar Heat,
to a Degree incredible 1o thofg who have not feltit,

| caufing

f Snow on the

ondeniation near

»
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caufing a more than' ordinary Degree of Rare-
faction in the Air, which Is over them.

6. By the Oppofition of high Mountains that
refle€t the Wind, and alter the Line of Direc-
tion. |

7. By the Suns declining towards the North,
or South, and thereby heating and rarefying the
Air in this or that Part of the Earth All which
particular Caufes may chance ecither to confpire
with, and ftrengthen the gencral one before cited,
or may oppofe in Part or leffen its kK fforts, accord-
ing to the Diverfity of Time, Place, and Circum.
ftance that may happen in the Courfe of Things.

To thefe Particulars, or fuch Jike, are owing.

1. The great irregularity, and uncertainty of
Winds, in Places which are far from the Equator,
as in moft Parts of Europe. :

2. Thofe periodical Winds, which blow half
a Year one Way, and theother half another Way,
as 1n the Indian Sea.

3. Thofe Winds, which on the Coafts of Gui-
nea, and on the Wefltern Coafls of America blow
always from the Weft to the Eaft.

4. Sea Breezes, which in hot Countries blow
generally from Sea to Land in the Day Time;
and the Land Breeze, which blows in the Night:
And in fhort all thofe Storms, Hurricanes, Whirl-
winds, and Irregularicies which happen in diffe- |
rent T'imes and Places, muft proceed from fome
fuch Caufes as thofe before mentioned.

Parucular Defcriprions of the Motions of the
Alr in various Parts of the World might be eafily
given, but as this would be a tedious Tatk, we

fhall '

e I...-L_-'[. :
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fhall proceed to explain the Nature of
Sounds.

That Sounds depend on the tremulous Mo-
tions of the Air, will be manifet by placing 4
Bell under a Receiver, in fuch a Manner as that
it may be rung at Pleafure; upon drawing the
Air out of the Receiver, the Sound of the Bell
will be lefs and lefs audible the more the Air 1s
exhaufted, fo as at laft almoft to die away and
{carcely to be heard ; -and again upon read mitting
the Air, the Sound will revive and will
increafe the more as the Air is let in. _

When the Parts of a Bell, Drum; Muﬁc&l
String, or any other Elaftic Body, are fetin Mo-
tion by a Stroke, they vibrate, or move forward
and backward alternately through very f{mall
Spaces 3 in going forward they comprefs the Air;
and 1in returning backward the comprefifed Air ex-
pands itfelf ; fo that the Parts of the Air; which
are contiguous to the fonorous or trembling Body;
goand return in the fame Mannet, with the Parts
of the Body, and thefe again agitate thofe
Parts of the Air which are beyond them; and
fo on “tll at laft the Motion ceafes: So that
Sounds are propagated every Way, as it were
from the Center to the Superficies of a Sphere.

The Propagation of Sounds may very well be
~ compared with Circles made in the Watet, by .
throwing a Stope into it. And as thofe which
‘are made in a running Stream, extend themfelves
further towards the lower than towards the upper
Part of the River, becaufe the whole Water in

: ‘ 3 #hich
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which they are formed carries them that way:
So likewife we may conceive, that if the Wind
carries the Air towards one certain Place, the
trembling Motion in which Sound confifts, will
fooner go in this way than the contrary. Thus
we find by Experience, that the Sound of a Ca-
non, and in general all other Sounds are heard
fooner with the Wind than againft it. Andit
may happen, that Air may be moved fo quick,
thatits Parts may fly from us as faft as the Sound
goes, and fo it may not be heard atall.

Becaufe the trembling Motion of the Air, in
which Sounds confift, is communicated gradually,
fo as to affect thofe Parts which are near the
founding Body, feoner than thofe that are further
off, the Sound muft neceffarily take up fome
Time in going along, and thus we find by Ex-
perience, that if a Canon be difcharged at two
cr three Miles Diftance, that we fee the Flath
fome Time before we hear the Noife.

Hence the Velocity of Sound is found to be
1142 Feet In one fecond of Time; and
thus the Diftance of any Ship that fires a Gua
at Sea, may be known by means of a Watch
that meafures Seconds, by obferving the Time
between the Flath and the Report.

The further the founding Body is off, the lefs
will be the Noife, becaufe the tremulous Motion
ef the Air fpreads wider fucceflively, and thereby
becomes weaker ’till at length it dies away.

The Sounds of Mufical Strings, confift in the
Agitation they are put 1n, by the Bow being made
reugh with Rofin; for if the Bow be rubbed

with
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with Tallow or Oil, the Strings will have no
- Sound, becaufe they flip under, and are not
thaken by it.

The Sounds of drinking Glaffes, as made by
rubbing the Finger about the Rims, are of the
fame Nature with the Strings of a Violin; for
the Finger here fupplies the Place of a Bow.

The Sound of a Bell is occafioned by the Stroke
of the Clapper againft it, which alters its Figure
a little from a Circle to an Oval: And becaufe
it is made of a Metal {tiff, but elaftic or {pringy,
that Part which is moft diftant from the Center,
returns towards 1t fomething nearer than at firft;
fo that the Places which were the Extremities
of the longeft, will become thofe of the fhorteft
Diameter; and thus the Figure of the RBell is
changed all the Time it isringing, This will be
more manifeft to any Perfon who lays his Hand
upon a large Bcll, juft when the Clapper ftrikes,
for he will be affected with a furprizing Numnefs;
and the Hand being laid upon a {mall Bell will
either damp, or quite ftop its Sound.

The Sound raifed by ftriking a piece of Wood,
or in general any hard founding Body, confifts
in its tremulous Motion, which 1s owing to its
Elafticity or fpringing Force.

Hence all RBodies that are void of Elafticity,
have a low or imperfeét Sound.

Since Sound is propagated every Way, from.
the Center to the Surface of a Sphere, it is plain
that two Perfons who are not in the fame con-
centric Circle or Sphere cannot hear the Sound
at the fame Inftant of Time. And if the Motion

P2 of
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of Air, which might be communicated to a great
Diftance, meets fome hard Body which it can-
not fhake, it may caufe the Motion to reflet or
return backward, and this redoubled Sound is
called an FEcho,

It Sound meets feveral Bodies at different Dif-
tances, which are capable of refleting it back
again, and if that which returns from the moft
diftant Place, ftrikes upon the Ear, after the
Impreflion of the former is quite gone off, it
muft in its turn produce a new Senfation of Sound.
Hence itis evident we may meet with Echos which
will repeat the fame Word feveral Times.

The more a Mufical String is ffrained, the fhar-
per is the Sound, for its Vibrations will become
the quicker 5 and the Joofer the Strings are, the
Vibrations will be flower ; ‘and therefore the Sound
will be more flaz : 'And this is the Reafon of Flats
and Sharps in Mulfic.

When two founding Bodies ftrike the Air at the
fame Time, they imprefs fuch a Motion upon
it, as is compounded of the two Motions, if
they ated upon it feperately; and confequently
the Air puts the Organ of hearing, into fuch a
tremulous Sort cf Motion, as gives a Sen{atmn
cuf diftinguithing the two Snunds feperately.
| - If two Strings, or any other founding Bodies,
do fo exatly agree in th-:‘lr Vibrations I:Jf Pn{/&;,
as to firike the Air at one and the fame Time,
nr if they  ftrike together every fecond or third
Stroke ; or if one pf:rﬁ:rrms 5 whilft the other
Perfurms 6 Vibrations ; then the Ear will be
yﬁlfarmig i’cn_ck Bpon, | and in fuch a Mﬁaf‘ure,

;hat
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that it will perceive the Diftance, and be pleafed
with the Cadence 3 and this is the Reafon why
Muficians call thefe Pulfes Concords; as an Unifon
and Offave, a Fifth and a Third are,

On the contrary, if Vibrations fo far difagree
as not to ftrike together, or meet each other,
we muft perceive an inequality, and fomething
difagreeable and harth in the Sounds; and thefe
Muficians call Difcords.

Some may perhaps think that the longeft and
fhorteft Vibrations of a Mufical String, are not
performed in the fame Time ; but upon due exa-
mination they will find them to be exaétly
equal. | |

If two Strings of the fame or of different Luzes
be Unifons, that is, if the Number of Vibrations
of the one be equal to thofe of the other, in
the fame Time, we cannot move one but the
other will found alfo, or at leaft it will tremble ;
whereas i1t will not tremble at all, if we mowve
any other String near it which is a Difeord. For
the Strings which are Concords being capable "of
the fame Vibrations, very conveniently commu-
_nicaté them to each other, and there can be no
Agreement in them, if the Strings are not Unifons,
becaufe the Air which is put in Motion by the
one, does not find the other difpofed to receive
its Motion; fince every Stroke except the firft
being out of Time they confpire to deftroy each
other’s Motion.

This Difpofition that a Body has to move,
when the Airis fhaken by another Body, is to
be found in other Things as well as in the
L1 R Strings
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Strings of a Lute, or other Mufical Inftrument : This
has been experienced by Gentlemen in the Army,
when they have obferved the Glafs Windows to
tremble very fenfibly upon beating of a cerrain
Drum, and at the fame Time would not tremble
at all upon beating of others which are much
louder.

So likewife if two Glaffes, by putting in a
proper Quantity of Water, be made Unifons;
the prefling of our Finger hard upon the Edge
of either of them, and moving it round, will
make the Water in the other curl, and dance
about.

Mr. Boyle tells us that upon difcharging of
Canons, a fick Man who had his left Hand cut
off, thought himfelf almoft fhattered and torn to
Pieces; of another that upon f{craping a piece of
Iron with a Knife, he could not hold his Water ;
and of a third, that upon tearing thick Paper
his Gums would bleed.

To thefe fort of Motions may be afcribed the
Caule of certain Shiverings, which we fometimes
feel all over our Body, and which reaches even
to the Heart, upon hearing the found of a Trum-
pet, a Concert of Mufic, &c. For it may be
that the Blood is difpofed to yield eafily to the
trembling of the Air.

And becaufe the Membrane or Drum of the
Ear, which is fomething like Parchment, being
agitated by the external Air, caufes different Mo-
tions on the Capilliments of the Nerves of the
Ear; therefore it will be more or lefs fhaken
according as it is more or lefs ftretched ; fo that

' Attention
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Attention confifts in nothing elfe but in a due
ftretching or loofening of this Membrane, and
by keeping it in that Pofition where it will
beft receive the Imprefiion and Motion which
Sound gives to the external Air.

Of the Diving Bell.

The Diving Bell is a large Veflel of Wood
or Copper, with Weights about the Bottom i
Order to make it fink, when full of Air, with
the Mouth of the Bell downwards: The Diver
fitting urder his Bell is let down with the included
Air, to the Depth defired.

The Management of this Machine depends
upon the Knowledge of the following Princi-
ples. -
1. That a Body being immerfed in 2 homo-
geneal ora like Flui?, 1s always preffed with a Force
propertional to its Diftance from the Surface.

2. That the Denfity of Air is always as the
Force that prefles it, that is with a double Preflure,
it will be prefled into half, or with a triple
Preflfure into one third of the Space it before
poflefied.

3. That Air is vitiated by pafling through the
Lungs of Animals.

Doétor Halley’s Defpription of his Diving Bell.

¢ The Bell I made ufe of was of Wood, con-
taining about fixty Cubic Feet in its Concavity,
and was in the Form of a Truncate Cene, whole
Diameter
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Diameter at the Top was three Feet, and at
bottom five. This I coated with Lead fo heavy
that it would fink empty, and I diftributed the
Weight fo about its Bottom, that it would go
down in a perpendicular Situation and ne other.
In the Top I fixed a ftrong, but clear Glafs, as
a Window to let in the Light from above; and
likewife a Cock to let out the hot Air that had
been breathed ; and below, about a Yard under
the Bell, I placed a Stage which hung by three
Ropes, each of which was charged with about
one Hundred Weight, to keep it fleddy. This
Machine I fufpended from the Maft of a Ship
by a Sprit, which was fufficiently fecured by Stays
to the Maft Head, and was direfted by Braces
to carry it over Board, clear of the the Ship’s
Side, and to bring it again within Board, -as
Occafion required.

To fupply Air to this Bell when under Water
I caufed a couple of Barrels of about thirty-fix
Gallons each, to be cafed with Lead, fo as to
fink empty; each having a Bung Hole in its
loweft Part to let in the Water, as the Airinthem
condenfed on their Defcent; and to let it out
again when they were drawn up full from below :
And to a Hele in the uppermoft Part of thefe
Barrels, I fixed a leathern Trunk or Hofe, well
liquored with Bees.wax and Oil, and long enough
to fall below the Bung-hole, being kept down
by a Weight appended, fo that the Air in the
upper Part of the Barrel, could not efcape unlefs
the lower Ends of the Hofe were firlt lifted up.

The &
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The Air Barrels being thus prepared, I fieted
them with Tackle proper to make them rife and
fall alternately, after the Manner of two Buckets
in a Well. Which was done with fo much Eafe,
that two Men with lefs than half their Scrength
could perform all the Labour required; and in
their Defcent they were direéted by Lines faftened
to the under Edge of the Bell, the which paffed
through Rings placed on both Sides of the
Leathern Fafe in each Barrel; fo that fliding down
by thofe Lines, they came readily to the Hand
of a Man who ftood on the Stage, on purpofe
to receive them, and to take up the Ends of the
Hofe into the Bell. Through thefe Hofe, as foon
as their Ends came above the Surface of the
Water in the Barrels, all the Air that was included
in the upper Parts of them, was blown with great
Force into the Bell, while the Water entered at
the Buhgi-hnles below and filled them ; and as
foon as the Air of the one Barrel, had been thus
received, upon a Signal given, that was drawn up,
and at the fame Time the other defcended; and

by an alternate Succeffion, furnifhed Air fo quick
~and in fo great plenty, that I myfelf have been
one of five, who have been together at the
Bottom, 1n nine or ten Fathoms Water, for
above an Hour and a half at a Time, without

any fort of ill Confequence ; and I might have
~continued there as long as1 pleafed, for any Thing
that appeared to the contrary. Befides, the whole
Cavity 'of the Bell was kept entirely free from
. Water, fo that 1 fat on the Bench, which was
diametrically placed near the Bottom, wholly

Q. drefled {

EI
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dreffed with all my Cloaths on ; I only obferved
that it is neceflary to be let down gradually at
firft, at about twelve Feet at 2 Time, and then
ftop and drive our the Water that entered, by re-
ceiving three or four Barrels of freth Adir, before
1 defcended farther. But being arrived at the
Depth defigaed, I then let out as much of the
hot Air that had been breathed, as each Barrel
would replenifh with cool, by means of the Cock
at the Top of the Bell ; through whofe Aperture,
though very fmall, the Air would ruth with fo
much Violence, as to make the Surface of the
Sea boil; and cover it with a white Foam, not-
withftanding the great Weight of Water over
us.
Thus I found I could do any Thing that was
zequired to be done juft under us; and that by
taking off the Stage, 1 could for a Space as wide
as the Circuit of the Bell, lay the Boctom of the
Sea fo far dry, as not to be over Shoes thereon.
And by the Glafs-window, fo much Light was
tran{mitted, that when the Sea was clear, and
efpecially when the Sun fhone, I could fee per-
fe€tly well to write or read, much mere to
faften and lay hold of any Thing under us that
was to be ‘taken vp. And by the return of the
Air Barrels, I often fent up Orders, written
with an Iron Pen on {mall Plates of Lead, di-
refting how to move us from Place to Place as
Occafion required. At other Times when the
Water was troubled and thick, it would be as
dark as Night below; but in fuch a Cafe I have
been able to keep a Candle burning in the Bell
as

il
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as long as I pleafed, notwithftarding the great
Expence of Air requifite to maintain Flame, |

This 1 take to be an Invention applicable to
various Ufes; fuch as Fifbing for Pearl, Diving
for Coral, Spunges and the like, in far greater
Depths than has hitherto been thought poffible :
Alfo for fitting and plaining of the Foundation
of Moles, Bridges, &c. upon rocky Bettoms

and for the cleaning and fcrubbing of Ships Bot-

toms when foul, in calm Weather at Sea. But
as I have no Experience of thefe Matters, Ileave
theh to thofe that pleafe to try. T fhall only
intimate, that by an additional * Contrivance,
I have found it not impraéticable for a Diver to
go out of our Engine to a good Diftance from
it, the Air being conveyed to him with a conti-
nued Stream, by f{mall flexible Pipes; which
Pipes may ferve as a Clew to direét him back
again when he weould return to the Bell.”

CHAP.

® The Contrivance here mentioned, was a Veflel made in
the Shape of a Bell, fo big as to cover a Man’s Head and
Shoulders ; this was put over a Divers Head #nd with it he
walk’d out of the Bell upon the Bottom of the Sea up and
dewn, and bad the Air conveyed to him by flexible Tubes,
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any other luminous Body; and yet the Beams
‘or Rays of Light, in pafling out of one tranf-
parent Body or Medium, as Air, Water, Glafs,
- Diamond, a Vacuum, & into another of a dif-
ferent Denfity, are bent or turned out of their
Way, or they are made to change the Direftion
of their Motion ; and this bending or change of
. Direttion is called Refraftion; and it is found,
that Rays which pafs from a rarer into a denfer
Medium, bend towards a  perpendicular Line,
let fallen from the Point of Incidence on the re-
fradting Surtace ; and on the contrary, when they
pafs out of a Denfer into the rarer Medium, thf:y dt—-
cline or bend from that Perpendicular.

 Fig. 54. Thus let the Veflel ABCD which we are
- firft to fuppofe to be empty, be placed where
the Sun fhines obliquely, and 'let the Point B
‘where the fhadow of the Brim D falls on the
Bottom of the Veflel, be obferved ; then let the
‘Veflel be filled to any Height as E F with Water,
and Jet the Point of Incidence L where the Sha-
dow of the Brim D, or the Ray I L, will fall
on the Surface of the Water, be alfo nhﬁ:rved
and fuppofe the Perpendicular GLH to be drawn
through the Point of Inmdeace L; then 1t will
be found that the Shadow of the Brim will no
longer be feen in the Point B. at the Bottom of
- the Veflel, but at fome other Point, as at K which
1s nearer to the faid Perpendicular ; for by Degrees,
as the Water is poured in, the Shadow at B will
befound to creep nearer and nearer to the Per-
w“ptpdlcu!a:, the more you fill the Veflel, that

m, it will be the more refraéted mwardq the
Perptn—
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Perpendicular, the more the Vefel is filled. And
oh the contrary, if we fuppofe KL M to be a
Ray of Light paffing from Water into Air, in-
ftead of its Motion being found in M L the
Diretion of the Line LK, it will be found to
recede more from the Perpendicular, or to
|55 5 |
If a Stick be lald over a Veffel when the
Sun is in the Zenith or diretly over Head, the
Shadow will fall upon the fams Part of the Bot— 4l
tom of the Veflfel whether it be full or empty;
{o that Perpendicular Rays fuffer no Refrac- =
tion,

The bending of Rays or Refraltion to or from
the Perpendicular, feems owing to the Superiority
of Atcraction, that the denfer has to the rarer
Medium ; which is alfo more or lefs, as the
Rays fall more or lefs obliquely on the refrafting
Surface, which divides the Mediums.

Put the End of a ftrait Stick ebliquely into a
Veflel of Water, and look upon it obliquely,
it will appear to be bended at the Surface of the
Water, in the fame Manner as the Rays of Light
are bent, but in a contrary Direétion.

If yeu put a Shilling at the Bottom of 2 Bafon
or Cup, and withdraw yourfelf from it by Degrees,
fo as to loofe the Sight of the Shilling, then
if the Veffel be but partly filled with Water,
you will fee the Shilling very plainly.

Hence it is that we always fee the Sun before
it rifes, and after it fets, becaufe the Atmofphere
abeut the FEarths Surface is more denfe at the

rifing
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rifing or fetting of the Sun, than at any nth:r
Time of the Day.

What has been faid of Water may be applied
to any other tranfparent Body, only the Refration
of fome is greater than in others.

The Angle ILG (fee the foregoing Figure)
contained between the Ray IL and-the Perpendi-
cular LG is called the Amgle of Incidence, and
the Angle KL H contained between the fame
Perpendicular, and the fame Ray after Refration,
18 called the Angle of Refrafion.

The Sine of the Angle of Incidence, is to the
Siae of the Angle of Refradtion, always in a
given Ratio. Thus, When aRay of Light paffes
out of Air into Glafs, the Ratio is as 3 to 2, out
of Air into Water as 4 to 3, out of Air into
Diamond as 5 to 2.

- Hence we may :aﬁly i‘::, how Rays will pafs
through all forts of Glaffes.

Of Glafles.

Glafs may be ground into thefe fix different
Shapes.

1. A plane Glafs, or one that is ground quite
plane or flat on each Side, and whofe Parts are
every where equally thick.

2. A Plang-convex, or one thatis plane or flat
on one Side, and Convex or round on the
other.

3. A Deuble-convex, or one thatis Gonvex on
each Side,

4 A
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4. A Plano- concave, or one that is concave o

’&im hollow on the one Side, but plain on the other.

b

g

ks, A Dﬂﬁ&fﬁ*mﬂfﬂh or one that 1s concave on
each Side. -

6. A Mimifcus, or one that is ground concave
on one Side, and convex on the other. And of

~ thefe in Order.

1. Fig. 55. If a Ray of Light, paffes through
a plane Glafs, it will go in and pafs out in the

fame Direttion, though not precifcly in the fame
Right-line: Thus, if a Ray of Light RD fall -

obliquely on the Surface of the Glafs AD, it will
be refracted in the Direftion CD, fiom what has

been juft faid; but. when it comes out of the

Glafs at C into the Air, it will be refraéted in 2

contrary Way, fo that EC w:ii be parrallel to

RD.

2. Fig.: 56. IF parallel Rays of Light pafs
through a Convex Glafs, they will be colleéted
and converge in a Point behind it: Thus, the Ray
RD which falls perpendicularly in the Middle of the

Glafs, will go through it without fuffering any
Refragtion as hath been already fhewn; but the °
Ray¢ ST which paffea through the Side of the
‘Glafs, falls obliquely upon the Surface, and will =
therefore be refracted, and incoming through the
- Glafs will meet each other at F and compofe a pen- |

¢il of Rays; and the nearer the Verge of the Glafs

the Rays fall, the more oblique they willbe, and '

therefore will be more refralted ; and hence it is .

that the Point F which is called the principal Fo-
cus will be nearer to, or further from the Glafs, as ©
~ the &
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the Glafs is more or lefs convex, or as the Rays are
more or lefs refracred.
Hence it alfo is, that a convex Glafs will fet
fire to Things, by the Suns Rays pafling through 1t
This Focal Diftance, or Diftance of the Glafs
from the Focus, is equal to twice the Radius of
the convex Surface, in Plano-convex Glafles; and

- in a Glafs which is equally convex on each Side

it is once the Radius of either Surface; but if
a Glafs be more convex on one Side than on the

. other, divide twice the Product of the Radii by

their Sum, and the Quotient will be the Fﬁcal
Diftance Sought.

Fig. 57. It a Ray of nght paflfes obliquely
through a convex Glafs, it will go forward in
the fame Manner as if it had paffed through a
plane Glafs ; that 1s, it will come out of the Glafs
in the fame Direfion in which it entered: For
the Ray R D will be refradted at the points D and E
in the fame Manner, as if it had paffed through
the plane Surfaces aé, ¢d, which are parallel to each
other, as is ealy te conce.ve ; but if Rays as RB,
RP pafs through the Side of the Glafs, they will
be refrated, and fo will converge and meet each
other in F; and on the contrary, the Rays
FB, FP, which flow from the Point F, will be
alfo refratted and will meet each other in the
Point R.

“The Rays that flow through a double convex
Glafs, or a double Convex-Lens from any Objeét,
will paint an inverted Picture of that Objeét, up-

' on any white Body, which is placed av che focus

of the Len:.

R Fig,
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Fig. 58. Let LS be the double Convex-ienss
and let AH be the Objeét to be painted in an
inverted Pofition be placed before it, the Rays
which flow from the Point A will be refratted
by the Less and unite in the Point a3 in like
Manner thofe Rays which flow from the feveral

Points B,C,D,F, F, G, H of the Object AH will

unite in the Points b, c, d, e, f, g, h,; therefore
if the Lems be inferted into a round Hole cut iy
a Window Shutter; and if the Room be darkened,
and the Obje@ be placed before the Lens, and
if a Sheet of white Paper, or any other white
Body, be placed at a proper Diftance behind the

Glafs, there will be found a true and perfeét Pic-

ture of the Obje&t in all its Colours; but in an
inverted Pofition.

In the like Manner, Foufes, Perfons, or Car-
riages pafling by may be feen in an inverted
Pofition 3 and in Order to fee them the more dif-

- unétly it is neceffary that the Sun fhould fhine on

them at the Time of making the Experiment.
The Diftance of the Piéture from: the Glafs
may be found if the Diftance of the principal
Focus be found as before, and the Diftance of
the Obje&t from the Lens be known : thus, mul-

tiply the Diftance of the principal Focus by the

Diftance of the Obje, and divide the Product
by their Difference, and the Quotient will be the
Diftance of the Pifture from the Glafs.

If the Objeét be brought nearer to the Lens the
Pifture will be removed to a greater Diftance,

diverge or fpread more as they fall wpon the

for the Rays which tflow from any fingle Point, will

Ghts, I



I-W T

ExPERIMENTAL PuiLosoPHY. 123

Glafs, and therefore they cannot fo foon converge
or meet together behind ic. If the Diftance of
the Object from the Glafs be equal to the Diftance
of the principal Focus of that Glafs, the Rays
which flow from any one {ingle Point of the Objeét
will be fo refraéted by pafling through the Glafs,
that they will go out of it parallel to each other, and
therefore there can be no Pifture behind the Glafs.

The Pi¢ture that is made by a Cowvex-lens or
Glafs, will be as much bigger or lefs than the
| Objedts, as its Diftance from the Glafs is more
or lefs, than the Diftance of that of the Object
from the Glafs; thus as DI is to Id, fo is AH to
ah. (See the foregoing Figure.) .

The Appearances of a Camera-obfcura owe thf.‘lt'
Formation to a double Convex-lens being fixed
to the Extremity of a Tube, which iffues Hori-
zontally from one Side of a fmall fquare Box,
wherein is a looking Glafs, 2 Speculum or a plane
Mirror, put flantways from Corner to Corner,
fo as to make half a right Angle with the Bottom
of the Box ; the Top of the Box is covered with
a flat Glafs ground only' on one Side, which re-
ceives the Pictures of Obiells, thus,

Fig. cg. Let AB be an Obje&, placed before
the Lens CD which is fixed to the End of the
Tube to the Box; GH the looking Glafs which
makes with the Bottom of the Box HF half a
right Angle; GM the rough Glafs Plate that re-
ceives the Picture of the Obje&t. The Rays which
flow from the uppermoft Part of the Object A,
after pafling the Lens would convergein F, were

: R 2 : ~ they
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thcy not intercepted by the looking Glafs GH
which reflects them upwards, where they will meet
in fome Point K, which is as far above the Spe-

eulum as the Point F is bchmd it. In like Man-

ner the Rays which flow from the loweft Parg
of the Objeét B would converge in E, were they
not reflefted by the Speculum to meet in the Point
1 wh_ir_:h is as much above it, as the Point E is
behind it; and fince the Rays from the extream
Points A and B, of the Object AB, convene at
K and I, fo all the intermediate Points of the
Object AB, will convene between K and I, and
the Object AB will be painted on the Horizontal
rough Glafs Plate 'GM, between the Points K
and I.

The Magic Lantern is a Lantern out of which
iffues an Horizontal Tube capable of being made
]ungcr or fhorter as may be found neceffary, by
means of one Part moving or ﬂld:ng within the
other; to the Extrcm:ty of this Tube is fitted a
double Convex-Lens, and in the other End nex
the Lantern is inferted a plano Convex-glafs with
the flat Side next the Lantern; within the Lantern
oppofite to this Glafs is fixed a Light, which
paffes through that ‘Glafs, and thereby is thrown
very ftrongly upon little frightful Images painted
in dilute Colours on Pieces of thin Glafs, five or
fix ofi which bemg fixed ina Slider, are moved to
and fro ‘acrofs a fquare Arm, which is placed be:
tween the twe Glaffes: Thefe Figures are thruft
through this Arm in an iaverted Pofition, and
by Means of the Eens at the Extremity of the

'Iube, are pamteci in an ereﬂ Poﬁtmn, on &
; whltc

1
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. white Cloath placcd at a proper Diftance ; which
I*"&ance may readily be found by drawing out
or putting in the moveable Tube;or by moving
the Lantern or the Cloath to a greater orto a
-efs Diftance from each other till the Imagesbe-
come diftinét.

Having fully thewn that convex Glaffes caufe the
Rays to converge and to meet in one Point, it

* remains now to thew that Rays which pafs through
a concave Lens will diverge more after they have
pafled through fuch Glaffes, than they did before 3
thus, Fig. 60 two Rays AB and AC which diverge
from the Point A through the Lens BC, will not

« continue to proceed in the Direttion of thofe

Lines towards D and E, but will diverge more

or open wider towards F and G.  Again, if FB

and GC be two Raysconverging towards H, after
they have paffed the Glafs, they will converge
much f{lower or much further towards A. For
if a Candle be placed before a Convex lens, and its

Image be received on white Paper as before ; then

if a Conmcave-lens be interpofed between the convex

one and the Image, the Image will thereby be
projeéted to a greater Diftance and become more
inlarged than before,  but 1t will be lefs diftiné.

Of Vifion.

Having thewn how the Rays of Light pafs
through Convex and Concave-lens’s, we are now te
thew hgw they will be affeted by paﬂ'ng through
f,he Humours of the Ey:‘:

¥
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- If a {mall Portion be cut off a Globe, and if
in Lieu thereof, a Portion of a fmaller Globe,
but of the fame Bafe with the Segment, be fub-
fticuted, they conjun@ly will exhibit the true Form
of the Eye, fince the Eye is more convex before
than in any other Part.

Fig. 61. The Eye confifts of feveral Mem-
branes or Coats which lic within each other, of
which the outermotft is called the Tunica Adnata; or
Conjunfiiva; it has its rife from that Membrane
which invefts the Skull, and it covers the whole
Ball of the Eye, except the foremoft tranfparent
Part, which proje¢ts without the Eye-Lids, and
what is commonly called the White of the Eye,
but by Anatomifts the Cornea,

Befides this Membrane which is not reckoned
with the Coats of the Eye, there are three which
are properly called Coats; the firft or that under
the Conjunétiva is called the Sclerotice as SS, which

is very tough, and is derived from the Dura Mater,
which encumpaﬁes the Eye with the Optic Nerm:,

the fore Part of it becomes tranfparent like polifh-
ed Horn, and is thence called the Cornea as ABC.
The fecond Membrane is ealled the Tunica Co-
roides, as CC, itis derived from the Pia Mater, and
is alfo tranfmitted from the Brain through the
Optic Nerve, but it is much thinner than the for-
mer ; the fore Part of this Coat is called the |
Uwvea or the Jris, and is that Circle that encom-
paffes the Pupil, or what is commonly called the
Sight of the Eye. The Iris confifts of feveral
concentric mufcular Fibres, which are joined
acrofs at right Angles by other ftrait Fibres like
Radii
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Radii, fo that by the Contra&tion of the former,
the Pupil is leffened, but it is enlarged by the Con-
tra&ion of the lateer.

The third Coat is called the Retina, as RR ;
and it is the Optic Nerve that {preads itfelf over
the Bottom of the Eye, oppofite to the Pupil.
Thefe Coats contain a Capfula or Bag, wherein
are the three Humors of the Eye.

The firft we fhall notice is the chriffaline Humor
which is convex on both Sides, but fomething
flatter before than behind as CH 5 it is fupported
by fmall mufcular Fibres, as Af and Cf, called
Ciliary Ligaments, which are inferted into this
Humor as well as into the Choroides, and being
clofely united form a Membrane which feperates .
two other Humors of the Eye; the foremoft of
which is called the Agueous Humor, ar what is con-
tained between ABCHf, becaufe it 1s of the Con-
filtance of Water and like thereto, being very
limpid and tranfparent ; and in the hindmoft is
lodged the Vitreous Humor VV, which has thae

Name, becaufe it refembles melted Glafs. And
. behind all thefe is the Optic Nerve O,

From what has been faid of Convex-lens’s, and
of the Eye, it will plainly follow, that as any
Obje&t may be collected on the other Side of a
Convex-lens ; fo the Humors of the Eye in ge-
neral, but more particularly the Cryftalline Humor,
being the fame as a Convey-lens, the Rays which
flow from the Object will meet upon the Bottom
of the Eye, and there make an inverced Piture
on the Retina; juft as if the fame Objelt were
jﬁurﬁd upon a white Cloath behind a Convex-fens.

For
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For if you take a freth Bullock’s Eye, and cur
away from the back Part, the Coats or Skin
which cover the Pitreous Humor: then by plac-
ing a white Paper upon that Part, and by holding
the Eye towards a lighted Candle, or any bright
Object, fo that the Rays which flow from it, may
pafs through the Pupil, you will then find the

- inverted Objeét upon the Paper, Fig. 62. for
the Rays which flow from the Point A unite on
the Retine at a, and thofe which flow from the
Point B unite in b, and all the intermediate Points
in the Obje&t AB, are united on the intermediate
Points on the Retina, and fo produce an inverted
Image of the Object thereon. But this uaion
of Rays depend upon diftinét Vifion; for fhould
they be united before they reach the Retina, or
beyond it, the Rays iffluing from one Point in
cither Cafe, will not unite but {pread and take up
{ome Space on the Retina, and therefore thofe
which flow from coatiguous Points of the Object
will be fo mixed and blended, that the R{*prﬂfcn—-'
tation of the Object will be very confufed.

Hence it is neceflary that the Eye muft be con-
tralted or dilated in Order to fee Objeéis at dif-
ferent Diftances diftinétly ;5 in Order thac the
Cornea may become more or lefs Convex, foas
to increafe or leffen the refra&tive Force, whichis |
done by Means of fix Mufcles which are inferted in |
the Scleroticay and this moft Men are able to do.
_-But there are fome defective in this Point, who |

#*are unable to fee any Thing diftinétly, but when &
placed very near ; and this is the Cale of their !
Eyes who are called Advopes, purblind and thort

i |
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fighted; in fuch the Cormes is too convex, and
therefore the Rays converge before they reach the
Retina: Such Perfons Eyes are moft lafting 3 be-
caufe as the Eyes of all Perfons flatten by Age,
for want of a due Supply of Humors, the Rays
will converge more and more towards the Retina,
and perhaps at length meet it when they become
old, and thereby they will enjoy diftinét Vifion.

Concave Glaffes are found very ufeful to pur-
blind People, for they caufe the Rays to diverge
fo much, notwithftanding the great convexity
of the Cornea, that they will not meet till they -
arrive at the Retine, and thus they render the
Objeét diftinct.

Such Perfons as have feen diftin&ly, and whofe
Sight begins to fail them; find that Things neat
them cannot be {{fo well feen as others, that are
more remote; for in old Men the Cornes becomes
flat for want of a due fupply of Humors, and
therefore the Rays will converge beyond the Rets-
na, and - confequently on it, they will diverge and
fcatter, and thereby render near Objets indiftinct.

The proper Remedy for this Defeét isa Convex-
Jens which will leflen the Divergency and caufe
the Rays to meet on the Retina,

If there be two old Perfons fuch, that one of them
can fee at fmaller Diftances than the other; 1n Or-
der to make them both fee at any lefler given Dif+
tance ; the Eye which can fee at a fmaller Diftance
muft be furnithed with a Glafs of a greater Radius
than the other. And herein confifts the Secret
of younger and clder Spetacles, thofe being
deemed youngeft that are ground to the greateft

S : Radius,
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Radius, Or thus, the flatter and older the Eye
is, the more Convex muft be the Glafles to fee
through.

- Catoptrics or the Nature of the Reflection of
Light and of Colours,

If 2 Ray of Light falls upon anopaque dark
Body, Part of it will be refletted, and Part will
enter the Body and be loft in its Pores; but if a
Ray falls upon a tranfparent Body, Part of it will
be refleted, and Part will enter the Body and
be refracted, as before fet forth ;3 and this was the
general Opinion of all Writers upon Optics, be-
fore Sir Isaac NewTon who has fhewn in the
- 8th Propofition of the 2d Book ef his Optics, that
the Particles of Light are turned backwards be-
fore they touch the reflecting Body, by fome Power
which is equally diffufed all over its Surface; but
whether the Particles of Light be refletted by
ftriking on the Body, or whether they be repelled
or reflected before they touch the Body, this Law
will obtain ; that the Angle of Incidence or that
contained between the incidentRay and a Line drawn
perpendicular to the refleing Surface at the Point
of Incidence, is equal to the Angle of Refle€tion,
or to that which is contained between the fame per-
pendicular and the refle&ed Ray,

Fig. 63. Thus, if AB be a refle&ing Surface,
and 1f CD be a Ray of Light fallen -cthereon, it
will be reflected in the Line DE, fo that the Angle
of Incidence CDF will be equal tothe Angle of
Reflection EDF ; wherefore if it falls perpendicu-

larly



e

— e

EXPERIMENTAL PuiLosoruy. ¥31

farly, it will be refleted back into the perpendi-

cular DF.
By Refle&tion from a plane Speculum or Mirrer

of very fmooth Metal, or even from a wellground
looking Glafs, an Obje& feems to appear as far
behind it as it is before it: Fig. 64. For the
Rays which flow from the Point A of the Objeé&
AB will fall upon the Mirror MR in P, and will
thence be refleged to the Eye at E by the forego-
ing Law, and therefore will enter the Eye as if
they flowed from 2: In like Manner the Rays
which flow from B, will meet the Mirrer at F
and will be thence refle¢ted to the Eye at E, and
of Courfe appear to the Kye as if they had iffued
from ;. therefare the Objet AB will appear to be
at ab. |

In like Manner it may be eafy to conceive from
Figures, 65,66. why the Object appears bigger in
the Concave Mirror reprefented in the firft Figure ,
and why in the fecond Figure it appears to be
lefs than it really is, ina Convex Mirror,

' Fig. 67. If parallel Rays, as ab,ab,ab, &¢. fal
upon a concave Mirror MR they will be reflefted
into a Point F, called the principal Focus.

This is the Reafon why the Suns Rays refle@ed

- from a concave Mirror, bprn with incredible Force

in that Point.

If an Obje&t be plared beﬂ}re a concave Mirror,
at a Diftance that is greater than the principal
Focus, the'Rays which flow from it being refleéted
by the Mirror, will make an inverted Picture of

_the Obieét, upon any white Body placed to receive

S 2 them



132 A COURSE ¢of

them s provided it be fet beyond that Poing
where the refraéted Rays will crofs one another.
<. Fig. 68. Let MR be a concave Mirror, and
AB the Obje@t; the Rays iffuing from A which
fall on the Mirror at P, will be refieéted along
the Line PD making the Angle of Reflection
equal to the Angle of Incidence; and the Rays
iffuing from the Point B which fall on the Mirror
at C, will be reflected along the Line CE; if |
then a Sheet of white Paper as ST be placed
perpendicularly any where beyond the Point G,
where the reflected Rays concur or crofs each other ;
you will have on it the Pifture ba of the Objeét
AB in an inverted Pofition. :

If the Eye be placed beyond the Sheet as at E
in the Continuation of the refleéted Rays Ch,Pa,
it will receive them as if they flowed from a
real Obje&t at ba; and hence we fee the Reafon
of the odd Phceenomenon exhibited by a concave
Mirror, of a Body feeming to be fufpended in
the Air between the Eye and the Mirror.

Thgenearer the Object is to the principal Fo-
cus, it 1s eafy to fee from the toregoing Figure
and what has been faid, that the greater Diftance
the Picture muft be from the Mirror in order
to make it of an equal Size, and the contrary ;
for the Rays will diverge more as they fall upon
the Mirror. What has been faid of Piftures |
made by Comvex Glafles will hold good of thofe
which are made of Comcave Mirrors. '

To find the Diftance of the Pigure from thc
Mirror, multiply the Diftance of ' the Obje&
from the Mirror into the Radius of its Concavity,

and
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and divide that Product by the Difference between
twice the Diftance of the Objea& from the Mirror,
and the faid Radius, the Quotient will be the
Diftance required. -

It has been already fhewn how the Rays of
Light are refrated, by pafling through different
Mediums ; we come now to fhew how fome Rays
of Light are more refrated than others, ; and that
accordingly as they are differently refradted, they
excite in our Minds, Ideas of different Colours.

- Fig. 6g. Let the Sun fhine into a dark Chamber
through a fmall Hole at H, cut in a Window
Shutter, fo long and. broad as to fit a Triangular
Glafs Prifin as A.: Place then the Prifm fo before
the Hole, that the Rays of Light HA which
pafs through the Hole, may fall obliquely on one
of its Sides, and they will fuffer different Refrac-
tions by pafling through Parts of the Prifm that
are of different Denfities; fo that inftead of their
going out in’ one Dire¢tion they will pafs in dif-
ferent Dire&ions, reprefented by the Lines AB,
AC, AD, ¢. and in falling eitherfon the oppofite
Side of the Room or upon a white Paper, will
paint thereon a Series of moft beautiful and lively
Colours, in this Order: Thofe that are leaft re-
fratted by the Prifm, and therefore go in the
Dire&ion of the Line AB, will be of a very bright
and intenfe Red, the next going in the Dirc&ion
AT will be of an Orange Colour, then will
foliow: Yellow, Greem, Blue, Purple and Violer,

There are different Degrees in all thefe Colours :
Thus, the Red degenerates by Degrees into an
Orange,
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Orange, the Orange into a Yellow, the Yellow
into a Green, &¢.

There is not an equal Quaptity of Rays be-
Jonging to each of thefe Colours ; for if the
oblong Column or Series of Colours BK be di-
vided into 360 equal Parts; Sir Isaac NEwron
has fhewn, that the Red took up 45 of them,
the Orange 2%, the  Yellow 48, the Green 60,
the Blue 60, the Purple 40, and the Violet 8o.

If all thefe Colours be blended together, they
will make a white 3 thus,

Fig. 70. Having divided the Rays of the Sun
by a Prifm as before mentioned, receive them
upon a convex Lens as LS, which will refraé them
in fuch a Manner, that they will crofs each other
at F, and if a white Paper as DE be placed there
to receive them, we fhall find they will excite the
Idea of a ftrong White; but if the Paper be
placed further from the Glafs as at FG, the dif-
ferent Colours will appear again in a contrary
Order: And if any one of the Colours be inter-
rupted by an opaque Plane as BC before it meets
at F, the white will be inclining toa Violet or a
Red, according as the Red or Violet Rays are
ftopped.

When a Ray of Light is once feperated from
the reft, it cannot be divided iuto any other Co-
lours, though it be never fo often refleGed or re-
fradted:

As White is a Compofition of all Colours, fo
is black a Privation of them all, and 1s thérefore
properly called no Colour.

Any
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Any one of thefe Colours except Red, may be
made by mixing together the two adjoining prif-
matic Colours: Thus, Orange and Green being
mixed, will make a Yellow, a Mixture of Yellow
and Blue will make a Green, Pnrple and Green
will make a Blue, &¢.

All Bodies appear of that Colour, whofe Rays
they refle@ moft; as a Body appears Red when
it refle@®s moft of the Red-making Rays, and
abforbs the reft ; a Blue or Green Body refleéts
the Blue or Green-making Rays; and {o of the

| _ reft,

Of Microfcopes and Telefcopes.

A Microfcope is an optical Inftrument ufed to
render Infects and other f{mall Bodies or Obje&ts
the more confpicuous,

Fig. 51. The fingle Microfcope, is only a
fmall convex Glafs as LS, under which the Obje&
ab is placed inits Focus, and the Eyeat or near the
fame Diflance on the other Side; then from what
has been already {aid, and the Figure, it is plain»
that the Rays which flow from the Extremities
of the Object ab, will enter the Eye in the Lines
LE, SE, and confequently will be feen under
a greater Angle, and fo appear larger than if there
had been no Glafs.

If you would know how much this Glafs mag-

nifies ; divide the leaft Diftance at which an Ob-
je& can -be diftin¢tly feen with the naked Eye,
by the fo®l Diftance of the Glafs, and the Quo-

tient
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tient will nearly fhew, how much the Glafs Mag-
nifies.

Eig. %2. The Compound Microfcope is generally
made of three Glaffes which are thus difpofed;
the Obje& Glafs or Lens LS is of about half an
Inch or an Inch Focus, CD and FG are two Eye
Glafles. placed fometimes clofe together, and fome-
times at an Inch or two diftant from each other 3
ba is a {mall ‘Objeét placed at a greater Diftance
from the Lens LS than is its principal Focus; fo
that the Rays flowing from the Object ba through
the Lens LS, make an inverted PiGure at AB;
which will be as much larger than the Obje&, as
its Diftance from the Lens is greater.

The Eye Glaffes CD, FG anfwer the End of

a fingle Microfcope: For the Rays which flow from
the Ends of the enlarged inverted Obje& AB will
enter the Eye under the Angle CED, which is
much greater than the Angle under which they
would be feen by the naked Eye; and the Rays
which flow from any Point of the Objeét, will en-
ter the Eye parallel to each other, and therefore
will be feen diftinétly, by what has been already
{aid.
The Solar Microfcope is thus made,

Fig. v3. Having made a Room very dark, let
a Hole be made in the Windaw Shutter, of about
three Inches in Diamecter, fo that the Sua may
caft a Cylinde of Rays into the Room: In this
Hole, place the End of a Tube containing two.

- Glafles and an Object, wiz. 1. A ceffvex Glafs

aa, of about two Inchf;s in Dlitl‘iﬁt{*r, and of three
Inches

!
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lnchea Focal Diftance, is to be placed at that
End of the Tube which is to be put into the

. Hole. 2. The Object ob being put between two

Pieces of Glafs is placed about two Lnches and an

| half from the Glafs aa. 3. At a little more than
' an Inch from this Objet is placed a {mall Glafs

de, of about half ari Inch in Diameter and of
one Inch Focal Diftance,
Things being thus prepared, the Rays which

" flow from the Object ob will make a large inverted

Figure upon a white Paper, of the Objeét, in moft
beautiful Coloursand prodigioufly mag,niﬁed. 1
The Tube muft be fo placed that the Suns Rays

| Ra, may flow directly through the Glafs aa; or

—

elfe they mult be made to pafs direCtly through
it, by Means of a plane Mirror, or of a piece of
Looking-glafs, fet angularly towards the Sun, fo
that the Rays which are reflected by the Looking-
glafs may pafs directly through the Tube, and
thence they will tranfmit the Rays of the Object
on the white Paper,

The Cominon Refradting Telefcope s thus con-
ﬂrﬂﬂfd

Fig. 714. A 15 the Object Glafs, its Focal Dif=
tance Af from One to an Hundred Feet; b, c,d,
are three Eye Glafles, whofe Focal Diftances are
frcnl‘n one to ten Inches. v
; The Glafles bcmg thus prepared let them be
pla-::ed in a Tube .in'fuch a Manner, that the Dif-
tance between any two may be equal to the Sum
of their , Focal Diftances, as in the Figure; and

§ the

L
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the Eye muft be placed at E one Focal Diftance

of any of the Eye Glaffes, from the outermoft
one d; then it is plain that the Rays flowing trom

any vaftly diftant Object through the Glafs A,

will make an inverted Figure of it at f; and the
Eye Glafs b being placed within the Focal Dif-
tance of f, and the Eye again at e the fame Dif-
tance from b, the Pi€ture will be feen diftinctly
but inverted; fo that two other Glaffes are ufed
to make it appear eret as before.

The Line mA reprefents the Axis of a Pencil
of Rays flowing from the Top of the Objett,
and nA one flowing from its Bottom : When they
enter the Eye either at e or E, it is plain they
converge much more than they did before their

 Entrance into the Glafs, and therefore the Objeét
will be feen under a greater Angle; but the Rays
which flow from the fame Point of a diftant Ob-
je&t, enter the Eye in Lines parallel to each other,
and confequently the Objet will be feen diftinétly.

The magnifying Power of a Telefcope is found,
by dividing the Diftance of the Glafs A, by that
of any of the other Eye Glafles,

In the Reflefting Telefcope a concave Mirror is
made vfe of inftead of a convex Glafs.

The Pidture which 1s made by a convexGlafs
is always tinged a lictle with Colours about the
Edge; but the PiCture made by a concave Mirror
will ever be clear; and therefore the refleéting

Telefcope is preferable to the refraé’cmgﬂ one, fo
long asthe Mirrors are kept clean.

CH@R
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Of Aerial MzTEORS in general, and of Agques
ous METEORS in particular,

Y. Of Aerial Meteors in general.

H E Phcenomena which arife from Bodies
that are either fufpended, conjoined, or fe-
perated in the Atmofphere; or from fuch as move,
afcend, defcend, are driven, or feton Fire therein,
are called Mereors. '
Whatever afcends into the Air from the Earth
is called a Vapour or Exbalation: But the conftituent
Parts of a Vapour are aqueous and moift, and
thofe of an Exhalation are not, for they confift
of the fubtileft Parts of folid as well as fluid Bodies.
As Vapours and IExhalations which are conti-
aully afcending in great Quantities, corrupt the
Atmofphere, it therefore follows that various Phee-
nomena muft thence neceflarily arife. The Quan-
tity of Water which afcends in the Form of Va.
pour in one Day exceeds Belief ; for in the Me-
diterrancanSea only, Doftor Halley by Experiment
found, that many Millions of Buts of Water af-
cended in the Form of Vapour iy cne Day. Such
Parts of the Earths Surface, as are thick with
Plants, contribute much to the encreafe of Va-
pours and FExhalations, as do the Perfpiration
of all Animals, she noxious Fumes arifing from
' T 3 Vegitables
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%{egitgbies and Animals dead and rotting over the
whole Farth, and from Bodies burning for daity
Ufe, as well as from burning Mountains, and thofe
earthy Perfpirations which are produced from
fubterrancous Fires, which abound in the Bowels
of the Earth, all confpire to fupply the Air with
a fufficient Fund for the produétion of Meteors.

Vapours and Exhalations afcend on Account of
variaua Caufes of whichthefe are the chief.

1. They afcend by the Means of Fire, whether
it be culmary or earthly, fubterraneous or fplar
produced by the Sun. For Fire by entering into
Bodies ‘agitates ‘and rarifies their Particles, and
with a rapid Motion drives off the moft fubtile
of them, with great Force, which bemg fpecifically
lighter than Air, are by that Means carried up till
they meet with lighter Air.

2. Many Bodlfs helncr expnfed to the fame
Fire tﬁar Air is, receive more of the Fire and
retain it longer than the Air can ; on “this Ac-
count the volatile Parts of Bodies on the Earth
may be feen on a Summers Evemnw to rife and
form a Vapour over the Ditches and Meadows,
becaufe they are more rarified than the Air abnur
them is. Or if on a frofty Evemng a large
Aperture be made in Ice, a watry Vapour much
warmer than the Airi is, w:ll be fuund to rife in
great plenty.

3. The Particles of fomﬁ Bodies become volatile
gnd are driven upwards, b}r the Bodies being
tfermented, putuﬁf:d boild or broken: For Bmhes
which are 1n an of thefe States tmlt rm.u,h 1iwapnauur
aud Exhalation, '1 hat a Body’s bexnﬂ ﬁ:peratﬁd or &
' i | broken
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' 'broken may occafion a Volatility in fome of the
Parts, is plain from a’'Vapour which arifes on the
defcent of the Water falling from an Height, as
at Powers-court, or at the Sa/mon-leap near Leixlip.
In Canada, the River Niagara falls down a fteep
Rock 156 Feet, with a Noife which is heard b
all the Country round about, and forms a Ciau§
by the Particles that fly off, rifing in the Form of
‘a thick Mift, which may be feen ar the Diftance
of five Miles.

4. Water and other Fluids attraét, and are at-
tratted by Alr. And therefore the Particles of
Water and other Fluids which are attraéted by
‘Aiir, afcend into Air, as foon as they are feperated
from the Maffes to which they belong, )

5. Winds raife Vapours from feveral Bodies, ef-
‘pecially from fuch as are aqueous, and hurry them

| away: Hence wet Cloths, when expofed tq the

| Wind, are {foon dried.

Laftly,. Whatever can difunite the rarer Par-
ticles of Bodies from the Bodies themfelves, or
-¢an render the Particles fpecifically lighter than
-Air, will be the Caufe of their Afcent. If Particles,
which are much lighter than. Air, meet others
heavier than themfelves, they will adhere and com-
pofe a Mafs ftill lighter than Air, which will con-
tinue to afcend on high, Tk

We difcover that Vapours iffue and afcend ﬁ'om

- the Earth. 1 'When we fee the Ground and diftant
Mountains to throw out a Fume, 2. When the
Heads of diftant Hills are covered with Clouds
though'in a ferene Sky. 3. When all diftant Bo-

dies fcem to twinkle. 4. When Mifts which are
formed
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formed by Vapour afcending from Lakes and
Marfhes, will be feen to hang over them. g,
‘When the Sun and Moon rifing and {etting appear
very ruddy.

Becaufe the Denfity as well as the fpecific Gra-
vity of the Atmofphere differs at different Diftan-
ces from the Earth’s Surface, therefore Vapours
and Exhalations may afcend and continue at va-
rious Heights in the Air; thofe that are rareft are
driven or carried to the greateft Diftances, and
thofe which are nearly as heavy as Air, lie near
the Earth, and fuch as are yet lighter are carried

higher into the middle Region of the Air. .
-~ Hence Clouds and other Meteors which are form-
¢d in the Air, are at-different Diftances from the
Earth, and hence it alfo is that Vapours and
Exhalations will afcend or defcend in one and the
fame Place as the Atmufphere becomes more or
.lefs denfe.

.The more : denfe the Atmufphere is, the more
Vapours and Exhalations is it capable to fuftain 3
and the rarer, the more unfit it is for that Pur-
pofe. Now in Winter the .culd Atmofphere be-
comes moft denfe, as is proved by the Barometer,
and confequently (1s moft. capable to fupport the
~greateft Quantity: of Vapours and Exhalations,
and therefore in that Seafon the greateft Number
of Meteors "happen. And becaufe this Reafon
chiefly prevails:in cold Countries, it is, that more
Meteors are obferved in them, than in warmer
Climates.

e | Vapours
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Vapours and Exhalations defcend to the Earth
from the Atmofphere, on Account of various
Caufes, the chief of which are thefe.

1. As foon as the Denfity of the Air, or its
Specific Gravity is diminifhed, the Exhalations
will defcend by their Gravity, which is manifeft
from the Barometer. And this may be alfo proved
by covering moift Air with a Receiver: Upon
exhaufting fome Air, a little Cloud is formed
under the Receiver, which will fall as the Airis
more exhaufted or rarified ; and hence we obferve
Rain and other Meteors, when the Mercury in
the Barometer is very low, indicate the Air to be
very light.

2. When Things which had afcended by being
rarified with Fire, lofe their Heat, they become
condenfed and fpecifically heavier than Air, and
fo defcend. _

3. When Things lofe the Motion they had
received from Fire, or from any other Caufe
which drove them upwards, they will defcend.

4. When Particles are driven by Winds againft
refifting Obftacles, or againft one another by
'Winds that blow in oppofite Directions, or if
Particles unite from any other Caufe, by this
Concourfe they become {pecifically heavier than
Air, and therefore delcend,

5. When fome different Kinds of Exhalationg
unite, they will excite a boiling Heat or Effervef-
cency with each other, which wearing off, the
Body becoming thereby condenfed, is precipicated
or hurried downwards,

6. Such
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6. Such Particles as are exhaled or carried off
in Winds, are with them again driven down-
wards. _

7. Winds which blow hnrizantafl'y below that
Part of the Atmofphere in which Exhalations
are fufpended, drive the Air away which fuftains
them, and then they defcend in the Place of the
Air that was drove away. _

8. When more Vapours and Exhalations afcend
than the Atmofphere is capable to fuftain, thofe
that are fuperfluous muft recurn back, ' having loft
their Motion by which they afcended.

Meteors may be conveniently divided into three
Kinds, viz. firft, into Aqueous Meteors ; fecondly,
into fiery Meteors ; thirdly, into airy Meteors or
Winds, Thefe we will treat of feverally.

2. Of Watry Meteors, viz,

Of Mifs, Cloads, Dew, Rain, Froff, Hail,
Whirl-wind, Rain-Bew, Halss, Parbelii,
Parafelene, &c. |

A Mif or a Feg is occalioned by a plenty of

Vapours or Exhalations which are fufpended in the
- Awmofphere near the Earth’s Surface, and whick |
u‘ai:'}' are conftituted, difperfed and ranged in fuch 3 1
P Manner as to intercept much Light, and to make. |
b ':‘7"-%1: Air darker than ufual. i3
I The Vapours and Exhalations that form Mifls,
alcend flowly from and fall lowly to the Earth;
and  therefore they feem to be fufpfndcd in ene

Place, and are not eafily feen to advance, "W hen

o

the
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the Vapours which compofe the Mift 4re motlt
and wer, they are neither hurcfui to Animals, nor
are they offenfive to the fmell: But fuch as confiik
of Exhalations; ftiak; are hurtful to the Health,
and eften occafien many Difeafes; and others
in many Places are of a poifonous and deadly.
Nature, It is plain that Mifts are compofed of.
fome other Matter than aqueous Vapours, becaule
when, they are. difperfed; we often find a thin
Skin,or Film floating on the Surface of Water
over which they were fufpended, which is of a
reddith and greafy Nature, fomething like that
which Chemills obferve when they prepare the
Golden Sulpher of Antimony:

Mifts are formed in ferene calm Weather, and
never when there is Wind, for that difper-
fes them. They are generally obflerved in an
Evening, efpecially if the Sun in the Day has
much heated the Earth, which by its fecting quicks
ly cools the Air, and occafions the heated Par-
ticles of the earthly Bodies to alcend in greas
Plenty. In freland this chiefly happens “in the
Spring, and in the Autumn; becaufe the diffes
rence between the Evening Heat and that of the
Day is much greater in thefe Seafons of the Year,
than in Summer or Winter: There are alfo Morn~
ing Mifts in Winter, about the Time of ‘Sun rif-
ing, bf:caufe then the Air is fooner heated or ra-
rified than the Exhalations which are fufpended
in it, and therefore they being fpcclﬁcaliy heavier
than Air, defcend and caufe the Mift: Thefe
are often feen in the Winter Months, November,
December, Jonnary, February, and Mifts are fel-

W dom
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dom feen in the Summer Months, for in them the
Exhalations are almoftas foon heated as the Air
in the Morning, and are almoft as foon condenfed
as it is in the Evening: Hence if you do but
breath in the Winter, you fee a Mift, which
confifts of heated Vapours ‘from the Lungs into
condenfed Air, of which there is no Sign in the
Summer. In Places therefore which are near the
North-pole, they have Mifts for feveral Days toge-
ther: Thefe ufually happen before or after Weft
or South-weft Winds, or with an Eaft Wind, I?Ut
rarely with any other Winds; for they bring with
them many Vapours from the Neighbouring Ocean.
Mifts happen in a hard and continual Froft, and
when the Weather is clear and mild.

Mifts which continue for feveral Days fuccef-
fively, are frequently foliowed by Rain or Snow,
the Vapours uniting and forming groffer Bodies
by Condenfation. '

When a thick Mift falls upon the FEarth, it
moiftens it like Rdin, for the Vapours are of the
fame Confiftence, and differ only in the Mag-
nitude of their Globules. They are fometimes
fo- fubtile that they cannet be perceived, and fome-
times as large as {mall Drops. A Mift falls indif-
ferently upon all Bodies whether rough er polith-
ed; if it be very moift it penetrates into Houfes,
clings to "Walls, and runs down in Drops and
damps, or moiftens all Kind of Furniture,

The Day-light is intercepted by Mifts fome-
times to a greater and fometimes to a lefs Degree.
The darknefs' is fometimes fo great, thata Perfon
cannot- fee any ‘Obje& that 'is within a few Yards

= of
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of him. The diforderly Situation of the Particles
which compofe the Mift, caufes Paffages of an
irregular Figure and Magnitude; on account of
the very different Denfity of the Air and the
Exhalations ; by this Means the Light is obftruéted
in its diret Paflage, and is drove off to either
Side. Hence it is that when the Air appears
mifty, it foon becomes tranfparent upon receiving
more Vapours which are diftributed through it
more uniformly.

Sometimes the whole Atmofphere is replete of
very thin Mifts, through which the Sun may be
looked on, without offending the Eyes; but it
appears wan or pale, as if it were unable to fhoat
forth its Beams, and yet the Atmofphere looks as
clear as if it were almoft in a quite ferene and
undifturbed State,

Serene 'Weather follows the Morning Mifts in
Summer; for they being thin and rare, are readily
difperfed, driven or attenuated through the Atmofs
phere by Means of the Sun’s Beams,
 Winds by ftriking againft Mountains frequently
condenfe the Vapours they drive forward, and
caufe fudden Mifts to arife at the Mountains.

A Perfon in a Valley who looks on the Sides of
Mountains which are illuminated with the Sun,
will obferve thick {moaky Mifts to arife from
them ; becaufe the Spectator views the Sun Beams
that ftrike againft the Mountain, laterally and
obliquely, through which Beams the afcending
Vapours may eafily be feen; as we fee finall
Particles of Duft floating in the Air in the Sun’s

U 2 Beams,
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‘Beams, when we look upon ighb]ique!y or Sidl:
ways.

A Cloud is nothing but 2 le‘c which has afcend-
ed : "For Smoak which arifes from the burning
of any Badies, forms a Cloud. Many have had
the Curnofity to go up into the Clouds, which
cover the Tops of Mountains, and have found
them to be Mifts only; and others have gone
to the T{}ps of Mountains, which wereabove the
Clouds, and have feen the Cloud or Mift upder
them. Some Travellers have gone into the Clouds
on the Tops nf the higheft Mountains, and yet
have found tht’: CI{}st were nﬂrhmg but Miits,
which do not mnﬁ[’t of Snnw, Ice or any firm
Body.

Clouds are continually changing their Shape,
and therefore it follows that they muft confift of
thm fluid Exhalations, and not of folid and con-
crete Budles, for fhould Uﬁuds cohere into firm

"Maffes, they would foon become fptcxﬁcaﬂy hea-

vier thap the Air, and would fall on the Earth,
if very rapid Winds did not hurr}r them away
but as this has not yet happ{:t’lﬂﬂ, the Clouds
therefore are not ﬁ::l:cl thc:-ugh they feem to be
fo.

Some Clouds appear to be more opaque, or
darker than Mifts; and again others are fo whlte,
that they feem to be compofed of pure Snow, or
of fome fuch white and folid Bodies : Yet thefe
different Appeatances do pot proceed from any
D:fﬁ:rence in the conftituent Parts of either, but
hecaufe the Spc&ator is furrpunded with a Mift
thruugh which he views l:he Cloud, and therefore
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as he then views it through a thicker Medium,
it will appear darker, than when he views it after
the Mift is difperfed through clear Air, orthrough
a thinner Medium.,

Clouds are fufpended in the Atmofphere at dif-
ferent Heights, according to their different Specific
Gravities; and hence they are feen to move over
one another, and though the higheft Clouds feem
to be at a great Diftance from us, yet few of thefe
exceed the Diflance of one Mile. Very thin Ex-

~ halations may arife to a much greater Height,

—
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but on account of their great rarity and tranfpa-
rency they do not appear as Clouds to us.

Becaufe the Airis never quite at reft, the Figure
and magnitude of Clouds are conftantly changing,
fome Parts feperate, and others approach them;
‘Winds hurry them away with a very great Velocity
and often rend them to Pieces and they vanifh:
Hence when Tempefts rage, the Heavenis clear.
The Beams of the Sun often attenuate the grofler
Vapours which compofe the Clouds, and diftribute
them through ather Air, fo as they become tran{-
parent with it; and Clouds when they are thus
diffipating, have been feen to emit Vapours,
which appear like a rifing Smoak ; and Clouds are
alfo difperfed when the Atmofphere becomes more
condenfed and weighty ; for then they afcend, and
being carried into purer Air, they are diffolved in-
fenfibly. '

The Parts which compofe a Cloud are not con-
joined and united, becaufe the Extremities of
Clouds are irregular and uneven: For were they
one united Fluid, as they fwim in another Fluid,

they
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they would affume a fpherical or globular Figure,
which would continue if that Fluid were converted
into a Solid.

Clouds are fometimes tinged with wvarious Co»
lours, yet they generally appear white, becaufe
their exfernal parts refle¢t the pure Light of the
Sun, not feperated in its Colours, Thereare alfo
Clouds which are brown and black, particularly
when it thunders, which abforb the light and re-
flet but little of it, The Clouds are ufually
red about the rifing and fetting of the Sun, which
when the Sun is nearer the Horifon appear violet,
and afterwards blue, for the Light ftriking upon
the Globules of Vapour, and being by them re-
fleted and refralted, parts into different Colours,
according to the various Altitudes of the Sun.

The Clouds defcend and gather together as the
Atmoiphere becomes lighter and make the Hea-

ven dark, which betokeneth Rain; and then the

Mercury in the Barometer falls, as hath been already
fhewn.

The Clouds are of great Ufe. 1. By conveying
Rain to all the Parts of the Earth. 2. By cool-
ing the Earth, and thereby preventing its being
parched by the violent Heat of the Sun. 3.
They are a principal, Caufe of Winds. 4, They
refle€t and refraét the Suns Rays in very different
Direétions, by which Means we fee many Bodies,
which are not direétly Mluminated by the Sun.

Dew is occafioned by Steams and Vapours of
the Earth which afcend on high like a Mift, and

being extreamly rare cannotbe feeny when thefe
defcend

L|
|
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defcend to the Earth they leave a lzght,mefturc
which we call Dew.

There are Drops of Water found on Plants in the
Evening,and Morning which have been fuppofed to
be Dew ; but by many accurate Obfervatmns, thefe
Drops have been found to be the Sweat of the
Plants, which expires through the Orifices of their
Vefiels. For every Plant emits this Sweat or Dew ac-
cording to its Nature, or according to the different
Situation of its Orifices; and Plants which have
been covered with Glafles, or otherwife fecured
by Veflels which cover them from the Dew, have
colle&ted in one Night more Drops than thofe
which have been expofed to the Air and Dew:
And it has alfo been obferved, that the Drops are
only found where the Orifices of the Vefiels are
manifeftly open, and not all over the Leaf, nor
in the hollower Parts of the Plant, which muft be
if it were produced by the Defeent of Dew or
Vapour. This' Sweat is foon ‘difperfed by the
Wind, or by the Heat of the Day, and of
a calm hot Day it 1s em:ttﬂd cnplﬂuﬂy from the
Veflels.

-~ "The Earth is great]y heated by the Sun, whu:fx

as “before, caufes ‘many Vapours and Exhala.
tions to arife. ¥ Whatever rifes in the Day ef-
capes our Sight for the moft Part, and is quickly
difperfed in the ‘Air: But when the Air cools after
Sun fet, the warm Steams arife in greater plenty
with a flow Motion; by which Means they adhere
firft to Bodies that are near the Ground, and then
to thofe thatare higher: For they have often

been
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been obferved to rife no higher than 31 Feet i
an Hour and half. N,

The afcending Dew muft manifeftly differ ac-
cording to the different Seotls of [Places; as
abounding here and there with aqueous, {pirituousy”
oleaginous, faline and metallic Qualities of the
Earth’s, from whence they arofe; and therefore
in different Soils it is plain they muft produce
different Pheenomena, and occafion different Difs
tempers to  Animals, Hence Dew never adheres
to pollifhed Metals in fome Countries, yet in others
it adheres to them, fo as to ruft them daily; and
again in other Places, it adheres to all Bodies
without Exception,

In fome Places the Dew' has been found to af
cend but not to return, being diffipated by fudden
Winds: In other Places it afcends and fettles by
retaining its Heat; and again much greater Quan-
tities afcend than defcend, for the upward Parts
ere drove forward by Winds, which do not 3
affect the lower. | g

The Winds, Rains, and other Inconveniences
render it impofiible to determine the Quantity, of
Dew that arifes every Night or in a Year, and
this muft differ with refpect to the different Soils,
as well as with Refpe@ of the different Degrmel
of Heat in different Countries.

Qily or Homey-dew 1s produced by the violeng
Heat of the Sun on Trees, and Herbs, which emit
an oily Sweat, and rifing as dew, afterwards falls on
Water and makes its Surface appear oily and fat.

This may be feen on Rivers near Places where
there are many Trees planted.

Rain B8
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Rain is a Multitude of Drops which for the
moft Pait fall from Clouds: But in Summer after
calm Weather when the Sun is vmlcmly hot,
{mall Quantities of Rain fall in fmall Drnps
for the great Heat hurries the Vapours upwards
with an uncommon Velocity into cool Alr, where
being quickly condenfed; they return in Drops
without forming a Cload. .

When the Particles of Vapnur that fc:rm z}
Clﬂud approach each ofher fo nearly as to attraﬂ:
each other, they, cohereand form a D(ap,_ which_.
becoming fpecifically heavier than the Air that
before fultained them, falls downward, and meeting
other Drops is united with them, and fo increales
in Magnitude, ill it falls on che Earth.

- When the Parts of a Cloud are changed Equably,
but flowly, fo that the Vapouts unite gradually s
then they will fall down invery fmall Drops; the

- Specific Gravity of which; do but lirtle exceed

that of the ambient Air, and therefore defcend
through it gently, in Form of every thin dewy
Rain called Pfecas; or vulgarly a Scotch Mift ; but
thefe are not very frequent : The like will alfo hap
pen, when the Cloud firft changes its lower Partd,
and pFOEEEdS genﬂy upwards, forin this Cafe thé

Vapours uniting into fmall Drops will defcend
gently, and will come to the Farch in -the fame
Magnitude, as when they lefe the Cloud: But if
the upper Part of a Cloud be firft changed, it
is plain the Drops mult increafe by attraéting Va-
pours, the further they defcend nII they fall in
large Drops. This is frequent; and a ) heavy Showey

has been obferved by fome 1 a Vale; when othérs
x o
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on the adjoining Hill, and in, or under the fame -
Cloud, have found the Shower but light.

Notwithftanding what has been already faid
concerning Rains, yet the Winds feem to be the
principal Caufe of them; for when the Wind
blows downwards upon a Cloud, it thereby forces
the Vapours to unite and to fall in Rain; and va-
pourous Clouds which arife from the Ocean, are
carried by the Winds over terreftrial Regions,
and being dathed againft Hills, or againft other
Clouds, which have been driven in an oppofite
Direction, they are thereby forced into Rain;
for Winds which blow between the Weft and South,
or from either the great #Weflern Ocean, or from
the Atlantic Ocean, are generally produétive of
Rainy but Winds from the Continent, feldom
produce Rain, unlefs they are met with Winds
in contrary Diretions, and then Rain enfues with
us. Thefe Obfervations or Rules for Rain, are
far from being univerfal, for-every Country, from
its own Obfervations, i1s beft able to account for
Rains being produced by this or that Wind.

Since the Atr is infefted with all Kinds of Ex-
halations, and 1s defiled with Salts, Spirits, Oils,
Earths, Metals, &¢. it is plain that Rain in its
Defcent, muft alfo be defiled by pafling through
it, and therefore that it cannot be pure Water;
and that it muft be better or worfe as the different
Soils are from whence the Exhalations arofe, as
well as according to the different Seafons of the
Year ; and becaufe the Seeds of very {mall Plants,
and the Eggs of innumerable Infeés float in the .

Air, they muft be carried down with the Rain.
Hence o
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Hence it is that Greens of different Kinds, ve-
gitrate in Ditches, Ponds, Lakes and Rivers;
and that Rain Water is foon corrupted, by the
Means of innumerable Animalcula, which quickly
die and ftink.

If Rain Water be ever fo carefully clofed in
a Veflel, it will be full of fmall white Spots or .
Clouds, from the Quantity of Corpufcles or Ani-
malcula it contains, which by Degrees increafe,
and the Water will become more opaque. Thefe
in a little T'ime degenerate into athin, ftiff, gluti-
nous Mucus or Muck, which occafions the Water
to be of a ropy Nature.

From what has been faid we may partly account
for Showers of a miraculous and uncommon Nature 3
for the feveral Exhalations came down with them
as they fell. Mofes (in XIX Chap. of Gen. and
24th Verfe) tells us, it rained Brimftone ;3 and
Seheuch Zerus relates, that in the Year 1677, there
was a yellow Rain fell near Zurich, which was
found fwimming in the Form of Powder upon an
adjacent Lake. It was imagined that this Powder
was carried by the Wind from the Pines into the
Air, where it mingled with Rain,

We have had frequent Acounts both from the
Antients and Moderns of Drops of Blood falling
in Showers: But fome curious Perfons upon Exa-
mination found the Drops were full of Red
Infeé&ts.

We are alfo told of a Salt Shower occafioned
by a raging Tempelt at Sufflex in England : (Philef.
Tranf. No. 289) for the Sprays or extream Drops of
the Surges of the Sea, which arofe from its being

X' dathed
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dafhed agamft the Rocks, were carried a loft in

the Air, and fell on the adjoining Lands.

,. Hencr: thercfore it is, that after a Shower of
Rain, we plainly difcern the Air to be pure and

granfparent fo that very diftant Objets may be

{een clearly and d:ﬁmﬂiy ; and that the Colours of

’Plants are then moft bright and beautiful, and _

that the vegitable and animal World feem to bt:
renewed by the f:cfh vivifying Air.

Though Rain falls from high Clouds, yet it
does not come to the Earth with fo great a Velocity
as may be expe&ed by the Law of Grayitation,
'Oll Account of the great Refiftance of the

\ir. This is fo ordered that tender Plants may
not fuffer by the Dmps, ‘Whl{:h mh:rwd‘rz would bc
dcﬁrnyed |
" Rain is of Ufﬁ'g to moiften and foften the Earth
'whlch is dried up by the Sun, and thereby it
he;nmes fruitful by nourifhing all Kinds of Ve-
g:tal}lvzs,t it wafhes and cleanfes LhE.' Air, from
filthy Exhaiatmns and from the hurtful or ufelefs

EfPlratl(ﬂ of Animals: It cocls the Air that
1s near the Earch, by falling from higher and
gooler Air: It is the Origin of I*Gunl:ams Sprmgs
Brooks, and th{-:rr:fc-rﬂ of Rivers, ‘but not thke only
Caull, for the Vapours cocling in the Night
umte on the Surfaces of Mountains, and convert into
Water, which diftilling downwards, fupplies Springs
and Rivers with an m-::redlh!e Quantity of Watn‘:r.

A Water j;z:am m‘ Whirl- pook is occaﬁnned b}r two
Wmds bluwmu n {'ﬂppﬂﬁtt DIIL&IOHS, whlch do nﬂt
meet with, or touch each mher, but leave a Calm

Ec:wrsﬁn thegn Squ Wmds whirl a Clcrqd abc-uu;
,,,,,, | Ehal;

N
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that falls between them, condenfe it and roll it
into a cylindrical or conical Form, which defcends
by its Grﬂ?lt}?, but its Bafe ftill adheres to the
remamlng thick' and black Cloud, and its Vertex
1s downwards, Water-fpeuts are of wery d!ﬁ’trent
thickneffes, fometimes they are more than 50 Fa-
thoms, and at other Times not of above 4 or
5 Fathoms.
Water-fpouts have been found to be empt}' with-
in, the Parts receding from the Center, by the
entrifugal Force, and the Particles which fly off
from the external Surfaces form Rain. They are
hurried over Sea and Land. When they are over
Sea thf:y fink almoft to its Surface, and then by
the Preflure of the ﬂtmﬂfphere Part of the Sea
Water rifes into the Middle of them, where the
Air is rarified by the centrifugal Force of the
Water; and light Bodies are feen to rife through
the Middle of them. Now becaufe about the
arlﬁng C{}lumn there is a vaft Quantity of the
Water of the Spout falling on all Sides with Vio-
]ence on the Sea; it exhibits about the Surface of
the Sea, the Appearance of thin Rain, fo that
the Sea feems to rage and foam. Wherever a
W hirl- pan] fettles; it ftrips the Ground, deftroys
and bedts down evcxy Thing in ll:s way, as Build-
ings, Trees, Ships, &fc. with more Violence than
the moft rapid Winds; fending forth a Noife
nearl}r refembling that which is made by a Mul-
ritude of Carnages rolling over Pavements, which
does not ceafe till the CIﬂud is quite fallen down,
The greater the Spout is, the fooner it is {pent,
ﬂ.nd the Continuance of any of them is but {hr:-lrr,
thatl
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that is, they are not of fo longas of an Hours
Duration.

‘Immenfe Quantities of Water fall upon the
Earth when a Cloud breaks, fo as to overflow
it with immoderate Showers. Indeed when Clouds
are fqueezed together by Winds, meeting in op-
pofite Direétions, or when Winds drive the Clouds
with Violence againft Mountains, the Clouds break
and fall in heavy Rain. Hence Rain is more
frequent ‘in hilly or Mountanous, than in flat
and champain Countries.

Hoar-froft is a light Dew or Vapour which iffu-
ing out of the Veffels of Plants, and from the
Earth is foon condenfed by the cold Air in the Win-
ter, and being changed into Ice, covers the Face
of the Earth and all Things on it that are low.

Hail is nothing elfe but Drops of Rain which
are frozen in their Paflage through cold Air,
and become hard Bodies; and juft as Drops of
Rain differ at different Times in their Maﬂnttudc,
fo do Hail-ftones alfo differ in their Size.

Hail-ftones are feldom in the Form of a per-
fet Sphere, but are for the moft Part flattened,
comprefled, full of Angles, concave ; and they
are generally fo, if the Wind blows hard ; for they
by unequal Preflure comprefs the Drops of Rain
and reduce them into various Figures, which they
retain after Congelation, or being frozen.

Sometimes Hail is foft, and its Surface is as
if it were fprinkled with Meal: But  this being
fmall foon melts, becaufe it falls when the Sky
1s calm, moift, and warmifh.
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Hail has often a white Nucleus or Kernel
in its Middle, which is not tranfparent, but vpaque,
being covered with a hard tranfparent Shell,
This Nucleus feems to be firft produced, and
falling into a Drop of Rain is f{urrounded by it
and turned into Ice. This Kind of Hail generally
falls in a Mixture of Rain.

Hail fometimes puts on very different Figures,
and again every of its Stones or Grains is of the
fame Figure, which is either pyramidical, half
round, full of Angles or fqueezed flat; this feems
to be occafioned by Exhalations, which are of a dif-
ferent Nature mingling with the Drops, and being
turned into Ice, affume different Shapes and €o-
lours; but being of the fame Nature will be of
the fame Figure,

Snow is a Colle@tion of long flender Drops of
Vapour, which falling from a Cloud and being
congealed, meet each other, and compofe various
Fleeces of various Magnitudes. Indeed the various
Forms of Fleeces are truly wonderful; fome be-
ing irregular, and others for the moft Part being
of a regular Form; fome are like Spikes croffing
each other; others are of a pentagonal or hexago-
nal Form, with beautiful Branches ifluing in great
variety from their Centers; others reprefent the
Leaves of Flowers; and again, others are in the
Form of Stars. Thefe Differences feem to depend
vpon the Exhalations, beingmingled with Vapours,
which in falling from a Cloud aie congealed ; as
Salt diffolved in Water may be cryftallized into
various Figures; for otherwife it would be diffi-
cult to conceive, how all the Fleeces fhould be

fermed
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formed in the Air at fome Times, of the fame
regular Figure.

Snow juft fallen is gﬁerally very rare, but Iarge
flakey Snow is not fo rare; becaufe a Quantity
of the latter, will yield more Water than a like
Quantity of the former,

If after a great fall of Snow, a Freft ¢comes on
and continues with ferene Weather, the Snow will
by Degrees fubfide, and continually decreafe by
Evaporation, ’till at length it vanithes into Adir:
For the folar Heat continually foftens and melts
1t, and making the diffolved Parts volarile, thus
confumes it.

The Fleeces of Snow that fall while a Froft con=
tinues are always lefs than thofe that fall in war-
mer Air: For as the Air becomes warmer {ome-
times Snow and Rain fall together.

Snow is very white and reflects the Light ftrong-

. ly, though every Particle of it is tranfparent lce, -

of which we are confirmed by viewing it through
a Microfcope. But becaufe there are very irre-

gular Poies between the feveral Spicula or Dartsy
the Light cannot pafs through them, butis ftrong-
ly refleCted, as if it were tranfparent Glafs beat

to Powder,

Snow preferves the Herbs in Wmter, by eover.
ing and {ccuring them againft the inclemency and |
and feverity of the Froft, and fupplies Brooks and |
Rivers: If a fudden Thaw fucceeds a grear fall =
of Snow, the Snow-waters from the Mountains
fwell the Rivers, fometimes fo as to overflow the
adjacent Lands, and to do much “Damage, by =

fweepmg“
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: ffwceping away Cattle, Corn, Mills, Bﬁdges or

whatfoever elfe happens to be in its Way.

~ An Iris or Rain-bow appears when the Sun fhines
at the Back of the Speftator, and at the fame
Time there is a dark Cloud before him, with
Rain falling between him and the Cloud.

- Sometimes two or three Rain-bows have been
feen together, concentric to each other. The in-
ternal Bow, which is meft lively in its Colours is
called Primary, the external being more languid,
is called Secondary; if there is a third it appears
extreamly languid.

The Order of the Colours in the two Bows is
inverted. In the primary counting from the
inward Part of the Bow, they follow in this
Order; Violer, Purple, Blue, Green, Yellow,
Orange, Red; and in the fecondaty Bow, begin-
ing from the infide as beforey, you will have Red,
Orange, Yellow, Green, Blue, Purple, Violet,
being the Celours that are exhibited through a
glafs Prifm as before.

Fig. 75. That the primary Iris may be under-
ftood, let a Drop of Rain be reprefented by
BNFG, upon which let AN a Ray of the Sun

fall, which 18 refrafted at N to F, where let it

go out of the Sphere by Refraétion towards V,
or be refleéted to G, from whence let 1t go out

by Refraction towards R, or be reflected to H,

and there let it go out by Refraction towards S,
and cut the incident Ray in Y: Let AN andRG
be produced till they meet in X,

Parrallel ¢o the incident Ray AN, draw the

Diameter BQ, and let BL. be a Quadrant next

& the
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the Sun, upon which let us fuppofe many Rays
to fall parallel to AN or BQ: As the Point of
Incidence removes from B towards L, the Angle
AXR, which is contained by the Rays AN and RG;
will increafe at firft, and then decreafe ; and on
the contrary, the Angle AYS will firft decreafe
and then increafe. ;
Let N be that Point of the Quadrant BL on .

which, if the incident Ray falls, it makes the
greateft Angle poflible with the Ray RG, which
emerges after one Refle¢tion: Then all the Rays .
that fall a little on each Side of N, and go out
after Refleétion, will emerge parallel, or nearly
paralle] to GR ; but thofe that fall on the Quad-
rant, at greater Diftances from N, though they
are parallel before their Incidence, will diverge
after their Emergence. Therefore if an Eye be
placed in the Direttion of the emerging parallel
Rays, a diftinét Image of the Sun will be feen
in the Drop, but if it be placed amongft the di-

verging Rays, it will not appear in the Drop.
Again if N were that Point of the Quadrant
upon which if the incident Ray AN falls, it makes
the leaft Angle with the Ray HS which emerges
after two Refleftions: Then as before, all the Rays
which fall near N, will after two Reflections emerge
parallel or nearly fo, and will exhibit the Suns =
Imagein the Drop, to an Eye placed in the emerg-
ing Rays ; but thofe which fall at a2 fenfible Dif~ |
tance from N, will, after two Reflettions, emerge
with diverging or fcattering Rays; which are too
feeble to fhew the Suns Image'in the Drop, to
an Eye which is placed amengft them. b
ﬁf Now

o
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Now, becaufe Rays of different Colours have
different Degrees of Refrangebility, the greateft
Angle AXR, which can be made by the incident
Rays, and thofe that go out after one Refleion,
will be of different Magnitudes, in Rays of diffe-
rent Colours ; and the fmalleft Angle AYS that can
be made by the incident Rays, and thofe that go
out after two RefleCtions, will alfo be of different
Magnitudes in Rays of different Colours ; and it
has been found, that the greateft Angle AXR is

42 Degrees and two Minutes in Red Rays, which

are leaft refrangible, and the leaft Angle AYS is
50 Degrees and 57 Minutes; and that the greateft
Angle has been found tu be 40 Degrees and 14
Minutes in Violet Rays, which are moft refrangi-
ble, and the leaft Angle is 54 Degrees and 7 Mi-
nutes.

Fig. 76. Through O the Spe&tators Eye, let
OP be drawn parallel to the Suns Rays, and let
POE be an Angle of 40 Degrees 17 Minutes,
and POF an Angle of 42 Degrees 2 Minutes;
POG one of 50 Degrees 57 Minutes, and POH
one of 54 Degrees 7 Minutes ; if thefe refpective
Angles be turned about on their common Side OP,
they will defcribe the Verges of the two Rain.
bows AFBE, and CHDG.

For the Drop E, and all thefc in the concave
Part of the leffer Rainbow, whofe Ahgle POE
is 40 Degrees 17 Minutes, being the greateft An-
gle in which the moft refrangible Rays, can after
one Reflection be refradted to the Eye, will
ftrike the Senfes with the deepeft Violet Colour,
in that Region. And the Drop F, as well as all

X 2 the
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the other Drops, which are on the convex Part
of the lefler Rainbow, whofe Angle POF is 42
Degrees 2 Minutes, being the greateft Angle in
which the leaft refrangible Rays after one Reflec-
tion meet the Eye, will firike the Senfes with
the deepeft Red Colour in that Region: There-
fore all the intermediate Drops between E and F,
or between the Concave and convex Parts of the
lefler Bow, will exhibit all the intermediate Co-
lours between Violet and Red ; fo that from the
‘infide to the outfide of this Bow, which is the
primary Bow, they will be in this Order, lett,

Purple, Blue, Green, Yellow, Orange and Red.
Again, the Angle SGO which is equal to’ POG,
being an Angle of 50 Degrees 57 Minutes, and
being the leaft Angle in which the moft refran-
. 8tble Rays, after two RefleCtions meet the Eye;
the Drop G, and all the other Drops which are
on the infide of the greateft Bow, will ftrike the
Senfes with the deepeft Red in that Region. © And
the Angle SHO, which is equal to POH eof 54
Degrees 7 Minutes, being the leaft Angle in which
the moft refrangible Rays after two Reflections,
fhall meet the Eye; the DropH, and all the other
Drops, which are on the convex Part of the greateft
Bow, will ftrike the Senfes with the deepeft Vio-.
fet in that Region. Therefore all the interme-
diate Drops between G and H, and all the other
Drops that are between the infide and the outfide
of the greateft Bow, will exhibit all the interme-~
diate Colours between Red and Violet; fo that
the Colours of the fecondary Bow, counting from
- - the



EKPERIMEHTAL PHI LOSOPHY.  §6 5

the 1nﬁde, will be in this Order, Red Drange,
Yellnw, Green, Blue, Purple and Violet. -

Thus then there are two Bows, a primary and ,
a fecondary one, in which the Order of their Co-
lours are inverted ; the Breadth ef the Pr:maryr
will be 1 Degree and 45 Minutes, and that of the
Secondary, will be 3 Degrees 10 Minutes; and
the Diftance between the Buws, wﬂ] be 8 Degree!
55 Minutes.

Hence it muft be abundantly manifeft, that a
greater or lefs Portion of a Bow muft appear, ac-
cording to the different Height, both of the Sun
and the Spectator above the Horizon. For if the
Spe¢tator and Sun be both in the Horizon, OP
will be parallel to the Horizon; but as the Sun
afcends, UP will be deprefled, and therefore the
Center of the Bow will be below the Horizon, and
eenlequently a lefs Portion of it can be feen: But
when the  Sun is 42 Degrees 2 Minutes high, the
Line OE will be parallel to the Horizon, and then
but a very fmall Part of an Arch of the Bow will
be feen abave it; after which if the Sun afeends
but a !1ttie, l:he whele Areh or Bow will va-
n1[h |

- If Rain paffes over the Head of a Speftator,
who is in the Middle of a Plane, in its Progrefs
many Drops will adhere to Grafs and other Plants,
and the Legs of the Bow will then feem to cover
a large Tra&t. For the Suns Rays are as well
refratted by thefe Drops, and under the fame An-
gle, as if they were any other Part of the Bow,
tha: is equ:dﬂ’tant from the Spectator.

Seeing
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Seeing therefore that every Part of a Bow
that is equidifiant from its Extreams, as. well as
the Extreams themfelves; can only be feen under
the fame Angles ; it muft neceflarily follow, that
a Bow will either appear to move before a Perfon
who goes forward, or to follow one who goes
from i, :

The Colours of a Bow are more or lefs intenfe,
as the Cloud before the Speétator is more or lefs
opaque.

In the like Manner the Lunar Iris may be ex-
plained, which though very rare, may be obferved
about the full of the Moon when it rains; it Is
plain that the Colours of this muft be as much fain-
ter than thofe of the Solar Iris, as the Rays of
the Moon are fainter than thofe of the Sun.

We have fhewn that a Bow is equally broad
quite through its whole Extent, as it really is;
notwithftanding its interior Legs appear broader,
and its Top narrower: And hence the two con-
centric Bows feem to be more diftant at their Top,
than they are between their Legs: but this is only
the Imagination of the Spe¢tator.

Halo’s or Crowns are luminous Circles, fome-
times white, and fometimes coloured as a Rain-
bow, which furround the Sun, Moon, Planets,
and fome fixed Stars; of which one, or more
concentric to it 1s feen: Thofe about the Planets
or Stars, or even about the Moon, are not far dif-
tant from the Bodies themfelves, their Diameters
being from 2 to 5 Dtgn:ﬂs; but thofe about the

Sun are feund to vary in their Diameters from 12

to.
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to 9o Degrees. The Breadth of the Rings and
their Diameters are {ubjeét to many Changes.

T'he intermediate Space between the Luminary
and the Crown, is always of a lefs Degree of
Brightnefs than the Crown or Circle icfelf; and
the Colours of the Crown are more faint and dilute
than thofe ef a Rain-bow, and {ucceed one another
mn a different Order according to the differeng
Breadth of the Crown. In thofe Rings Sir Isaac
Newton obferved, that the Colours in the inter-
nal Ring, were Blue within, White in the Middle,
and Red without; and that thofe in the fecond
Ring were Purple, Blue, Green, Yellow, Pale-
red ; and chat thofe in the third Ring, Pale-blue
and Pale-red. |

That Part of the Atmofphere which is near the
Earth, is the Caufe of thefe Crowns. For our
Minds are deceived in falfly judging or fuppofing
the Crowns to be about the Stars themfelves,
which have either no Atmofpheres, or fuch as are
but very fmall; befides, the Crownsare feen but
by a few Obfervers at once, and feldom at the
Diftance of two or three Miles; they break and
difperfe as the Wind rifes, and are only colleéted
in calm Weather when the Air is ftagnant and {lug-
gith, and when the Heaven is covered with a thin
Cloud.

If in cold Weather we make a fteam of hot
Water to rife between the E}re, and the Flame
of a Candle, a Kind of a Crown will be feen in
the Steam. Hence it is feen in Baths about a
Light. If Airbe readmitted into a Glafs Receiver,
and a Candle be fet beyand it, a Crown will be feen

9
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to be about the Flame with feveral Colours:
Wherefore Crowns in the Heavens are produced
after the fame Manner of fome of thefe aruficial
ones.

This may arife either from Light paffing
through the Particles of Vapours, and being twice
refracted ; or by Light running between the In-
terftices of Vapours, and being infle¢ted by the
attralting Forces, are thereby feperated into Co-
lours, But the former Caufe feems to be the more
probable of the two. _

Thefe Crowns are neither Prognoftics of Wind,
Rain, or Storms being at Hand, as Doftor Mufs-
¢benbroek afiferts from his own Obfervartions.

Parbelii or Mock-funs are Meteors which refem-
ble the Sun, and are feen with it and near it;

Their Number varies, for from one to {ix of them
have been feen at a Time,

The Parhelii feem to be of the fame Magnitude
with the Sun, but they are not always round ; and
though they fometimes feem as bright as the Sun,
yet they generally are more faint, and if there are
many of them to be {feen at one Time, fome are
more dull and pale than others. Their Edges
are tinged with Colours like a Rain-bow, and
many of them have a long Tail of a fiery Co-
lour, which becomes paler as its Length becomes
greater ; and others are without a Tail, or have
the Tail extended in a white horizontal Circle.

The Parhelii are for the molt Part attended by
Halo’s or certain Circles, of which fome have
the Colours of the Rainbow, and others are white 5
and thefe vary both in Number and Magnitude,

havipg
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Raving the fime Breadth and apparent Diameter
of the Sun: And thete dre fome coloured Circles,
which furround the Sun itfelf, that is, placed
in their Center, whofe Diameters vary from 45 0
9o Degrees; the Planes of which are perpendi-
cular to right Lines drawn from the Spectator
through the Center of thie Sun; therefore their
Situation muflt vary, according as the Sun is high
ér lew:

The more lively the Colours of the Parhelii
appear, the mofe languid will be the Light of
the Sun: There® ate befides thefe Circles, ochers
which are parallel to the Horizon; of which the
external one that comprelienids all the reft; as well
as all the Parhelii is white. Hevelius {aw one of
thefe, whofe Diameter was 130 Degrees. The
other Circles which wete concentric to this large
one, were here and there tinged as they paffed
over the former coloured ones. Again there weré
alfo other Circles fituated obliquely; in refpedt
to thefes fome of which being tinged, had the
Order of their Colcurs, the fame as in the Iris
bur the inward Part next the Sun, is of the red
Colour:

Parhelii have been feed from a Quarter to an
whole Hour or two;, when the Elevation of the
Sun has caufed them to vanifh.

Becaufe that the coloured Citcles or Crowns, which
encompafs the Parhelii, are in the Air: That the
Parhelit never appear but when the Heaven is
covered with a thin tranfparent Cloud: That in
as niuch as the more lively the Colours of the
Circles arey by {o much the Light of the Sunitfelf

Z is
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is diminifhed : That finding thefe Parhelii cannot
be feen at two Places that are but of a very {mall
Diftance at the fame Time: That becaufe they are
generally obferved in Winter when there is Froft,
and the Wind at or near the North: And that when
they are cver, either Snow, Hail or Rain follow s
therefore they muft be only in the Atmofphere
of the Earth.

Seeing the Parhelii do not always produce the
fame Phcenomena, their Caufes may be fimilar,
though they may not be exaétly the fame, there-
fore we thall thew that fomething muft be changed,
when Circumftances vary.

Let us {uppofe Spicala or Darts of Ice, fufpend-
ed in the Air, which are perfeCtly fine and Cylin-
drical, and let thefe begin to melt before the Sun,
fo that the middle Part be not yet melted, and
that the melted Part may form a {mall globular
tranfparent Drop, at the Bottom of the Dart,
which will adhere to it for fome Time, and caufe
the Dart to floar ereét in the Air.. Now it is plain
that when thefe Darts hang before the Sun, they

muft intercept Part of its Light, and therefore he

will be lefs refplendent than in a clear Air;
and Part of the Suns Rays will be refleéted by,
and others will be refracted, and pafs forwards

through them, and will form the white Circle |

before defcribed, in that Part of the Atmofphere
which 1s Horizontal with the Sun.

If then we conceive thefe Spicula in the white

Circle, it 1s plain that many Rays will be tran{-

mitted to a Spetator by the Spicula that are '1

placed between him and the Sun, and*there will

be

R
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be a certain Place, in which the Spicula will fend
the refracted Light to the Spectator in the greateft
plenty. This occafions a Mock-fun to appear
inthe white Circle ; which may be refleéted by the
hinder Part of the Spicula, and be feen again in
the white Circle €¢. and fince the neighbouring
Spicula’ always tranfmit fo much the lefs Light,
as they are more remote from the Sun ; therefore
a thining Tail will feem to adhere to the Parheli,
included in the white Circle. And becaufe of the
lateral Rays that are refrated into Colours, the
Parhelii and their Tails will be feen with coloured
Edges, and the Tails will become leaft refulgent at
their Exrtemities.

The Parhelii will {feem to be in Labour and
to loofe their Brightnefs upon the leaft Motion of
the Air. He that is defirous to be fully inftruéted
in the Theory of Crowns and Parhelii, may con-
fult Dr, Smith’s Optics.

Parafelene, or Mock-moons, alfo appear about the
Moon with like Tails and coloured Circles as now
mentioned in the Parhelii. Their Caufe without
Doubt is analagous to that of the Parhelii, and
their Pheenomena may be explained in the fame
Manner. '

Virge or luminous-Streains {eem fometimes to
be emitted by the Sun, through the Clouds,
which extend in a conical Form, as far as the
Farth. . They are generally feen in an Afternoon
after hot Weather, They fhew themfelves when
the Clouds prevent us to fee the Sun, but the
thin and diftant Rays are direéted to the Earth,
through the narrow Interftices of Clouds, Thefe

Z 2 Rays
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Rays meet the afcending Vapours, and being
viewed iatera!]y affect the Sight, in the fame

Manner, as when th: Sun-Beams are admitted
thmugh a H'D]E in a Windew-fhutter, into a
clofe Room ; we fee feveral Corpufcules or little
Bodies ﬂuatmg up and down, and meeting each
other in all manner of Direftions. But when
thefe Ra s which are thus reflected by the Corpuf-
cules, are viewed ﬁdeways, they appear in the
Form of Virge.

| Hawng thus explained the principal of the

watry Metf:nrs, we prncecd now to the ﬁf:ry
olcs
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s

C:H A P, VHIL

Of fiery METEORS V22,

Of the Aurora Borealis, Ignis Fatuus, Lam-

bent Fire, Bolis, ‘.Tbuﬂdfr, and ngﬁrz‘mﬂg
&e.

IERY Meteors either emit a faint or rather
Fa thining Light, or they dart out a bright
Light and burn, Te the firft of thefe belong
all Species of the Aurorz Boreales, and to the latter
Thunder, nghtmng, and fuch like ; and of thefe
in their Order.

The Aurora Borealis or what 1s vulgarly called
the flathing Northern Lights i1s no new Meteor
| for ithas been defcribed by Ariffotle, Pliny, Seneca,
and others after them. They are not {o frequent
to thofe who are remote from the North Pole,
as to others nearer toit. And tho’ they have
not always the fame Appearances, but very dif-
ferent ones, yet they are generally in this Man-

{ ner.

A Cloud is found to appear either in the North
or in the North-Eaft, or North-Weft Parts of the
Heaven, which either lies in the Horizon or is ele-
¥ vated above it a few Degrees, feldom fo high
4 as 40; or elfe the Cloud is feperated from the
Horizon, fo that a blue Sky can be feen between.
The Length the Cloud poffefles is very variable,

fometimes
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fometimes taking up but 5 or 6 Iiegrees, and
again extending as far as roo or more.

The Cloud we here mention is white, and

not very bnght, but oftner thick and dark : It’s
upper Limb 1s for the moft Part parallel to the

Horizon, yet it is fometimes a little higher in the
Middle than at the Sides. Sometimes to the up-
per Margin of the black Cloud a white and bright -

L.imb has been obferved to adhere, that 1s concen-
tric to it ; and this lucid Limb has been obferved

to adhere to the Jower Margin of the black Cloud,

when one black Cloud was higher than another.
The black Part has been obferved to change into

a white fhining Cloud, after the Awurora has

thined for fome Time, and has thrown out many
flathing Streams; and it then has returned to it’s

tormer Opacity. And though the Heaven appears

brighter above the upper Limb of the Crown,

yet this ‘Brightnefs is feon changed, by bemg

either increafed or diminifhed.
From the upper:Limb, more or lefs Streams
of Light are emitted near one another which are

very bright ‘and fhining ; or they are thining Jets

of Fire that become rarer, broader, and lefs fhining,

the farther they proceed. When one Jet is dying

away, another iffues out of the fame Limb, which
is not fo bright, fomething like Smoak. This
again 1s foon followed by a brighter, which in

breaking forth, feems to be choaked or interrupted

by fome Imp&dunenr, and therefore gufhes' out
at Intervals.
This luminous Matter is exploded with great

Rapidity, and often increafes flowly by Degrees
with

'I._ ¥
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. twith an equable Motion, and becomes the wider,
as it continues to rife from the Aperture 1n the
Cloud. Some Jets continue only for 10 or 20
Seconds, and others for 4 or 5 Minutes; but
this is not ufual; nor are Streams which adhere
to the Cloud, with a wider Bafe and mount up-~
wards in a conical Form.

There are Columns which cannot be feen to
iffue from a Limb, and therefore feem to be pro-
duced from ferene Air. Some Columns are per-
pendicular to the Horizon, others are obliques
others are Arch-ways; and their Lengths are
very different: Some fhoot from the Cloud with
fo great a Rapidity as to carry them to the Zenith,
or Point of the Heaven which 15 over us; and
again, others with a Rapidity ftill greater, which
will carry them far beyond the Zenith, almoft to
the South. They do not always afcend to ths
Zenith dire@tly out of the Cloud, but they are
inclined, efpecially if an illuminated Cloud be
fuppended in the Middle, between the North and
the Eaft, or Weit.

The lucid Columns contain a white Light, red-
dith, or blood Colour.” \As they advanece the Co-
lours change fo as to refemble the Iris. When
feveral which are emitted from different Parts of
the Limb meet in the Zenith, they mingle, and
form a pretty thick Cloud or Mift, which prefently
taking Fire, burns furioufly, and {preads a green,
blue, or purple Light. New Columns foon fol-
low thofe that went before and vanithed, and
fometimes they will defift for a few Minutes, be-
. fore new ones are produced. The lucid Columns
are
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are fo tranfparent, that Stars of the firft and fecond
Magnitude are feen to fhine through them : Indeed
they may be fometimes feen through the Limb
of a white Cloud, but very feldom through a
black one. No fooner feveral Columns are dif-
perfed infenfibly in the Sky, but others often break
forth in thofe Places, where the former ceafed.

= .--‘ﬁl.l-

They are fometimes carried in little Clouds, from

North to South; therefore after the Meteors
ceafe, great Part of the Sky is filled with thin
Clouds.

There will fometimes ifflue from a Cloud with
great Rapidity, a very thin fhining Matter, which
will not obfcure Stars of the fixth Magnitude.
This fhining Matter comes by Fits, and is more
opaque in afcending than in defcending, and is
thought to be what the Antients called the Cepra
Saltens or the dancing Goat ; it moves in a Very
broad Trat, and extends itfelf far beyond the
Zenith. Little lucid Clouds have been feen to
break from the Limb of the fhining Cloud, and
have been carried away from North te Sﬂur.h with-
out any Streams of Light.

All flathing Calumns do not feem to iffue from

a Cloud ; for when the whole Horizon is fhining

with very bright Light, fhort lucid Columns will
be feen to rife therefrom. This may be occafioned
by the Cloud~which is the Source of Light, being
fufpended a little below the Horizon ; or it muft
be fo fmall and thin, that it cannot be perceived

by the Eye.
This Meteor fometimes appears for aN:ght,
and fometimes for two, three, or more Nights
| fucce-."'ﬁveiy.
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fucceflively. It has been obferved in one Place;
and has not been feen from another, of but a few
Miles Diftance. Sometimes there is fo great a
Quantity of it, that it has been f{een almoft ovet
all Europe in one and the fame Time ; yet ih diffe-
rent Countries it is feen with very different Cir-
cumftances: Some Aurore are but of a few Minutes
continuance. y pale 21550

The Cloud which is the Soufte of this Meteor
continues unchanged for many Hours; and neicher
feems to rife above, or tofall towards the Horizony
yet it fometimes moves from the North towards
the Faft or Weft, and fometimes from the North
to the Eaﬁ: and Weft. 1t has been feen to afcend
above the Hunmn, and to be converted into a
white fhining Cloud. i 0%

This Aurora does not forbode any bad Weathet;
or dire Calamities; as it is vulgarly fuppofed to
do ; for upon the fricteft and moft critical Ob-
fervan{}ns, nelth:r changes of Winds or of Rains;
of Heat or of Cold, of moift or of dry; either
prefage the:r coming; or are prefaged by 1t ; nor are
they the Sign of Difeafes of of Wars;

That tf‘nt Aurora Borealis 1s in the &tmﬂjpheré
of the Earth, may be thus proved.

Since it appears in the form of a Clond, wkich
is like thé other Clouds in the Htmﬂfphﬁ're ; fince.
the flathing Cloud eontinues at the fame Height
above the Horizon for many Hours of Days, and
therefore revolves about the Eareh’s Axis; mgrthtr
with the Earth and the feit of the Atmofphere ;
and fince the Aurgia is not feed id two different ]
Places at the iame Time, which are buta few Miles

A a Dxﬁa:ncf
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Diftance; it manifeftly follows, that it muft be
within the Atmofphere of the Earth. |

The Diftance of this Meteor from the Surface
of the Earth, has notyet been determined, though
often attempted by very good Mathematicians.
For we are not certain that it is the fame Light
that is feen from different Places at the fame Time;
if we were, by having the different Angles, under
which the Top of the Cloud is feen from any two
Places whofe Diftance is known, we could eafily
determine its Diftance from either.

Though the Matter of the Aurora is a Fireof
fuch a Nature, as to produce fo clear a Lights;
that Stars may be feen through it; yet who can
pretend to affign it’s Nature and Properties with
fafety ? Chemifts can give numberlefs Specimens
of inflammable and Phofphorean Matter ; and Na-
ture has fhut up many others in the Bowels of the

Earth, which Art cannot arri d‘““"‘*‘"’*’ﬁf{
; ife . +8 77
The Matter of the Aurdrd fecms to expire from

the Bowels of the Earth, out of the Northern
‘Quarter thereof: They have been more frequent,
and have been found to extend farther than before
the Year 17163 for it’s Nutriment may have found
its Way, by Means of an Earthquake, and when
this is confumed, they will perhaps ceafe tor many
AGesr 7 - /,?-‘?’Ff,;f""y:’;ﬁ?fﬁ};fyz i

is perfpiring Matter alcends, and compofes one :
or more Clouds, which are carried over different
Regions, and will not be inflamed till it meets
with other Matter, from whence a hot and fiery @98
Efferveicence, Steam, or Fume arifes, of which ma-

ny have been difcovered by Art. If then a Cloud
?'”””’f//ffﬁ; i confifting

AL L P’;-? ,;;,,,,,7
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confifting of this perfpirable Matter, be carried

- from the North whence it had its Being, by a

Northerly Wind te other Diftant Regions, and
there meets with Exhalations, with which it
will caufe an Effervefcence ; it will be inflamed

_in that part: Therefore a Spetator who is to the

South, or to the South-Eaft, or South-Welt, of

~ the Effervefcence, will have the Light to the
= North, or to the North-Weft, or No:th Eaft of

ST

him, burfting forth into Streams and Columns
varioufly fituated with refpeét of the Horizon,
and of various Colours; as different Exhalations
mingle with the effervelcent ones.

The Cloud out of which an Awrora rifes may
continue immoveable for fome rime in refpeét to
the Horizon, if it be carried with -an equal
Force from the North towards the South, as that
with which the Exhalations are carried from the
South towards.the.North, And many :of its Pha-
nomena feem eafily explicable, from Sources which
may not be far from Truth. Perhaps the Matter
it felf by falling from the Sky, may furnith an
Opportunity for Examination; or Art may pre-
pare fomething like ir, by which: it may be
known; or its native Place may be difcovered
in the Surface of the Earth. The Lake Weter
in Sweden, {ends forth a Matter not unlike it.

A fmall fiery Ball refembling a Star, ‘and of
the fame apparent' Magnitude is often feen to

ﬂmnve through the Atmofphere in a clear Sky,

and to fall on the Earth; and it is called a Shoot-
zng Star, or a Falling-Star.

Aa 2 ‘ ; 'Thg.ﬁ:
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Thefe are generally obferved in Sprmg and
Autumn_ in the Nrght ﬂn[y ;. and it is not impro-
bable that they float in the Atmofphere and’ fali
alfo in the Day, though of this we cannot be
certain, on account that the L]ghr. of the Day
Obfcums them

They are feen on the Earth to confift of a
ftif and clammy Matter, of a waterith Colour
inclining to Yellow, and covered with black Sputs
and have Points on their Surface fumethmg refem-
bling thefe of a Mariners Compafs; but they have
loft ‘all their mﬂammable Subftance, which when
on Fire run thrnugh the T'radts in the r"s.tmt:ul'phet-c
whf:rcm thc mﬂammable Matter floats.

Thefe Stars may be imitated by Art, thus. If
a Ball made with Camphire, Nitre, and earthy
Mud, macerated with ‘Spirits of Wine, be fet
on Fire and chmwn into the Air; 3 1t will pwfe&[y
rcprefenta Shooting-Star, with a 1|ke remaining
tenacious Dreg. Many other like " inlammable
Subftanccs, are found to be in the Atmni’phere

Thereis a Phanomenon ubﬁ:rved by Sailors at
Sea, jwhn:h is called Caftor and Poltux; it is a
fmall Flamﬁ-, which adheres to the Mafts and
R;ggmg Of thefe f{:menmes two or three may
be feen at a Time. ‘Many Sea-faring Per fons are
fo weak, as to think thar one of thefe nnly 153
bad Ormen, but that two are propitious, denotin

~that the Storm will ceafe. “Thefe are little fhining
1111'}1;:3, which being drove up with the Spraj:s
of the Sea, ddhcrc 1Q whawver thf:y fall on, and
fht:rt: fhine, : |

" R
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Ignis Fatui or Wandering Flres are Phoenomena,
which emit Light, refembling that of Bundles
of Sticks fet on Fire, they are of around Figure

. and are about as large as the Flame of a Candle,

e | e —
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fometimes they yield a bright Light, at other
Times they are more obfcure, and of a purple
Colour, and they fhine leaft when they are at the
lealt Diftance. They are carried through the Air
not far from the Surface of the Earth, and are
moft frequent about Places that are unétuous,
muddy, marfhy, and about Church Yards, and
Dunghills. They are feen at all Sealons of
the Year, but they are moft con{picuous on
dark Nights, and are moft frequent in Winter.
Sometimes they vanith and fuddenly appear in
another Place, and they are generally about fix
Feet from the Ground. They dilate and contract
themfelves very frequently, and move on in
Waves, with Sparks of Fire, but burn Nothing:
They follow thofe that fhun them, and fhun
thofe that follow them.

~ Some that have been catched, have been found
to confift of 2 fhmm vifcous Matter, like the

« Spawn of Frogs, not hc-r nor burning, but only
{1 thining; fo that the Matter feems to be Phofpho-

4

rus, which is raifedand prepared by the Heat of the

¥ Sun, from putrified Plants, and Carcaffes ; which

% being condenfed by the Cold in the Evening, then
A {hmts

S

. 1aIl mere F:E,'tlun

Thefe Fires have been faid to be evil Spirits,
who miflead Travellers out of fpite, to plunge
:Iﬁmfelves into Ditches and Bogs; but this is

T ambent
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Lambent Fire is that which fometimes adheres
to the Hairs of Children, to adult Perfons, and
to the Manes of Horfes, efpecially if they are
well combed.

Thefe Fires are a real Phofphorus, fuch as is
prepared by Art, from the Parts of Animals.
This expiring from the Body, clings to the Hair
with the Sweat, and is inflamed by rubbing
or combing the Hair. Hence fweaty Workmen,
or. foul Linen, will thine by rubbing.

Sometimes luminous Tracts appear in the Air
which move fuddenly from Place to Place, which
fome imagine to be a Meteor. But this arifes
from Flies, which fly by Companies in the Night
Time, and expire a phofphorean Light from their
Bodies.

A Bolis is a great fiery Ball which is hurried
{wiftly through the Air, having generally a Tail.
Some have been obferved as big as the Moon,
and again others, which were but equal to half the
Moon’s Diameter, illuminated the Earth fo ftrongly
by Night, that a Perfon could fee to read by them.
One of thefe as big as the Moon, was found to
enlighten the Earth as ftrongly as a rifing Sun
does; and in it there appeared to be four Gulphs,
which emitted much Smoke, and many little
burning Flames were feen on the Ball. les Tail
was {even Times its Diameter,

When Balls of this Kind vanifh, a little Ath-
Colour fometimes remains behind in the Air. Some
advance, and fome few appear to ftand fill, yet

they all fhine with a brighter Light than thas of
the Moon,

Ll
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As a - Bolis pafling over Places, leaves a fmell
of Sulphur behind it, we may reafonably fuppofeit
chiefly to confift of Sulphureous and other inflamma-
ble Exhalations, which are fet on Fire by meeting
~ with other Exhalations. The Fluid Matter af-
fuming a globular Form by being in the Fluid
Air.

. Lightning is a fudden bright Flame, which
extends itfelf every Way tc a great Diftance in a
- Moment.

Lightning is feen when the Sky is clear, though
not fo frequent as whenit is cloudy. It hap-
pens after hot Weather, and before Thunder, but
this generally attends it; and it feldom does
Damage to any Things upon the Earth, becaufe
it is in high Air.

The Oil of Plants being attenuated by the Sun’s
Heat, produces Matter for this Fire, and whatever
elfe that is fulphureous or oily, which is difperfed
through the Atmofphere, and is fet on Fire with
it by Turns; and the Flame extends itfelf on all
Sides, asfar as the Exhalations are difperfed. Some
other Kind of Subftances which float in the At-
mofphere, take Fire and flath with the reft.

Thunder is a moft bright Flame which rifes
fuddenly, and moves with a moft rapid Velocity
through the Air, according to its Determination,
For fometimes it runs upwards, again, horizontally,
obliquely, downwards, in Curves, in right Lines,
or in {erpentine Trafts, and commonly ends
with a loud Noife or Ratling,

Thbunder
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Thunder is feldom known with us before Mzy;
nor does it continue after September; but in the
intermediate Months Fune, Fuly, Auguft, itis moft
frequent. It comes from every Quarter ; but
moft frequently from the South Wind, and then
it is very loud ; and almeft as frequent and loud,
when the Wind blows between the South and Eaft,
or between the South and Weft; and moft feldom
-when the Wind blows from the North, or from
between the North and Eaft, or North and Weft:
But thefe Circumftances are only peculiar to
certain Places.

No doubt, Sulphur is the principal inflammatory
Ingredient in the Compofition for Thunder, be-
caufe Places that have been ftruck by it fmell
ftrongly of it. The Colour of the Flame, and
the cracking and roaring Noife that follows it,
thew, that it cannot be Sulphur only; but that
it muft be impregnated with fome other Exha-
lations, which being fet on Fire explode with
a Crack.

Art has difcovered, that Ba{;&m of Sulpbur is
of the fame Nature, when agitated by too much
Fire in clofe Veffels, and ‘then caft out. Such
are Aurum Fulminansy Orpiment, with Nitre and
Salt of Tartar ; Diapheretic Antimony, with Black
Soaps Pulvis Fulminans 3 Iron diffolved in Ajua-
Regia, and mingled with Sa/t of Zartar ; Lead
diffolved in Spirit of Nirre &c.

And we know of many other Things, which
being fet on Fire in a clofe Place, will flafh
with a Noife: As Gunpowder, Arfenic digefted

with Spirit of Nitre; Geoffrey’s Spirit of Nitre
minglad
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fmingled with any diftilled Oil; and ilfo all
Oils and Spirits which are forced in clofe Vellels
by too vehement a Fire.

Nature no doubt rhakes Ufe of miany other .
Exhalations and inflammable Subftances mingled
with - Sulphur to produce the like Effe&ts; and
therefore all Thunder will not be the fame, but
will differ according to the different Exhalations
in differerit Countries.

It is moft certain that fulphureots Steamis exudée
from the Earth into the Atmofphere with othet
Exhalativns .in every Country, Which may enter
the Compofition of Thunder. Gredt Plenty of
Salts float in the Air, efpecially the Matrix of
Nitre, and they impregnate with folphureous and
other Exhalations. Thefe whatever they are, com -
pofe the Matter of Thunder. This Mateer is form.
ed in the Interftices of the Atrhofphere in Traéts
or Trains, which run in all Manner of Direftions 3
fo that when any Part of a Tralt or 4 Train
takes Fire, the Flath dnd Flathe will tun from
one Extream to the other of that Tia&, or as '
far as the Vein of Nourithmient leads. Hence -
the Thunder runs at one Time Horizentally,
then upwards, obliquely, downwards and in all
Manner of Diretions as the Train happens to
lie. If a Train were fet on Fire at its apward End,
the Flame will move downwards, and the Thuns
der will feem to defcend ffom the Sky.

Thunder therefore is obferved to be mof
frequent in thofe Places, where the fulmineous Mafz
ter expires from the Ground, yet thismay be car-
ried to other Cotintries by the Wind, and there

b Bb take
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take Fire. Hence Thunder is much more frequent
in fome Countries than in others, but moft fre-
quent in the hot Countries, whofe Soil is parched
up by the Sun, whence various Oils and much
Sulphur are exhaled. And it happens but feldom
in Places, which produce neither Oil nor Sulphur,
or in Places that are cold, watry, or moift.

The Flame which begins at one End of a ful-
mineous Tra&, in running through, feems to carry '
with it, fome Parts which could not readily take
Fire. When a Quantity of thefe are accumulated
they will in fome Time take Fire, and difplode
with great Violence, and thus the Report or crak-
ing Noife of the Thunder-clap is made; for after
the Thunder or Flafh is ceafed, the Thunder-
clap foon takes Fire,

It feems probable that fome accumulated fulmi-
neous Matter not yeton Fire, form thofe fiery
Balls, which have been obferved to fall on the
Farth in Places that have been Thunder-ftruck.
For thefe have heated f{o afterwards, as to take
Fire fuddenly through their whole Mafs, and by
their Difplofion have done much Mifchief, and
have occafioned great Deflruétion and Defolation
about them. But thefe Balls are not feen every
Time it thunders, for they are either too fmall
or too far off to be always feen, and the Matter
of Thunder isdifferent to it.

Though a Thunder-clap is but a fingle Report,
yet it is often heard for 20 or 30 Seconds, with
a rumbling muttering Noife, by various Repercuf-
fions of the Clouds, Hills, and other Obifticles.
Hence in Vales there are long continued bellowing

Thunder- |
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Thunder-claps ; whereas for one Explofion, it has
been obferved that there is but one Clap. When
more fulmineous Tralts than one take Fire, each
will end in a Clap, and thus feveral Sounds may
be heard together, or may quickly fucceed each
other.

From what has been faid we may perceive.
1. Why it may fulminate and thunder when the Sky
is clear, though this feldom happens, yet the {ul-
phureous Exhalations may always take Fire, as {foon
as they have burft out of the Earth, whether
the Sky be ferene or cloudy.

2. It is plain that Thunder and Thunder-claps
are not always generated in the Clouds, unlefs
fulminegus Exhalations afcend thither ; for Thun-
der has been feen to mount from the FEarth in-
to the Atmofphere. And the burning Mountain
Vefuvius has been feen to emit Thunder; and fuch
Fires are frequent in Mines, particularly in thefe
about Whitehaven. But becaufe Lightning im-
mediately follows a Thunder-clap, it is plain, the
Noife is not in the Clouds, but is excited in
that Place where the Thunder cealed. This is
confirmed by the fulmineous Ball, which excites
a Thunder-clap by its Explofion.

3. Before it begins to fulminate and thunder,
the Sky is generally covered with black Clouds,
which fly in all Diretions before the Thunder
begins, as alfo during the Tempeft; from this
Appearance we prefage the coming of Thunder,
Thefe arife from the Effervefcency, when they
meet with the fulmineous Exhalations, which

expel and condenfe the {cattered Vapours in
the
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the Interftices of the Air, into thick and black
Clouds ; and when thefe are more comprefled by
the inflamed T hunder, they are thickened intp
hard Rain, which generally attends Thunder.

4. The Difplofions of Thunder repel the Air
from about them on all Sides, with great Violence
and caufe a Vacuity, into which the Air again
ruthes when it has recovered its Elafticity. Hence
thofe various Winds and Smrms, which ufually
accompany Thunder.

5. Men and other ﬂmmals are frequcntly killed
by Thunder; either through Terror or dreadful
Apprehenfions which feize them; or they are
fuffocated by the Spirit of the burning Sulphur,
which is a mortal Poifon to all ‘Animals; or that
the Thunder caufes a Facuum in that Place, or
at leaft leaves the Air in it too thin and rare for
Refplrat:on; or perhaps all thefe three Caufes
concur.  Animals that are killed by Thunder,
haye fometimes deadly Wounds and Contuﬁﬂns!
which are confpicuous, but the Caufe of thmr
Death is manifeft,

6. It is not to be wondered ar, that combuftible .
" Bodies are fet on fire by Thunder ; fince Thunder
is a Flame of fulmineous Matter. That it thould
m::it Metals, that 1t fhould rend, beat duwn, pull
up, and cleave .Bodies of any Refiftance. And .
fince Exhalations are found to penetrate through
Wood, Bricks, Walls, @a it is plain that Thun-
dt:r being :much more fubtile, may eafily run
"thrnucrh Koofs, (;mhngs Floors, &#c. If we would |
]muw how far we are dlﬂgm from the Place of

' ExPluﬁon
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Explofion, this is eafily done by what is faid in
Page 106,

Ihunder and Thunder-claps punﬁe the Air of
its noxious inflammable Exhalations ; it moderates
the Heat of the ﬁtmﬁfphn‘:re and the Rain that
falls at that Time, 1s thought to be more fertile
than other Rain,

Earthquakes are produced by {ome fuch Matter as
that of Thunder, kindling and taking Fire, in the
Bowels of the Earth, where there is little or no
Vent, which ru[hmg backwards and forwards,
affects the Earth as it were with Convulfions, and
caufes f{}me Parts of it to fhake.

_ Something refembling an Earthquake may be
made by mixing 1o or 15 Pounds of Sulphur,
and as much Filings of Iron, and making them
into a Kind of Pafte with common Water; this
bemg buried under Ground, will in 8 or 10 Hours
throw out a Flame, and caufe the Farth about
it to,fhake, to-a confiderable Diftance. 3
. Henee we may account for the Fires of Mount
{ﬁ';m;, Vefuvius and other Pulecano’s; for it is not
improbable that certain metalline and fulphureous
Particles were fet on Fire undtr thefe Mountains,
which wanting Vent.burft forth, and continue to
‘burn fo long as they are {upplied with Nourifhment.
And from fuch like Caufes proceeds lhﬂ Heat of
Bath-water, and other hot Springs. :

What has been a[r:ad}r faid in Pages 102, 103
and-104, may fuffice for Airy-meteors or Winds.

CH AT
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C'I"A P. IX

The ELEMENTs of ASTRONOMY,

-{{S‘Tﬂ ONOMY is that Science which ex-
plains the Motions, and Phenomena or Ap-
pearances, of the heavenly Bodies.

The Copernican SyRem of the Univerfe, or
that which is generally received, by the lateft
and moft able Affronomers, fuppofes fix opaque
dark fpherical Bodies called Planets, which have
no immediate Light of their own, but what they
borrow frem the Sun, to perform their Periods round
him at different Diftances and in different Times:
The Names of thefe Planets, and the Charaéters by
which they are exprefied are thefe, Mercury ¥, Ve-
nus $ , the Earth©, Mars & , Jupiterit, and Saturnt®,
Thefe all move round the Sun in Orbits which lie
in Planes that have but a {fmall Inclination to each
other, and thefe Planes cut one another in Lines,
which pafs tthgh the Center of the Sun; there-
fore a Spe@ator'in the Center of the Sun will be
in the Plane of each of their Orbits, and will fee
them revolving round him and performing their
Periods from Weflt to Eaft in their ftated and
appointed Times, according to the Order of the
Letters ABCD, in fuch a Manner as they are re-
prefented in Fig 77.
' | Where
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Where the Sun is placed in the Center of all
their Orbits, and next to him is the Planet Mercu-
ry 8, which finithes his Courfe in 87 Days or about

three Months: Penus ¢ being next in Order, per-
forms her Period in 224 Days and 17 Hours, or

in about % Months; the Planet next in order
beyond the Orbit of Venus is the Earthg, which
performs its Circuit in 365 Days, 5 Hours, 49
Minutes, or in a Year: Next to the Earth is Mars
who takes 686 Days and 23 Hours or about 2
Years to compleat his Circulation 3 then in an Or-
bit vaftly extended beyond Mars, moves Fupiterit
who compleats his Period in 4322 Days, 12
Hours, or in about 12 Years; and laftly, Saturnp
which is very far beyond Jupiter, compleats his
Revolution in 10759 Days and 7 Hours, or in
about go Years. Their real Diftances from the
Sun are nearly exprefied in the Scheme.

This was the ancient Syftem which was intro-
duced into Greece by Pythagoras and his Difciples,
who had learned it from the wife Men of the Eaft.
*Tis true, the Ptolemaic Syfem which fuppofes the
Earth immoveable, and the heavenly Bodies to
revolve about it, was embraced by the Vulgar
and illiterate Part of Mankind, yet the Philofo-
phers ftill retained the true Syftem; till Arifforle
and fome of his followers, not being aquainted
with true Philofophy, gave way to the vulgac
Opinion that prevailed in favour of the Prolemaic
Syftem: So that the ancient Syftem became quite
negleéted till the Time of Nicalous Copernicus,
who by folid Reafons and Arguments, reftored it
to a more fleurithing State thap ever; from the

Jaws
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Jaws of Death, and perpetual Oblivion: Whenr:e"
this Syftem is called the Copernican Syftem.

Thefe before mentioned Planets Mercury, Venus,
the Earth, Mars, Fupiter and Saturn, are called
Primary Planets, being firft difcovered and refpeét-
ing the Sun as their Center ; and of thefe Mar,
Fupiter and Saturn are called Superior Planets, be-
caufe their Orbits are fuperior to,~or beyond the

S

Orbit of the Earth ; but Mersury and Venus are .

called Inferior Planets, becaufe their Orbits are
inferior to the Earths Orbll:, or between it and the
Sun.

After the Invention of Telefcopes, the Seconda.
ry Planets, with many other unthought Appear-
ances, were obferved by 4#ronomers;, which won-
derfully enlarged the ancient Syftem, and con-
firmed it by invincible Demonftrations.

Thus it was that the Secondary Planets, Moons,
or Sasellites of Saturn, and Fupiter were found al-
ways tc attend and revolve about their Primaries,
ard to refpe¢t them - as their Centers, as they are
carried about the Sun, juft 'as the Moon which
attends and revolves about the Earth, refpeéts it
in its annual Revolution about the Sun, in about
24 Days and 7 Hours,

Saturn is accompanied with no lefs than five
Satelhtes or Acttendants, which at different Diftances
mﬂvcﬁtpund him in different Times: The Dif-
tancél@of thefe Bodies from Saturn, and their pe-
riodicat” Times are as follew. That which is
innermott or neareft to Saturr is 43 of his Semi-
diameters from him, and compleats its Revolution
“n 1 Day 21 Hours 5 the next is 53 of Saturn’s Semi-
diameters
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Semidiameters diftant from the Center, and delcribes
its «Orbit in two Days-and 19 Hoursy the third
is at the Diltance of 8 Semidiameters and finithes
its Revolution in 4 Days 13 Hours; the fourth
isat the Diftance of 18 Semidiameters from Saturn,
and finifhes its Period in15 Days 22 Heurs; and
.the fifth and outermoft is ac the Diftance of 54 Se-
-midiameters, and finifhes i’s Courfe in 79 Days 8
-Hours. ad 01 by 1 o -
.., Jupiter has. four Satellites. which move round
himat different Diftances, and in differen: Timess
.thus the firlt, or that which is next to Fupiteris ac
23 of his own Diameters from his Center, and
defcribes it’s Orbit in 1 Day 18 Hours; the fecond
isat the Diftance of 4% Diamieters, and performg
it’s Period in 3 Days and 13 Hours; the third
is at the Diftance of 7% Diameters, and performs
it’s Circuit in 7 Days ¢ Hours; and the fourth
and laft is ac the Diftance of 123 Diameters, and
compleats it’s Revolution in 16 Days 18 Hours.

Befides thefe Attendants, Saturn is peculiarly or-
namented with a Ring which furrounds his Mid-
dle, without touching his Body, the Diameter of
which is more than double that of his Body, and
though the thicknefs of this Ring be but {mall
yet the Breadch thereof takes up halt the Space
that is between it’s outward Surface and the Body
of Saturn; the Reflt of the Space remaming void g
{o that fometimes we can iee the Heavens between
the Ring and the Body. |

Galilews, a noble Italiarn Philofophery who was
the firft Inventor of Telefcopes, was by their
Help, the firlt chat obferved the Sarellites of Fupiter,

Cc and
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and called them Medician Stars, in honout to’ the
Dukes of Z#fcany of that Name, and Mr. Coffini
the French King’s Aftronomer, firlt reached all the
reft that have been fince difcovered.

Far beyond thefe Planets the Heavens are deco-
rated and befpangled with a vaft Multitude ‘of
fixed Stars, which are fo called, becaufe they als
ways keep at the fame Diftance from each other:
The fixed Stars are fuppofed to be of the fame
Matter with the Sun, and to be made for the fame
Purpoles; that is, that each of them is the Center
to a Syftem of Planets, which move round it;
and of Courfe, that the Number of  Syftems,
which are contained in the Heavens, are infinitely
more in Number than it is pofiible for us to con.

ceive.
The foregoing Syflem proved to be the true Syftem.

The firft Thing that feems neceflary to be prov-
ed is, that the inferior Planets Mercury and Venus
revolve about the Sun, and that they are contained
within the Orbit of the Eoarth,

Fig. 78. Let Sreprefent the Sun, E the Earth, and
let NGFH reprefent the Orbit of Penus; if Fenus
be at F, fhe will appear to a Spe¢tator on the
Earth, to have a full round fhining Face; becaufe
that half of her which is illuminated by the Sun’s
Rays, is turned to the Earth; and therefore when
Venus appears full, fhe muft neceffarily be beyond,
or above the Sun. When Vewus is at N, her
illuminated Side being neceflarily towards the

Sun, leaves the darkened Side next the Earth,
and
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and-then fhe difappears; and therefore when Venus
difappears fhe muft be between the Sun and the
Earth, or the Sun muft be beyond or above her ;
When Venus is at H near the Place of her Change,
fhe will appear like an horned Moon, and when fhe
is at G, fhe will appear to have a Gibbous ot
humped Form ; in fhort Venus in one Revolution
round her Orbit, will affume all the Pbafes of the
Moon. |

Mr. Horrox in the Year 1639 with his Telel.
cope, obferved Pemus upon the Difk or Face of
the Sun; and the Phafes of Fenus may ealily be
feen by help of a Telefcope.

Since therefore Penus has thofe Appearances,
that is, fince the has a fuperior Conjunétion with
the Sun at F, an inferior Conjunction with him
at N, fince fhe is, horned at H and Gibbous at G,
the muft neceffarily move round the Sun, and the
Earth muft be withoutfide of her Orbit 3 for were
the Earth withinfide of her Orbit, her Appear-
ances would be very different from what they
really are, for fhe would then never appear
horned.

Befides Vemus 1s obferved to keep always near
- the Sun, for fhe is never found to be above 45
Degrees from him; fo that the never comes in
Oppofition to the Sun, or to be feenin the Eaf,
when the Sun is in the Wef; nay fhe can never
arrive at a quartile Afpeét with him, or to have
one fourth Part of the Heavens between them,
which muft neceflarily happen if fhe moved
round the Earth, either in a longer or fhorter
‘F'ime than the Sun,

Cc 2 Megcrrd.



16 A COURSE of

Mercury 1s obferved to keep nearer the Sun than
Venus, and never to rccede from him fe much as fhe
does ; from his Proximity to the Sun, he is ge-~
nerally hid in the Sun’s Rays, fo that he is
to be but feldlom feen; he has been obferved
fince the Invention of Telefcopes, to appear
like 2 Spot on the Suns Difk. The extraordinary
Brightnefs by which Meércury out-fhines all the Pla-
nets, is a ftrong Confirmation that he is nearer
the Sun than they ; for the nearer any Body is
to the Sun, the more it muft be illuftrated.

Hence it is evident that Mercury moves round
the Sun in an Orbit which is mc]uded within the
Orbit of Fenus.

Having now fhewn that - Mﬂ‘fﬂ?‘}' and Venus re-
volve about the Sun, and that they are contained
within the Orbit of the Earth'; we will next pro.
c=ed to prove that the fuperior Planets Mars, Fu-

piter and Satwrn revolve alfo round the Sun, and

that the Earth’s Orbit 1s Cﬂn{ained within the Or-
bit of Afars.

Fig. 79. Let S reprefent the Sun, E the Earth,
and the Circle ABCD the Orbit of Mars; 1t 1s
plain that when Mars is at A or at C, that his en-
lightened Hemifphere is turned towards the Earth,
and {o he muft fhine with a full Face, upon the
Inhabitants of the Farth; but at B and at D he
will appear a little Gibbous or not quite full.  Be-
fides when Mars is fcen at C or in Oppofition to
the Earth, he appears to be almoft feven Times
larger in Diameter than when he is at A orin
Conjunction with the Sun, and therefore he muft
be almoft feven Times nearer the Earth in one

Poflition

e |
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Pofition than in the other: Hence it is plain, that
not only the Earth lies within the Orbit of Mars,
but that it is far removed from the Center of his
Orbit; therefore it cannot refpeét the Farth as
a Center, but the Sun ; for by this Hypothefis only,
the Ph&nomena of Mars can be accounted for.

In the fame Manner we account for the Appear-
ances of Fupiter and Saturn, tho’ the Proportion
of the Difference of the Diftances in Fupiter be-
tween the Earth, and he when in Oppofition, is
not fo great as between Aars and the Earth, when
they are alfoin Oppofition ; now did Mars as well
as Fupiter and Saturn refpet the Earth as' a Center,
they would feem to move uniformly and regularly
round their Orbits; bur they do not feem to move
regularly, but to be fometimes flow in their Mo-
tion, at other Times quicker, and fometimes to
ftand ftill, and at other Times to move backwards,
which could never happen, if they refpected the
Earth as a Center, as will be more fully and par-
ticularly explained hereafter; but upon fuppofing
or making the Sun their Center, all thefe Phano-
mena can readily be accounted for.

All that now remains to be proved is, that the
Earth moves round the Sun, as the reft have been
proved to do.

We have demonftrated that the Earth is with-
out the Orbit of Venus, and within that of Mars;
from whence it will follow, that the Earth re:
volves about the Sun; for if it ftood flill, feeing
it lies within the Orbits of the fuperior Planets
Mars, Fupiter and Saturn, their Motions might
appear to be unequal and irregular, but they

would
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would never appear to move backwards, or to
ftand . ftill ; which may be eafily conceived by the
help of the Scheme. And as the Earth lies between
Venus and Mars, {o is its Period round the Sun
is alfo between the Periods of Vemnus and Mars,

as being greater than the one and lefs than the:
pther ; whence we have Reafon to conclude that
the FEarth moves round the Sun.

Common Obfervations convince us, that either
the Earth moves about the Sun, or the Sun about
the Earth, in fuch a Manner as to deferibe equal
Areas in equal Times: But Sir Isaac NewTon has
demonftrated, that whenever Bodies are regulated
by that Law, the one muft gravitate the other;
and therefore if the Sun in its Motion, gravitates
the Earth, Aéion and Reaftion being equal and
contrary, the Earth muft alfo- gravitate the Sun :
He has alfo demonftrated that when two Bodies
gravitate each other, without direétly approaching
each other in Right Lines, they muft both of them
move round their common Center of Gravity ;
therefore the Sun and Earth, turn round their com-
mon Center of Gravity. But the Earth being
only as a Point when compared to the: Sun, their
common Center of Gravity will not only fall with-
in the Suns Center, but very near it: The Earth
therefore turns round a Point, that is within the
Body of the Sun, and therefore turns round the
Sun. This phyfical Argument is looked upon to
be unanfwerable. |

By comparing the Periods of the Planets, and.
their Diftances from the Sun to each other we
find, that the nearer any Planet is to the Sun the

{fooner
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fooner does it revolve through it’s Orbit, and it’s
‘Motion is the quicker ; this Obfervation no doubt,
{et the fagacious Kepler upon inveftigating his great
Law of Nature, concerning the primary Planets,
viz. That the Squares- of their periodical Times, are
as the Cubes of their Diftances from the Sun; and
though. he found this Law to obtain in the primary
Planets only, yet Afronomers found that the fecon-
dary Planets were regulated in their Periods and
Diftances from the primary ones they refpeéted,
5}? the fame immutable Law.

It 1s not eafy to conceive how Kepler hit upon
this Law; for though he difcovered it to obrain,
~yethe was unable te demon ftrate it’s proper Caufe,
or to deduce the phyfical neceffity of -fuch a Law
this Tafk was referved for the great Sir Isaac
NewTton, who has demonftrated, - that without
a total Subverfion of the Lawsof Nature, no uthf:r
Rule could take Place.

Were the Sun to revolve ahuu:thf: Earth, t‘!ﬁ“ﬂ
univerfal Law would thereby be vmlatcd, the
Harmony and Proportion of the Motions deﬁmy-
ed, and the whole Frame of the Earth be rendered
dn Heap of Confufion and Diforder ; but by the
Earth’s Motion round - the Sun, a perfect Harmo:
ny is preferved through the whole Frame of Na-
ture, | -

Of the Rotation of the Sun and Pf.:z?szs
round their Axes, -

- If the Sun were equally bright in all it’s Parts,
it would be impoffible to perceive that it had
any
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any Motion round its Axis; but from the Motion
of certain black Spots that are on his Difk or
Face, the Rotation round his Axis, has been dif-
covered to be performed in 25 Days; thus a cet-
tain Spot has been obferved to appear on his weltern
Margin, and by Degrees to creep near the middie -
or center of the Difk, and fo on, to the eaftern
Margin, where it has fet or difappeared in 12 Days,
and in 12§ Days more, the Spot has been found
again to appear on its weftern Limb.

If the Motion of the folar Spots from W -
Eaft, feemed 1o defcribe right Lines, we might
conclude that the Sun’s Axis would be perpendis
cular to the Plane of the Earth’s Orbit, which is
called the Plane of the Ecliptic: Now fince the
Sputs do not feem to defcribe right, but curved
Lines, therefore the Sun’s Axisis not perpendicular
to the Plane of the Ecliptic, but deviates from a
Perpendicular thereto, in an Angle of about ﬁwn

Degrees.
Fupiter, Mars and Venys have alfo remarkable

Spots upon them, when looked at through a Te-
lefcope; and it is by the Motions of thefe Spots,-
as with thofe of the Sun, we conclude that they
revolve round their Axes: By this Means Venus
is found to perform her Revolution about her Axis
in 23 Hours: Mars performs his Rotation about
his Axis in 24 Hours and 40 Minutes, The Earth
in a Day, which we are cenfirmed in, by the ap-
parent Revolution of the fixed Szars about it in
that Time, -

Fupiter, befides having many Spots on his Difk,

feems to be circumfcribed with certain Zones;
Belts,
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Belts, or Girdles, which are parallel to each other;
~ yer their Diftances from each other are found
fometimes to recede, and at other Times to ap-
‘proach. In the Year 1665 Mr. Caffmi difcovered
a large Spot on the Difk of Fupiter, by which he
found that Fupiter revolved round his Axis in nine
Hours and £6 Minutes, or nearly in 10 Hours,

Whether either Mercury, or Saturm revolve
round their 4xes is uncertain; becaufe the former
is fo hid by the Sun’s Rays, and the latter 1s fo
remote, that the Spots if any, upon either, are
not to be difcovered: Yet we may probably con~
clude, that they as well as-the other Planets, move
round their Axes, in order that all Partsof theit
Surface may be cherifhgd with the Sun’s Rays.

Of the annual and diurnal Motions of the
Earth, whereby the Seafons of the Year,
the Viciffitudes of Day and Night, and the
reflt of the celeftial Phenomena, which arife
from the appareng,Motion of the Sun, are
fully explained.

Having taken a curfory View of the Univerfe,

it will here be neceffary to confider the Earth’s
Motion more particularly.

Fiz. 80. Let S reprefent the §uz; ABCD the
Orbit of the Earth, l.et the Surface of the Paper
reprefent the Plane of the Ecliptic, ot that Plane
on which the Earth moves, and let vV,%,=,, be
Fhe Heaven of the fixed Stars; then if we {uppofe
a Spectator to be placed in S the Center of the

: Dd L, Sun

o
o B
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Sun, and thence to view the Earth in the Poing
A of its Orbir, it is manifeft that it muft appear
to him to be at the fixed Star v; and while the
Earth is moving from the Point A to the Point B
of its Orbit, that it muft appear to him to have
moved through the fixed Sfars v 8 m and that
it is now arrived at the Star  ; and while it 1s
moving from B to C, that it muft appear to have
paffed by the fixed Stars o @ m and fo to =
in moving from C to D, it feems to pafs by
#: o pand {o tow; and in moving from D to A, it
feems to pafs by y 2 % and fo to .

Now let the Spe€tator be removed from the Sux
to the Zarth ; then its plain when the Earth is in
the Point A of its Orbit, that the Obferver will
fee the Sun S in the oppofite Point of the Heavens
'. at the fixed Star =; and that while the Earth 19
_moving in it’s Orbit from A to B, that the Sux
will appear to have moved from & through m and
# and fo to yg; alfo while the Earsh is moving
from B to C, the Sun will appear to have moved
fromy through s» andx and fo to ¥ ; and in like
Manner while the Earth moves from C to D and
{o to A, the Sun will appear to have moved thro’
the Stars ¥V » X % § wp and fo to ==, Therefore
the Szn to an Inhabitant of the Earth, will ap-
pear to pafs over the fame fixed Stars, and in the
fame Order from We¢# to Eaft, as the Earth muft
appear to have paffed over if viewed from the -
Sun, !

Hence arifes the apparent Motion of the Saw
from Weft to Eaff; thus, if a Star be found to
rife with the Sun, a few days after it will rife be-

fore
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fore the Sun; and a Star which is near the Sun’s
Path will be found to be a lictle above the Hori-
zon after Sun-fetting, but in fome Time after, if
will fec with the Sun.

In I'ke Manner it the Syn were viewed from any
of the otler Vlianets, it would feem to move from
Weft to Lofi, and to defcribe the fame Orbit in the
Heavens, o to pafs by the fame fixed Stars, that
the Planet would appear to de to an Obferver in
the Sun.

If the Plane of the Earth’s Orbit ABCD be con-
ceived to extend to the Heavens, it will there lay
out the Ecliptic v % = ys or that Circle which the
Sun appears to defcribe in a Year if viewed from
the Earth, cr that the Earth would appear to dcf-
crioe if viewed from the Sun.

Afrenomers, have divided this Circle into 12
equal Parts called Signs, which they have named
after the Conitellations which were then near
them ; fo that each Sign contains the 12th Part
of 360, or 30 Degrees.

The Charalters and Names by which the Signs
are expreiﬂ:d, are thefe,

' -4 IC % sL g =
Aries, Taurus, Gemini, Cancer, Leo, Virge, Libra,
il + WP v XK

Scorpio, Sagittarius, Capricornus, Aquarius, Pifces.

Befides this ennual Motion of the Earth, it has
alfo a diwrnal Motion, or one in 24 Hours from
Wef © Eaft ; The two Points where the Axis meets

Dd 2 the
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the Surface of the Earth are called it’s Polesy and
if the Axis be continued to the Heavens it will
there point out the Celefiial Poles: Every Poing
on the Eartk’s Surface except the Poles will de-
fcribe a Circle ; and that Circle which is defcibed
"by a Point that is equally diftant from the Poles,
is a great Circle called the Equator or Equinoétial
. Circle 5 but thofe Circles which are defcribed by
any other Points nearer to the Poles are leffer
Circles, and are called Parallels of Latitude.

If a Plane, which touches that Part of the Earth
where a Speétator ftands, be continued on all Sides
to the Heavens; it will there mark out a Circle
that is called the Senfible Horizon. which will fe-
perate the Vifible from the Invifible part of the
Keavens; but if a Plane paffing through the
Earth's Center parallel to the fenfible Horizon,
be continued on all Sides to the Heavens, 1t will
there mark out a Circle which is called the Rational
Horizon, But though thefe two Circles are diftant
from ecach other by the Earth’s Semidiameter,
yet in the Heavens they may be faid to coincide,
in as much as, that Semidiameter is but a Point
in Comparifon of the great Diftance of the Hea-
vens. '

Since the Earth turns upon it's Axis from WVeft
to Zaft, a Spettator on it’s Surface, muft be car-
ried the fame way; therefore all heavenly Bodies
which are beneath the eaftern Edge ot the Horizon
will become Vifible in as much as the Plane of
the Horizon fubfides, being carried to the Eaft-
ward with the Obferver: and all heavenly Bodies,
which are feen above the weftern Edge of the |

Horizon,
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Horizon, will become invifible, becaufe that pare
of the plane of the Horizon will Rife as the Earth
is carried Eaflwardly. Hence it is that all the
Heavenly Bodies feem to move from Egf to
Weft and to defcribe a greater or a lefler Circle,
except thefe Points that are the Celeftial Poles,

If thePlane of the Earth’s Egquator coincided
with the Plane of the Ecliptic, then the Earth’s
Axis would be perpendicular to both Planes, and
~in that Cafe the Sun’s Rays would enlighten one
half of the Earth from Pole to Pole, while the
other half would remain in darknefs. fo that one
half of each parallel Circle on the Earzh’s Surface
muft be always enlightened, and the other half
muft remain dark ; and therefore by the Earth’s
Verticity, all it’s Inhabitants would have a conftant
Equallity of Day and Night, or 12 Hours each;
and at the Poles they would have half the Sux’s
Body conftantly appearing to move round their
Horizon: Seeing then that the Days and Nights
are not equal, the Axis of the Earth is not per-
pendicular to the Plane of the Ecliptic, but it is
inclined thereto, at an Angle of 66% Degrees, and
confequently the Plane of the Eguator muft be in-
clined to that of the Ecliptic, at an Angle of
234+ Degrees, the Complement of the former.
The Earth’s Axis alfo in it’s annual Motion round
the Sun keeps always parallel to it felf; that is, if
a Line be drawn parallel to the Axis while it 1s
in any one Pofition, the Axis will be always paralle]
to that Line in whatever Part of it’s Orbit it be;
at lealt for a Year or tweo, the difference is in-

{enfible : And this muft neceflarily be, if the Earih
had
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had no other Motion than it’s annual Progreffive one
round the Sum, and its diurnal one round it’s Axis.

Fig. 81. Far let PEpQ be any fpherical Body
whoie Center moves along the Line AB, and while
it is at A let it’s 4xis Pp be inclined to the Line
AB. Now it’s plainif the Body by it’s progref-
five Motion only, were carried to B, that it’s sxis
Pp will ftill be parallel to it’s former Pofition,
while at A; and if the fame Body be fuppofed
to move centinually about it’s Axis, thoughall the
Parts of it’s Surface except the Poles will change
their Situations, yet the Inclination of the /xis
can never be difturbed thereby.

Since the Plane of the Eguator is inclined to

that of the Ecliptic at an Angle of 233 Degrees,
they muft cut one another ina Right Line, palling
through the Centers of the Su# and Earth; which
right Line or common Seftion will remain paral-
lel to it felf, becaufe that the Earth’s Axis pre-
{erves a Parallelifm, and that the fame right Line 184
alwaysinclined to the Axis of the Earth at the fame
Angle. And that Circle upon the Earth’s Surface
which 1s made by the Interfection of the two Planes,
will point out the Path of the Suz in his annual
Mation.
' If a perpendicular Line be drawn from the Cen-
ter of the Sun to the Plane of the Eclptic, and
if it be continued on both Sides to the Heavens ;
this Line will be the 4xis, and it’s Extremities
will be the Poles of the Ecliptic.

That great Circle which paffes through the
celeftial Poles, and the Points of Interfeétion of
the Egquator and Ecliptic is called the Equinoltial

Colure
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Colure y and that other great Circle which is at
right Angles with it, is called the So/fitial Colnre,
and this will be found to pafs through thofe Points
where the Equator and Ecliptic are wideft afunder !
The four Points in which thefe Colures cut the
Ecliptic, are called the four Cardinal points, be-
caufe when the Sun is feen in them, he determineg
the four Seafons of the Year: The Points of In-
terfetion of the Equinoitial Colure with the Eclip-
tic, are called Eguinofiial Points; becaufe when
the Suzz is in either of them, all the Inhabitants
of the Earth enjoy equal Day and Night: And
the Points of Iacerfetion of the Solfitial Colure
with the Ecliptic, are called &iffitial Pointsy be-
caufe when the Suz is in either of them, he is
then at his greateft Diftance from the Eyuator, and

feems to ftand before he begins to return again.
To explain the Phenomena or Appearances that
arife from the Earth’s annual Motion round the
*8un, we fuppofe the Speftator to be far removed
without the Earth’s Orbit, fo'as to obferve all
| thofe Appearances which we here give a perfpec-
tive View of: Thus, Fig. 82. let S reprefent the
Sun, v%=v the Earth’s Orbit on the Plane of
the Ecliptic; through S let the Line v § 2= be
drawn paralle] to the common Interfection of the
Ecliptic and Eguator, and to it at right Angles,
Jet the Line % S v8be drawn; then it’s plain,
when the Earth is in the Point ==, that the Line
S:= connecting the Centers of the Suz and Ear:h
will coincide with the common Interfection of
the Ecliptic and Eguator, and fo lie in the plane
of the Equater, and therefore willbe perpendicular
tO
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to the Earth’s Axis 5 but the fame Lineis perpen-
dicular to the Circle that bounds Light and Dark-
nefs, and therefore the Axis of the Earth will be
in the Plane of that Circle, and fo it will pafs
through the Poles of the Earth, and cut the Equator
and all it’s Parallels into equal Parts. Alfo the
Sun will appear in the oppofite Point of ic’s Orbit
atvor in =S produced, that is, in the Plane of
the Equator; and confequently will defcribe the
Celeftial Equator by it’s apparent daily Motion.
And fince in this Pofition of the Earth the Sun will
enlighten it from Pole to Pole, {o by it’s Vertcity,
all Perfons on it’s Surface will enjoy equal Day and
Night ; and hence the Circle which the Sun {eems
to defcribe, that Day is called the Eguinofiial
Circle.

The Earth by it’s annual Motion being carried
through the Signs m 2, the Line interfecting
the Planes of the Ecliptic and Eguator, remaining al-
ways parallel to it felf, cannot now pafs through the
Suny but when the Earth has arrived atw it will
make a right Angle with Sy, which connets the
Centers of the Sunz and Earth: And feeing the
faid Line Svsis not in the Plane of the Eguator,
but in that of the Ecliptic, the Angle Pys S, which
the Axis of the Earth Ps makes with it, will be
an acute Angle of 66% Degrees, or the like Num-
ber of Degrees that the Earth’s Axis is inclined
to the Plane of the Ecliptic. Let the Angle SwB
be a right Angle, then the Circle bounding Light
and Darknefs will pafs through B, and the Arch
BP will be 232 Degrees, the Complement of PC,
or of the Angle PwS. Through the Center 4

let
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let EQ be drawn perpendicular to the awis Ps,
and it will be in the Plane of the Equator ; then
if from equal Arches or Quadrants PE and BC,
the common Arch PC be taken, there will remain
CE tqual to PB eqﬂai to. 23% Degrees; Make Eec
equal to EC; and to the Eguator threugh C and ¢
let the parallel Cireles CD, cd be drawn; the
ficlt is called the Tropic of Cancer, and the other
the Jropic of Capricorn, and the Circle in the
Heavens which 1s concentric to €D is called the
Celeftial Trapic of Cancer; bé€aufe the Sun appears
to be then in %. When the Earth is in this
Situation, the Circle Bwy a; bounding Light and
Darknefs, will pafs 23% Degrees beyond the Neorth
Pole P, oras far as B, and confequently the South
Pole muft be fo far from a, in the darkened He-
mifphere : To the Equator let the parallel Circles
BA, ab, be drawn through the Points B and a; and
thefe are called Pglar Circles ; that towards the
North 1s called the Artic Circle, and the othet
that is towards the South, is called the Awfartic
Circle. &
Now fince the Eorth moves about tts #xis Ps, it
1s plain that thofe Inhabitans of it, who live with-
in the Artic Circle AB, will at that Time,; have eons
tinual Day; and on the centrary, thofe Inhabis
tants, if any, who hve within the Auwtartic Circle
ab, will then have continual Nighe. Alfo thag
fuch as live under the Tropic of Cancer, or on she
Parallel €D, will have the Sun Vertcal to them,
when iny particular Place in that Parallel conves to
the Meridian at C; and feeing all the Parallels be-
tween the Equater ar? the drtic Cirele are cut

Ee by
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by-the Circle bounding Light and Darknefs, into
unequal Portions, leaving a greater Portion of
every Parallel in the Light, than in the Darknefs;
therefore the Inhabitants in the Northern Hemif=
phere will then have their Days at the longeft, and
to them the Seafon of the Year will be Summer;
but on the contrary, thofe in the Southern Hemif-

phere, will have their Nights at the longeft, and

to them it will be the Winter Seafon; and it 18
ealy to conceive that according as one Place 1s
more on the North fide of the Equator than ano.
ther, that the Day will be longer in the former
than in the latter Place; and {feeing that none
of the Parallels, but the Eguator only, is cut equal-
ly by the Circle bounding Light and Darkaefs,
therefore it is only thofe Inhabitants who live in

the Eguator, that have their Days and Nights

equal throughout the Year.

The Earth being {till carried forward in its Or-
bit from W by ¥ and % to V', in which Time the

Sur will feem to move through the Signs g q "
and by Degrees to return again towards the Egua-

tor; and the Earth being arrived at ¥, the Suz

will appear to be at = ; where the common In-
terfection of the Ecliptic and Equator ftill remaining
parallel to the Line =Sy, will pafs through the
Center of the dum, and then the Szz will appear
in the celeftial £quator. And therefore the Day

and Night will again be equal to all the Inhabi-

tants of the Earth, in the fame Way as when the
Egrth was atzx, for in this Situation the Circle
bounding Light and Darknefs, will again pafs
through the two Poles.

Thell
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The Eqrrh moving on through the Signsv'. 5, m,
the Sun will appear to move through g, m, f, gra-
dually declining from the Egrator towards the
South ; fo that when the Earth has arrived at &, the
Sun will appear to be at 4. And becaufe the Axis
of the Earth preferves it’s Parallelifm, the Earth
will have the fame Appearance in refpet to the
| 8Sun, that it had when it was inyw ; but with this
Difference, that the Traét within the Polar Circle
AB, which was in continual Light when the Earth
was at¥y, is by i1t’s being remov’d to & in con- -
tinual Darknefs, and all that Part within the Polar
Cirele ab, that before was in continual Darknefs,
is now in continual Light; alfo {fuch as live under
the Tropic of Capricorn or on the Parallel cd will
have the Sun Vertical to them, when any particular
Place in that parallel, comes to the Meridian at d
and thofe in the Southern Hemifphere will have their
Days at the longelt, but thofe in the Nortbern He- -
mifpbere will have their Nights at the longeft;
therefore it will then be Summer to the former,
and Winter to the latter: And the further any
Flace is to the South, the Day will be longer, be-
caufe the Circle bounding Light and Darknefs,
Jeaves a greater Porsion of every Parallel in the
Southern Hemifpbere in Light, than in Darknefs;
and fince the Equator is only bife¢ted by that Cir-
cle, the Inhabitants who live in it, are thofe that
only have their Days and Nights equal as be-
fore.

All we have faid will be much more evident
‘than it is poffible for Words to exprefs, from a
‘bare View of the Orrery, by a Eamp being fixed
f E e 2 | a3
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as the Sun in it’s Center; or in Licu thereof, . if

a Candle be lighted in a dark Room, and fixed in
the Center of a round Table, and if we takea
fmall Globe of Ivory, of about’one ortwo Inches

in Diameter, on which the Poles, Tropics, Polar
Circles, and the Eguator are marked and Jaid out,

- and if we carry it with it’s Axis inclined to the
Table, or to the Plane of the Ecliptic 1n an Angle
of 66% Degrees; the Phenomena before fet forth,
wil] very abundantly appear,

By the fame Way of reafoning, the Phenomena

arifing from the Circuit of any other Planet that
turns round it’s Axis, may be eafily accounted

for.

~ If a Line pafling threugh the Center of the Suz |
perpendicular to the Plane of the Ecliptic, be con-
tinucd to the Heavens both Ways, it will there
point out the Caleflia! Poles as before. Now if #
great Cipcles are fuppofed o pafs through thefe
Poles by every Star or Planet, thefe Circles which &
are called Segondaries of the Ecliptic, wil be all
pe:pendlrhlf to the Plane of the Edliptic ; and on
them is meaflured the Latiude of any heavenly
Body, or it’s Diftance from the Plane of the Eclip-
tic, which will be North or South, as it lieson the
one or the other Side of the Ecliptic: AMo an Arch
of the Ecliptic, which is containgd between the -,
Pointy, and the Secondary pafling through the Bo. &
dy ; u.:ll be the Longitude of that Body: And if §
there be Circles fuppofed to pafs hruuf‘rh every
Place, or Spot on the Earth’s Surface from Paleto §
Pyle, fuch Circles are called Meridians : Upon the 8
one of Lhr:f:: erclr:s that paflcs through any g given
Place, =

[
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Place, is the Latitude of that Place meafured from
the Eguator ; and it_Stt?ﬂgf!ﬂcfE is an Arch of the
Eguator, intercepted fometimes between a Meridian
pafling through any particular Metrepolis, from
whence their Inhabitants are pleafed to count their
Longitude, or fometimes from the Meridian paf-
fing through the Point Aries , where the Egquator
and E¢liptic firft interfet each other,‘and the Me-
ridiar pafling through the Place.

Fig. 83. Since the Earth’s Axis retains its Pa.
rallelifm, it is plain, that when the Earth is at dif-
ferent Points in its Orbit, its 4xis muft point to-
wards different fixed Stars; thus if the Earth be
at A, and it’s Axis points to the fixed Siar E,
when it has arrived to the oppofite Part of it’s
Orbit at B, it’s Axis will not point to the fame
fixed 8ter E, but to fome other as F, and the An-
gle EBF which we fuppofe peflible to be mea-
fured though not very accurately, will be equal
to the Angle AEB, and this Apgle under which
the Diameter of the great Orbit of the Earth is
feen from the fixed Star E, is called the Parallax of
the great Orbit. Now were - there Inftruments
nice enough to meafure this Angle with great cer-
tainty, as in Effect there are not; we could eafily
find the Diftance of the Ster E from the Earth
for we have in the Triangle ABE, the Angle EAB
the vifible Diftance of the Sun from the Pole, the
Angle of the Parallax of the great Orbit E, and
AB the Diameter of the great Orbi¢ given, and
thence by Trigonometry AE or EB may be eafily,
found. Now if we fuppofe the Parallax of the
great Orbit with Mr, Flamflead to be 42 Seconds,

and

-

]
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and if an Error be committed in Obfervation
of 10 or 12 Seconds, and no Man can be {ure he
has not committed that Error; the Diftance of
the fixed Srar thereby remains uncertain,

Of the Preceffion of the Equinoxes,

Having hitherto fuppofed the Parallelifm of the
Earth’s Axis as immutable, and that the Earth had
been affeéted with no other Motions, than 1f's
annual one round the Sun, and its diurnal one round
i’s Axis. Yet Afironomers from many Years Ob-
fervations have found, that the Axis of the Earth
deviated about one Degree to the Weft in 72 Years
from it’s Parallelifm, but that it ftill preferves 1ts
Inclination of 663 Degrees to the Plane of the
Ecliptic; and though this flow Mutation of the
Earth’s sxis can by no Means difturb the Pheno-
mena already explained in a few Years, yet ina
Century or two it becomes very remarkable. T hus,

Fig. 84. Let the Line DCH reprefent a Portion
of the Eartk’s Orbit; from the Center of the Earth
C, let the Line CE be drawn perpendicular te
the Plane of the£c/iptic meeting the concave Sur-
face of the Heavens in E: This Line CE wiil be =
the Axis of the Ecliptic, and E the Pole of it

ks, ¥

Let the 4xis of the Earth Cp be continued to the
Heavens ; then P will be the Pole about which
the Heavens will feem to revolve : Let a great
Circle EPA pafs through the Poles E and P and be
continued to meet the Edliptic in A, it will cut |
it perpendicularly, and the Arch PA will be the

Meafure of the Angle PCH; which 1s the Inclina- 4

tion &
L. - ﬁ
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tion of the Earths Axis to the Plane of the Eclip-
tic, that is, it will be 663 Degrees, and therefore
its Complement EP will be 231 Degrees, and will
be the Meafure of the Angle ECP, that the xes
of the Ecliptic and Equator make with each other.
Let then the Pole P or Line CP be carried Circu-
larly from Eaff to Wef about the Center C, fo as
that it may conftantly as it moves round, through
PQFG, be inclined to the Plane of the Eclipric
in an Angle of 66% Degrees; by this Means the
Axis PC delcribes the Convex Surface of a Cowe,

| - of which C is the Pertex, and the Point P the

Circle of its Bafe, which Circle is not compleated
in lefs than 25920 Years ; after which Time, the
Pole having left a Star at P, will again return to it ;
and this is truly the Nature of the Motion of the
Pole backwards; for if it were not endued with
| this Motion, but that the 4xis of the Earth re-
| . tained the fame Direétion; the Pole of the Hea-
vens would be found to be conftantly in the Point
P ; but we find that Pole does as conftantly change
it’s Place towards the 7, fo that in 72 Yearsit
will proceed one Degree Wefltwardly from its Si-

tuation at P to Q, and BQ will be 66% Degrees,
and thus by Degrees it will pafs through every

Part of the Circle PQFGP, making PA,QB,FC,
CG, equally inclining to the Plane of the Ec/iptic
in an Angle of 66% Degrees. Hénce in half the
Period of the Polar Revolution, or whillt the Pgle
pafies from P to G, a Szar which had been ac P
will in 12960 Years be 47 or twice 233 Degrees
diftant from it.
; ; Since
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Since the Earth’s Axis changes its Situation by
moving backwards; this' backward Motion muft

be communicated to ‘the Whole, and occafion.

el

every Point on the Earths Surface, alfo to move

backwarcs or towards ‘the Weft: The Equinoftial
Points of the Earth, do therefore move continually
backwards or towards the Weft, and thereby will

occafion the Celeftial Equinoctial Points with

which they coincided, to proceed forward in Con-
Sfequentia, or according to the Order of the Signs
or fixed Stars towards the Eaft, and this is called
the Preceffion of the Equinoxes.

Hence it is that the Stars which compofe Con-
ftellations have changed their Places fince they
were obferved by the fitft Afronomers; thus, the
Conftellation of the Ram, which in the Time of
Hipparchus, was nearly oppofite to the Equinoctial
Point Ariesy,is now removed a whole Sign towards
the £aft, and is marked upon Celefiial Globes to
be in the Sign or Portion of the Ecliptic, Taurusws ;
in like manner, Zaurus now refides in Geminimt, Ge-
mini in Cancer B 3 and fo every Conftellation has
changed its Place fince the firft Obfervation: But
though the Conftellations or Images have lefc
their Places, yet the twelve Portions of the Ecliptic
which are called Dodecatimoria ftil} retain the fame
Names, which they had in the Time of Hippar-
chus: And to diftinguith them from  Starry Signs
or Conftellations. they are called Anaffrous Signs,
or Signs without Stars.

The phyfical Caufe for, the Preceffion of the
Equinoxes was unknown, untill Sir Isa ac NewTon
diicovered that it arofe from the oblate Spheriodical

Figure
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Figure of the Earth; and that the Figute of the
Earth arifes from the Rotation of the Earth round
1t’s Axis. |

Though the Period of the Eartdh’s annual Mo-
tion, is always performed in the fame Time;
yet the Earth in pafling along its Orbit does nos
move uniformly ; for if it did, the Sun would

~ appear to move alfo unifermly; but the Sunrsap-

parent Motion being irregular, the Earth’s Motion
muft be fo too; for he is found to be eight Days
longer paffing through the Northern Signs, than
through the Southern ones, and therefore the
Summer is eight Days longer than the Winter:
And the Sun’s apparent Diameter in Winter being
greater than 1 Summer; it therefore followss
that the Suz mult be'farther from us in Summer
than in Winter. In the Winter it is feen under
an Angle of 32 Minutes 47 Scconds, and in Sum-
mer, under an Angle of 31 Minutes and 40 Se-
conds.

From hence it is plain, that the Earsh’s Orbit
is not a Circle with the Suz in i’s Center: And
the great Kepler from the Obfervations of the
induftrious Zycho Brabe by unanfwerable Reafons
has fhewn that the Oibit, of not only the Earsh,
but that of every Planet muflt be an E/ipfe and
not a Circle 5 and chat the Sux 1s not in the Center
of the Elliptical Orbit, but in one of the Foci
or Points upon which it is deferibed, as at §.  Fig.
85. The longeft Diameter or the /xis of the
Ellipfe AP is called the Line of the dpfides; the
Point A is termed the higher Apfis, or Apbelion,
being moft diftant from the Suz; and the neareft

g 4% | Point,
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Point P to the Sum, is called the lower Apfis of
Peribelion: The Diftance ES between the Center
of the Ellipfe and the Sun, is called the Excen-
tricity: The Line ES drawn from the Extremity
of the lefler Diameter to the Sux, is called the
mean Diftance of the Planet from the Sun; which
is equal to half the Axis; it exceeding the fhorteft
Diftance by as much as the longeft Diftance
exceeds it

Though the Planetary: Orbits are Elliptical,
yet they differ but little from Circlesy for the
Excentricity of the Earrhs Orbit SC isonly 17
of fuch parts, as the mean Diftance SF is
of r1o00.

‘The Planets in revolving round their Orbits
obferve this immutable Law, that zkey Defcribe
equal Areas in equal Times; and becaufe their
Orbits are Ellipfes the Arches defcribed tnequal
Times will be unequal, in order that the Areas
may be equal. | Thus, if in a given Time a
Plgner moves from A to B, and thereby produces
the Arca ASB; in order that it may produce
.the Areas BSD; PSF each equal to ASB, BD
muft be greater than AB, and -FB greater than
either, or the Arcas will be unequal ; and thefe
Arches will be nearly reciprocal to their Diftances
from the Sun., This Law is demonftrated by the
Sagacious Kepler, inhis Cemuientaries on the Mo-
tion of the Planet Mars.

A Planet when at its Apbelion moves flowefty
but i’s Motion becomes quicker daily from |
thence to its Peribelion, where it is quickeft |

of |
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of all; and from thence again to its Apkelion it
moves every Day {lower.

Having fhewn that the Earth is removed farther
from the S#z in Summer than in Winter ; it will
be neceflary here to fhew and explain the Caufe
of the Summer Seafon, being warmer than the
Winter one: Firft then, the Force of the Sui’s
Rays is much ftronger when they fall direély,
than when they fall obliquely ; now in the Winter,
the Rays fall very obliquely upon the Farth, and
their Power is thereby diminithed, for the Light
being not fo denfe, the fewer mupft the Rays be
in any given Space; and of courfe the more they
muft be fpread and {cattered, and - confequently
the Heat muft be thereby leflened. Befides the

Sun being much nearer the Horizon in the Winter

than it is in the Summer, the Rays in the Winter
pafs through a much greater Quantity of Atmof-
phere than in the Summer, and are thereby more
refrated and broke by the Refle€tions of o many
Particles of Air; and this alfo is the Reafon,
that we can look at the S## when it is in or near
the Horizon without hurting our Eyes  whereas
when it rifes higher, we cannot look at it without
being almoft blinded.

Again, the langer any hard and folid Body is
expofed to the Fire, the hotter it grows. Now
in the Summer we are heated by the Sun, about
16 Hours every Day, and have but 8 Hours of
Night to cool, and in the Winter we are heared
but 8 Hours, and conl 16; it therefore is plain,
that there muft be a great Difference of Heat

and Cold in thefe two Seafons.
Ffa2 Siace
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Since the Power or Heat of the Sun is greateft
when its Rays fall upon us moft directly or neareft
to a Perpendicular, it fhoukd thence follow, thag
the Heat fhould be greateft when the Su# enters &
Cancer, or about the 20 of Fune, for then ‘it is
neareft our Vertex, and lieth longeft towards us;
but we find 1t much warmer above a Month after,
and warme(t about the beginning of Augaf, in
the Dogz-Days, though the Sun be remeved above
a whole Sign, from that Place, where he was moft
vertical. - |

Now to arrive at the true Caufe of this Effeck,
it will be neceflary to obferve, that the Action
of the Sun’s Heat upon all Bodies, is not tranfient
as it’s lllumination, but permanent; So -that a
Body which 'is once heated, will retain that Heat
for fome Time after the Sum has left it, for the
Particles' of Heat being abforbed by the Body,
cannot, at once difengage themfelves from it, but
will continue in it for fome Time before they can
fly off; and locfe their Force, or before the Body
€an cools; therefore if the heating Particles, which
are daily received, exceed thofe which fly off
in the Night, the Body muft continually encreafe
in Heat, And this is our prefent Cafe, for the
Particles of Heat do daily encreafe for fome Time
after the Sun has entered % Cancer, fince theré are .
more 'entering into the Rarth, in the Days than
there are thrown off' in the Nighr. Thus, let us
fuppofe 100 Particles to be received in the Day,
and 50 of thefe to be thrown off in the Night;
there will then remain 5o to excite Heat: If then
the next Day the Suz will impart 100 Particles,

of
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of which one half of them are thrown off in the

Night; in the beginning of the third Day, there

will remain 100 Particles exciting Heat. In the
fame Manner, {o long as there are more Particles
of Heat emitted from the Suz upon the Earthin
the Day, than can be diffipated or thrown off in
the Night, the Heat muft conftantly encreafe
and become more intenfe: But when the Days
decreafe, and the Force of the Sun’s Rays become
weaker, there will be more Particles thrown off
in the Night than there are received in the Day,
and by that Means the Body will be heated lefs

every Day, fo that the Earth and Air at length

will become extreamly cool.

Of the Moon’s Phafes and Motion.

The Moon as it was faid before, is a {fecondary
Planet which conftantly attends the Earsh in its
annual Mortion round the Suz, defcribing its Orbit
in 27 Days and % Hours; it is the moft {plendid
of all the heavenly Bodies except the Sun, and if
viewed from the Sun, would never be feen above
1o Minutes diftant trom us.

The Moon puts on feveral Phafes or Appearances,
and is conftantly changing its Figure, being fome-
times Horned, then Haif Full, afterwar ds Gib-
« bous or Humped, then Full, again Gibbous, Half
Full, and Horned: And thefe different Phafes are
eafily accounted for, when .we confider that fhe
like the £arth, is an opaque fpherical Body, which
cnly fhines by the Light (he receives from the Sun,
having always that half of her Body, which 1s

. pext the Sum, enlightned while the reft remains

involved
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involved in Darknefs ; but the half which is vi-
fible to us, is that which is oppofite to the Suzn,
and therefore according to her various Situations
with refpect to the Swn and Earth, the will {feem
to undergo different Degrees of Illumination,
having fometimes a greater, and at other Times .
a lefs Part of the enlightned Hemifphere turned
towards the Farth, fometimes the whole, and at
other Times no Part of her can be feen from the
Earth, To explain which, Fig. 86, let S repre-
fent the Sun, T the Earth, RTS a Part of the
Earth’s Orbit, which it defcribes in its annual Mo-
tion round the Szz ABCDEFGH the Orbit of
the Mpon, in which it moves round the Earth from
Weft to Eaft, PNOM the Moons Body, and it’s
Center L. Let the Centers of the Suxz and Moon
be joined by the Right Lines SL, and let MLN
be a Plane paffing through the Mosons Center per-
pendicular te the Line SL; then this Plane will
cut the Moon in a great Circle, which will be the
Boundary of Light and Darknefs, which feperates
the enlightned from the obfcure Side. In like Man-
ner, if the Centers of the Earth and Moon be join-
ed by the Line TL, which is perpendicular to the
Plane PLO; that Plane will cut the Mson in a great
Circle, called the.Circle of Vifion, which will {epe-
rate the Vifible from the Invifible Hﬁmlfphem
of the Moon.

Hence ’tis plaim, that if the Adoon be at the
Point A of it’s Orbit, that the Circle of Vifion
PLO, will coincide with the Circle MLN, which
is the Boundary of Light and Darknefs, and fo

the enlightned Hemifphere of the 4doon will be
turned



ExprRIMENT AL Puivosopuy. 424

turned towards the Earth, and then with refpeét
to us itis called Full-Moon; when therefore the
Moon is full, it muft confequently be in Oppofition
to the Sun, becaufe from the Earth, the Sun and
- Moon then appear in oppofite Parts of the Heav-
ens, the one fetting when the other rifes. When
the Moon comes to B, ’tis plain that the whole
enlightned Difk or Hemifphere MPN, is not
turned towards the Earth, there being a Part of
it MP not to be feen by us; therefore the vifible
.illuminated Part, will be deficient of being a
Circle, and will be Gitbous. When the Moon
arrives at C, where the Angle CTS 1sa Right An-
gle, the Angle TCS will differ very little from
being alfo a Right Angle, upon Account of the
vaft Diftance of the Sun from the Esrth and Mook,
{o that CS and TS may be looked upon as paral-
lel ; therefore the Circle of Vifion OP, will bifect
. the Boundary of Light and Darknefs MN at Right

Angles, and fo half of the enlightned Hemifphere
. will only be vifible to us, and then fhe is called an
' Half-Moon, and is faid to be in a Quadrate- Afpeét,
5 orto bein one of her Quadratures, or within a
) Quadrants Diftance of the Sur. When the Moo#
4 has got to D, then only a {mall Part PN of the
'8 enlightned Hemifphere, is turned towards the
| Earth, and therefore becaufe the 47pom 1s of a
. fpherical Form, that vifible enlightned Part, will
~ appear horned, with the Horns turned to the 227/ -

sward. When the Moon arrives at E, the Circle
1§ Bounding Light and Darknefs, will coincide with
8 the Circle of Vifion, and then the Moon will dif-
i8 apppear, having its darkned Hemifphere turned

towards
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towards the Earth ; and when it is in this Situ:giuﬁ
it is faid to be in Comjunition with the Sum, and
to be New-Moon. W hen the Moon advances to F,
fhe again aflumes an horned Figure ; but the Horns
which before the New-Moon were turned to the
Weffward, are now turned to the Eaflward. When
the Moon arrives at G, fhe is again in a Quadrate-
Afpelt, or in one of her Quadratures, where fhe
will be an Half-Moon, and ac H fhe will be more
than half full or Gibbous; but in A the will again
appear with a full Face,

As the Moon enlightens the Earth by its reflected
Light from the Sun; fo the Eaith enlightens the
Moon by its reflex Light: And becaufe the Surface
of the Earth is above fifteen Times greater than
that of the Moon, thercfore the Earth may well
be fuppofed to give the Moon a Light, which is
fifteen Times greater than that it receives from
it,
In New-Moons °tis plain thar the enlightned
Hemifphere of the Earth is fully turned towards
the Moon, and will therefore at that Time illumi-
nate the dark Side of the Moon; and then the
Lunarians will have a full Earth, as we in a fimilar
Pofition have a full Maon. And hence it is that,

a dim Light is obferved in the old and new Mooms

whereby we fce the reft of the 4%0n’s Body, befides
the bright Part which is horned. When the Moo
is full, then the Sux and Earth will appear in Con-
junétion to it, and the Lunsrians will then havea
new Earth; after which the Earth will appear
Horned to them. In fhost the Earth will fhew

the
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the fame Appearances to the Inhabitants of the
Moon, as the Moon does to us.

Though as betore, the Moon defcribes 1ts Orbit
in 27 Days and 7 Hours called a Periodic Month,
yet the Time it takes from one Conjuction to the
next, will be nearly 29 Days 12 Hours, which is
talled a Symodic Month. Thus, Fig. 874, let S
reprefent the Sun: T the Earth, AB a Part of
the Earth’s Orbit round the S#z, and ALDC the
Orbit of the Moon: Let the Earth be at T, and
the Mpor at L, in Conjunction with the Suz,
Now while the Azoon is moving from L round it’s
Orbit, it’s plain that the Earzh myft make fome
Progrefs through it’s Orbit, carrying the Mion’s
Orbit along with it: So that while' the Moon hag .

moved quite round it’s Orbit, the Earth will be

carried from T to t, and the Moon’s Orbit will
be ‘in the Situation /2 cd, and the Point L will be
in the Line 7/, parallel to the former TL, and
confequently the Moor will be then in Z and

will have compleated it’s periodic Month ; but it will
not be in Conjunétion with the Sux ’till it has moved

farther on to M, when it will have cumplcated

1t’s Synodic Month.

It the Moon’s Orbit fay in the Plane of the Ec/ip-

tic, that 1s, 1t the Earth and Moon moved in the
‘{ame Plane ; °tis manifeft thatin about a Month, the
Mem would be feen to defcribe the fame Circle

in the Heavens, that the Surz appears to do in a

Year, thatis, it would deferibe the Eeliptic Circle
But becaufe the Mppi’s Orbit, does not lie in the

fame Plane with the Earth’s, or in the Plane of
the Ecliptic, but is inclined to it in an Angle of
Gg about
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about five Degrees; the Moon is feen to be fome-
times above, fometimes below ; and at other Times
in the Ecliptic. Thus, Fig. 88, let AB be a Part
of the Zarth’s Orbit, T the Earth, CEDF the
Oxbit of the Moon, CGDH a Circle of the fame
Diameter with that of the Mpon’s Orbit, lying
in the Plane of the Ecliptic. Thefe two Circles
being in different Planes, and having the fame
Center T, will interfect each other in the Extremi-
ties of the Line DC, which paffes through the
Earth ; and one half of the Moon’s Orbit CED,
will rife about five Degrees above the Plane of
the Circle CGDH towagds the North, while the
other half DFC, will be as far below it towards
the South. The Right Line DC at whofe Ex-
tremities the two Circles interfe€t each other, is
called the Line of the Nodes; and the Points
D and C are called the Nodes. The Node C where
the Moon begins s afcend Northward, is called
the afcending Node, or the Dragon’s Head, and is
thus maked £; the other Node D whence the
Moon begins to deicend to the Southward, is call-
ed the defcending Node, or the Dragon’s Tail, and
is thus marked . Hence ’tis plain, that the
ddgon cannot appear to be in the Ecliptic, but twice
in it’s Period round the Earth, that is when it.is
in a Node ; and that the more diftant it is from a
Node, it is the farther removed from the Plane of
the Ecliptic: The two oppofite Points of it’s Or-
bit E and F that lie in the Middle between the
Nodes, are called the Limits; becaufe they fhew
the utmoit Diftance the Mpon can be from the

Plane of the Ziliptic,
| It ,
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It has been found from Obfervations, that the
Line of the Nodes changes it’s Situation from
Eaft to Weft, contrary to the Order of the Signs,
and by this retrograde Motion, finithes 1c’s Cir-
culation in about 19 Years; after which Time
the Nodes return to the fame Points of the Ec/ip-
tic again, -

Of the Inequalities 7n the Moon’s Motions,
and of it's Surface.

Hitherto we have confidered the Moox to move
in a Circular Orbit about the Earth, but Obfer-
vations have convinced us that fhe is fometimes
nearer, and at other Times farther from us, and
!:hcreﬂ}rc that her Orbit is of an elliptic Form,
in one of the Foci, of which Fig. 89. 1is the
Earth T ; the greater Axis of the Ellipfe AP is
called the Line of the Apfides, TC is the Eccentri-
¢city ; the Point A or highet Apfis which is molt
diftant from the £arth is callcd_ the Apogeon of the
Mioen 5 and the loweft Apfis P, is called it’s Peri-
geon, being that Point of the Moon’s Olbl[, which
1s neareft to the Earth.

The Moon’s Orbit is not only carried with the
Earth round the Sun, but it has a Motion from
Weft to Eaft about the Egrth, in the Space of al-
~moft nine Years, in which Time it will return to
it’s former Situation.

The periodical Months are not equal. For
when the Earth is in it’s Apbelion, or meft diftant
from the Sum, the Moon bemng fo likewife 5 fhe

then moves quicker, and Perfarms her Circulation
Gga IR
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in lefs Time, Again, when the Earth is init’s
Peribelion, or 1s leaft diftant from the Sum, the
Moon being fo likewife; the Moon then moves
flower and performs it’s Circulation in a greater
Time : Seeing therefore that the Moon revolves
about the Earth in alefs Time, when the Earth
1s in 1t’s Apbelion, chan when it 15 in it’s Peribe-
lion , the periodical Months cannot be equal.

When vhe Mpon is in either of the Syzyga A or
P, or in thofe Points of it’s Orbit, which are
ina Line with the Sun and Earth, the will then
move {wifter, than when fhe is in the Quadri-
tures.

According as the Moon is removed from the Sy-
zyga fhe flackens her Pace, and increafes it as fhe
goes towards either of them. Thus, from her
Change to the firft Quadrature, the every Day
moves flower, and from that Quadrature to the
Full, fhe moves quicker daily ; again, from the
Full to the laft Quadrature, the every Day moves
flower, and from the laft Quadrature to the Change,
the daily moves {wifter. This Inequality is called
the Myon’s Variation, and was firlt difcovered by
Tycho Brabe,

The Moon moving in an Ellipfe round the
Earth, defcribes equal Areas in equal Times, as
the primary Pleners do in moving round the Sun ;
therefore the Moon muft be quickeft in the Perigeon,

and floweft in the Apogeon.
- The Orbit of the Moon is changeable, for it
increafes and decreafes: It is greateft, for the Ex-
centricity is greateft, when the Line of the 4pfides
coincides with the Syzyga, or when it is in the Line
' that
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that joins the Su#z and Eartk 5 and the Excentricity
is leaft, when the Line of the Apfides is at Right
Angles with the other, The Difference between
the greate(t and leaft Excentricity is fo confiderable,
thai it is half of the leaft.

The Apogeon of the Moon is alfo variable, fome-
times moving forwards, and again backwards.
When it coincides with the Syzygal/ Line, it moves
forwards, but when it cuts that Line at Right
Angles, it moves backwards, and it’s Progrefs and
Regrefs are very unequal. When the Moon is in
her Quadratures, the Apogeon goes but flowly for-
wards, ftands ftill, or moves backwards : But when
the Moon is in Oppofition to the Sun, the Apogeon
has a quick Motion forwards,

The Motion of the Nodes 1s alfo variable, for
when the Line of the Nodes coincides with the
Syzygal Line, they have no Motion; but when

they curt that at Right Angles, they go f{wiftly
backwards from Eqff to IVef.

All thefe Irregularities were firft difcovered by
Sir Isaac Newrton, who has thewn that they all
arife from the Theory of Gravitation of Matter to
Matter.

The only regular Motion the Moon is endued
with, is, that in one fingle Rotation round her
Axis, The moves round her Orbit ; by which Means
fhe always keeps the fame Face to us: Yet this
very Regularity is the Caufe of a feeming Irregu-
Jarity, If indeed the Moow’s Orbic were a Circle,
then we would always fce the fame Face : But
becaufe it is an Elliple, in one of whofe Foci is
the Earth; we cannot fee the very fame Face,

by
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by it’s defcribing equal Areas in equal Times;
but fometimes we fee more of its Eafferr Limb,
and at other Times more of its Wefters Limb
and thefe Appearances are calied the Librations
of the Moon. oy

It the Moon’s Difk or Face, were {mooth as a
convex Mirror, it would oniy reflet the Sun’s Rays
in certain Direétions, which would terminate In
a Point, where the Sur’s Image would be feen
very {mall, but with immenfe Luftre: It would
not refle@t Light as it does by diffufing it onall
Sides, if it’s Surface were not very rough and
uneven.

That the Surface of the Moon is notonly rough
and uneven, but that there are many Hills and
Vallies thereon, may be thus proved, If it’s
Surface were fmooth, the Arch defcribed by the
Terminator of Light and Darknefs, either in a
horned, or a gibbous Aven, would appear to be
aregular Curve, free from any Excrefcences ; and
in the Quadratures, the Terminator of Light and
Darknefs, would be a Right Line. But by viewe
ing the Moon through a Telefcope, we find there
are no fuch regular Curves or Lines to be feen
on it’s Difk, but that the Confines of them are
tinged or illuminated with a Multitude of Spots
and Breaks diforderly fcattered. From the third
to the fifth or even to the fixth Day of the Moon,
there may be ebferved many fhining Points fecat-
tered in the dark Parc near the Light, which be-
ing obferved through a Telefcope, will ina few
Minutes be found to dilate and expand themfelves
gradually, ’till they join the light Part; and in

the
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the mean Time new Spots again are continually
appearing at fome Diftance from the light
Part, which again expand in a few Minutes and
are joined to the Light, and the contrary is found
in the laft ﬁ?Da}ls of the Meon. Therefore the

Surface of the Moen is not {mooth but rough and
| uneven.

The Spots which appear without the illuminated
Part, are the Tops of very high Mountains,
which rife far above the other Paris of the Surfaces
and are thereforée f{ooner illuminated than the low-
er Parts, and continue longeft to fhine. There
are alfo in the illuminated Part of the Moor many
dark Spots, which feem to be large Cavities, when
the Sun fhines obliquely uponm them; but as the
Sun rifes more and more, the dark Parts become
lefs and lefs, and at Length they vanifh. ,

Apronomers find, that the Mountains in the Moon
are much higher than thofe of the Earth. They
have found fome of them to be nine Miles high,

which is three Times higher than the higheft Hills
on the Earth. o

A Full Moon when viewed through a Telefcope,
is feen to abound with a great Number of large
‘dark Spots, intermixed with white ones, which
dark Spots are Cavities, and the white ones are
Mountains. Some have imagined the dark Spots
to be Seas, but they confift of a darker Matter
than Water, which does not reflect the Light, =~

There are neither Clouds nor Vapours about
the Moon, from whence Rain may be generated :
If there were, they would fometimes cover it’s
Difk, or render fome of its Parts obfcure to us,

which-
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which never happens. It is probable that the
Moon has not even an Atmofphere, becaufe the

Planets and Stars which are feen near it’s Limb,

have not their Light refratted, as it is in pafiing
through our Atmofphere. If any Atmofphere it
has, itmuft be of a very extraordinary thin Nature,

Hence there is a conftant Series of fine ferene

Weather in the Moon.

Hevelius has given Geoggraphbica! Names to the
feveral Parts of the Aoon, by calling fome Iflands,
Countries, and Seas after thofe on the £arsh, with-
out any regard to Situation or Figure.

Of the Eclipfes of the Sun and Moon.

All opaque Bodies, which are expofed to the
Sun, caft a Shadow behind them, which Shadow
is a privation ‘of Light in the Space it poffefles.

The Earth therefore being an opaque Bedy, cafts -

a Shadow into the Heavens in an uppuﬁte Drc&mn
to the Sun. '

This being premifed, we will fhew that thee

.Sﬂ#ﬁ bigger than the Earth.  Thus,

1. Fig. 8o. If the Sum and Zarth were of equ:ﬂ
Dlameters it is plain that, the Shadow of the Earth
would form a Cylinder, which would be infinite.

2. Fig. 81. If the Sun were lefs than the Eﬂ”g,
1t 1s -allo plam that, the Shadow would form an in-
finite truncated Cone, which being farther con-
tinued would ‘take up ftill the greater Space.
‘Now in either'of thefe Cafes, becaufe the Shadows
are infinite 3 fometimes the (uperior*Planets, Mars,
Fupiter, and Saturn would be involved in them,
' and
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and they would by that means fuffer Eclipfes. Bug
thefe Planets have never been found to fuffer
Eclipfes, therefore the Surn is neither equal o,
nor is it lefs than the Earth, and confequently it
muft be greater than the Earth.

Fig. 82. Seeing therefore that the Sun is greater

‘than the Earib, it is plain the Earih’s Shadow

muft be in the form of a Cone, and muft termi-
nate in a Point. And becaufe the Adpon’s Diame-
ter 1s found to be contained about tniree Times

#n the Shadow, it is plain that the Avon muft be
lefs than the Earzh,

Let S reprefent the Sun, B the Earth, and ABC

‘the conical Shadow. It is plain that there can

be no Line drawn from the Sum, to' any Point in

the Space ABC which muft not fall onthe Earth;

and feeing the Earth is an opaque Body, the Sun’s
Rays cannot pafs chrough it, nor ean they illumi-
nate any Part of the Space ABC. Now when the
Moon being oppolfite to the Sun, is involved in this
Space, or Shadow, fhe fuffers an Eclipfe in the
very Time of Full Moon.

The Sun being greater than the Earth, and the
Earth again being greater than the Moon;, the Sun
muft therefore be much greater than the Moon,
and the Moon’s Shadow muft form a much lefs
Cone than that of the Earth. Now if this Sha-
dow of the AMoon fhould happen to fall on the
Earth, which can only happen when the Moon is
in Conjunétion with the S#z, then the Inhabitants
of the Earth, on whom the Shadow falls, will be
involved in ‘Darknefs, and the Szz will feem to
be in an Eclipfe, fo long as the Shadow covers

H h £ them

i
g
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them. Fig. 93. But becaufe it’s Shadow is much
lefs than the Earth, it can only cover a fmall Part
of the FEarth, fuch as BC; within which Space
only a total Eclipfe of the S#nwill happen ; becaufe
the Inhabitants in that Space, only are totally
deprived of the Light of the Sun; whereas
the circumjacent Inhabitants, who are near the
Shadow, will fee a Part of the Sux, and to fuch
the Eclipfe will be partial, and thofe who live about
P, will fee half the Sun eclipfed; But whoever
lives between M and N, will at the fame Time
fee the whole Body of the Sus, and will perceive
no Ecliple.

Thofe Inhabitants who fee a partial Eclipfe, are
faid to be in the Penumbra of the Shadow, that
is, they are neither in total Light nor Darknefs 5
fuch as are in that Part of the Penumbra, which
is neareft to the Shadow, cannot fee as much of
the Sur’s Body, as thofe that are farther removed
from it; therefore the former will fee a greater
Eclipfe than the latter: and thofe who are without
the Penumbra, will {ee no Eclipfe.

If two Candles be placed a lictle diftant from
each other on a Table, and a Ball be placed on
the Table about a Foot from them, in a Line
which 1s at Right Angles to the Middle of a
Line drawn, between the Centers of the Candle-
fticks; a conical Shadow of the Ball will be ex-
hitited, and en either Side of it a Penumbra.
In one Side of the Penumbra, the Candle on that
Side only can be feen, and in that of the ocher
Side, the other Candle can be only feen; But
in the Shadow neither can be feen.

From
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From what has been faid ’tis plain, that there
cannot be an Eckipfe of the Moon but at a full
Moon, or when the Moon is in oppofition to the
Sun ; nor can there be an Eclipfz of the Sun, or
vather of the Earth, but at a new Mson, or when
the Moon is in conjunftion with che Szn. And
Yet the Sun and Moon, do not {uffer Eclipfes every
Month, which they would do if the Mson’s Orbit
were in the plane of the Ecliptic. But we have
already fhewn, that the Moon is never in the Plane
of the Ecliptic, but when it is in a Node, or in
one of thofe Points, where the Plane of the Moon’s
Orbit interfcéts the Plane of the Ecliptic; and
therefore the Sun, Mpen and Earth cannot be in
the fame Plane, and in the fame Right Line, un-
lefs the Mopon be in a Node, and that Node be
at the fame Time in a right Line, conneting the
Centers of the Sun and £arth. When this hap-
pens, and the Moon be at the Full, the Axis of the
Farth's Shadow will pafs through the Center of
the Moon, and then the Moon will fuffer a total
and central Eclipfe. The Duration of an Eclipfe
therefore muft be juft as long as the Moon takes
up in paffing through the Shadow of the Earth,
or through a Circle whofe Diameter is three
Times greater than the Diameter of the Moon,
or fo long as the Moon is paffing through an Arch,
which is equal to four of it’s own Diameters, thag
is, about two Degrees 5 which Space, the Moon ge-
nerally moves through in four Houss. Fig. 94.
Thus, if MN reprefents the tranfverfe Seétion
of the Earih’s Shadow, at the Diltance of the
Moan, CD a Part of the Moan’s Orbit defcribed in

Hhz the
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the Time of Fu/l Moon, BGA a right Line in the
Plane of the Ecliptic; F will be the Pofition of
the Moons Center, when fhe firlt touches the Sha-
dow, I the pofition of the fame when fhe leaves
it; G will be the Node, and the Center of the
Moon when the Axis of the Shadow pafies through
1¢, 1 the Moon’s Center when the whole Body is firlt
involved in the Shadow, and H the fame, when
the Moon begins to quit the Shadow.

Becaufe the Diameter of the Earth’s Shadow is
much greater than the Diameter of the Moon; it
is plain, there may be total, Eclipfes of the Moon,
when the Moon is not only in a Node, but when it
1s near one. For the Node may be at fuch
a Diftance frem the Axis of the Shadow, that the
Moon- may {uffer a total though not a Central
Ecipfe; asin Fig. 95. or it may fuffer a Partial
Eclipfe, as in Fig. 96. g7. But when the Node is
removed from the 4xis of the Shadow above
twelve Degrees at the Time of Full Moon; the
Moon thén will have fo great a Latitude, or will be
removed fo far above, or beneath the Plane of

the Eclipric that it will pafs over, or under the
Shadow and will not be eclipfed. Therefore an

Fclipfe of the Mson can only happen at a Full
Moon, and that only when the;Moon is in a Nede, or
within twelve Degrees of one.

Juft as the Earth’s Shadow when caft upon the
Moon, produces an Eclipfe of the Moon; fo like-
wife will the Moon®s Shadow when caft upon the
Earth, producean Eclipfe of the Earth in thofe
Places where the Shadow falls, as was already

are
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are more commonly, but improperly called Eclipfes
of the Sun, fince the Sun never ceafes to fhine,

cannot be total with refpeét to the Earth, thatis,
the Mupon’s Shadow cannot involve the whole
Earth atonce in Darknefs, feeing as before the Moon
itfelf is much lefs than the Earsb ; and again, the
Moon’s Shadow {till lefs: So that to thofe Inhabi-
tants which are in the Axis of the Moon’s Shadow,
the Sun can only be totally and centrally Eclipfed 5
to thofe ‘who are in any Part of the Shadow that
is not in the Axis of the Shadow, the Eclipfe will
be total; to thofe who are in the Penumbra, it
will be partial 5 and thofe who are without the Pe-
numbra, will fee no Eclipfe.

It fometimes happens, that there is a central
Eclipfe of the Sun, which is not total. This happens
when the Moon’s Shadow does not extend fo far
as the Earth, for to thofe Inhabitants of the Earth
which are immediately under the Vertex or Top
of the conical Shadow, the Mpon’s Center will
appear to coincide with that of the Suz; and the
Mpoon will not then obfcure all the Sux’s Difk, but
will leave a lucid Amnulus or Ring, between it’s

Verge, and that of the Sun. And fuch an Eclipfe
is called an emnular one.

Of the DireCtions, Stations and Retrogradations
of the Planets.

From what has been already faid concerning -
nus, it is Plain that fhe undergoes the fame Chang-
¢es and Phafes that the Moor does, and no doubt
Mercury alfo does.

Thefe



238 A4 COURSE o

Thefe inferior Planets are feen more Eaflerly
than the Swn; from the Time of their fuperior,
to thatof their inferior Conjunétion ; during which
Time they fet after him, and then they are Even-
ing Stars. But from the Time of their inferior,
to that of their fuperior Conjuétion, they are
leen Weflward of the Sur; and confequently they
fet and rife before him, and then they are Morning
Stars.

It is plain that thefe Planets are continually
changing their Diftances from the Earth, and that
their Diftances in their fuperior Conjundtions,
muft exceed thofe in their infe.ior Conjunétions
by the Diameter of their refpeitive Orbits. By
this Means Venus appears [ix Times nearer us in
her inferior, than in her fuperior Conjunction,
but thefe greateft and leaft Diftances are fometimes
changed ; becaufe the Planets move in elliptical,
and not in circular Orbits, as we have hicherto
{fuppofed. For Venus is moft remote from the
Earth, when the fuperior Conjunction happens at
the very Time that both fhe and the Earth are in
their Aphelions ; and the Diftance of Zenus and
the Earth is leaft, if the inferior Cenjunétion hap-
pens at a Time when Peuus is in her Aphelion,
and the Earth isin it’s Perihelion.

It was before faid that Penus was obferved by
Mr. Horrax, to appear like a Spot upon the Difk
of the Suz in 1639, which is a Sight feldom
to be feen. But the like may be again feen upon
the 26th Day of May, 1761 1n the Morning, if
Clouds do not interpofe.

The
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The Luftre ot Penus decreafes in a duplicate
Proportion as the Diftance increafes, therefore fhe
will not appear as bright when fhe is full as when
the is nearer the Earth; Dr. Halley has fhewn
that Venus is brighteft when fthe is about 40 De-
grees semoved from the Sun, and that then no
more than a fourth Part of her lucid Difk is to
be feen. In this Situation Zenus is often feen
in the Day Time, and even when the Sun is
fhining.

This extraordinary Luftre of Fenus is truly ad-
mirable, fince the like 1s not to be found in any
ot the other Planets, nor even in the Moon, ’Tis
true the Moon’s Light is ‘'much the greateft as her
apparent Magnitude abundantly exceeds that of
Venus ; yet ic’s Light is but dead and dull when
compared with the {prightly brifk Light of Ve-
HUS.

The Orbits of the Planets are inclined to the
Plane of the Ecliptic in different Angles. Thus,
the Orbit of Sazurn 1s inclined to the Plane of
the Ecliptic 1n an Angle of 2 Degrees and 30 Mi-
nutes; that of Fupiter in an Angle of 1 Degree
o0 Minutes; that of Mars in an Angle of 1 De-
gree 52 Minutes ; that of Penus in an Angle of
5 Degrees 24 Minutes ; and rthat of Mercury in
Angle of 6 Degrees 54 Minutes.

The Line where the Plane of a Planet interfefls
that of the Ecliptic, is called the Line of the Nades,
and the Extremities thereof are the Nodes. A
Planet therefore can never be feen in the Ecliptic,
but when it is"in the Node. When a Planet is in
any other Part of it’s Orbit, it is either on the

North
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North or South Side of the plane of the Ecliptic.
This Deviation from the Plane of the Ecliptic,
when viewed from the Earth is called the Geocen-
tric Latitude of the Planer, but if viewed from the
Sun it jis called the Heliocentric Latitude. Now
whenever a Planet comes to the fame Point of
~it’s Orbit, the Heliocentric Latitude will be the
fame, and it will be greateft, when the Planet
is go Degrees from a Node. But the Geocentric
Latitude will vary, becaufe the Earth will be near-
er to, or farther from 2 Planet at one Time than
at another, when the Planet is in the fame Point
of it’s Orbit. | |

If a Zone or broad Circle of 8 Degrees be con-
ceived to be carried parrallel to each Side of the
Ecliptic; thefe two Zones compofe one Zone,
which is 16 Degrees broad ; and this Spaceis called
the Zodiac, within which the Planets always move,

The fixed Stars that are within the Zodiac are

thrown into twelve Conftellations, or Afferifms, viz.

1. v Aries, the Ram. 2. w Taurus, the Bull.
3. I Gemini, the Twins. 4. % Cancer, the Crab.
5. L Leo, the Lion. 6. MW Virgo, the Virgin.
7. = Libra, the Ballance. 8. m Scorpio, the
Scorpion. ~g9. # Sagittarius, the Archer. 10. W
Capricornus, the Goas. 11. % Aquarius, the #a-
berer. 12. ¥ Pifces, the Fifbes.

The Planets Mercury and Venus move much
fwifter in their Orbits at one Time than at ano-
ther; and their Motion at fometimes appears to

be dire, or according te the Order the Signs of
' ' the
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the Zodiac. Sometimes their Motion appears Re-
trograde, or in a contrary Order of the Signs, and
fometimes they appear to be Stationary, of
without any Moticn at all, for fome Days toge»
ther. All which is occafioned by the Earth and
thefe Planets moving in concentric Orbits, one
within another, but with different Velocities.

Fig. 98, Let the lefler Circle about the Sun re-
prefeat the Orbit of Mercury, and the larger the
Orbit of the Earth. Now becaufe the Earth
moves through only one Quarter of it’s Orbit, in
about the fame Time that Aercury makes one en-
tire Revolution round us; or that one Quarter of
the Earths Orbit which is run through in 12
Weeks, may anfwer or be equal to the Time of

| Mercury’s Period ; let us divide one Quarter: of

Y —————

o

the Earths Orbit into 12 equal Parts, and the en-
tire Orbit of Mercury into the like Number of
equal Parts, asin the Scheme; thenit is plain
that when the Earth is at o in it’s, and Mercury
at o in his Orbit, he appears at o in the Zodiac.
About a Week after, when the Earth is in 1 in it’s
and Mercury is at 1 in his Orbit, he will appear to
be at 1 in the Zodiac. In the Like Manner when
the Earth is at 2, 3, 4, 5§ &%¢. in it"s Orbit, and"
if at the fame time Mercury be at 2, 3, 4, 5, Fa
in his, Mercury will be feen to be in 2, 3, 4, 5,
§9c. in the Zodiac. So that from the Time the
Earth leaves o, and Mercury leaves o, till the
Time that the Earth arrives to 4 and Mercury to
4, the Planet appears to move Direff, and it’s
Motion becomes flower. About the Time the Earth
is at 4, and Mercury is at 4 he will appear Szatlo-
: Ii nary
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nary; for though the Tangent Line 444 can touch 4
the Orbit of Mercury but in one Point, yet a little

before Mercury arrives at that Point, and a little
~ after he has quitted it, he will be found t> appeat
very nearly in one and the fame Point. At 555
he appears to move Retroprade, alfo at 666 when
he i1s in his Inferior Conjunétion, and at 777
till about 888, he is again Stationary; after
which at 999 and 10 10 10, he becomes again Di-
etk 5 and more {wiftly at rv 11 11 and 12 12 12.
The Caie of Penus is the fame,

The Superior Planets Mars, Fupiter, and Saturn,
are by Turns Morning and Evening Stars, as well
as the inferior ones are; and they alfo appear
Direit, Stationary and Retrograde.

Fig. 99. Let the leffer Circle about the Sun re-
prefent the Orbit of the Earth, and the larger
that of Fupiter, who moves through, about a 12th
Parc of his Orbit, while the Earth compleats it’s
Revolution round the Sun. When the Earth is at
o init’s, and Fupiter at o in his Orbit, he is feen
ato in the Zodiac, about a Month after at 111 he
appears Direi? 3 and near his Conjunétion with the
Sun ; at 222 and 333 he continues Diref though
more {low in his Motion ; about 444 he is Stationry 3
at 555 he appears Retrograde, as alfo at 666 when
he is in Oppofition, and at 777, till about 888 ;
and then he is again Stationary ; after which at 999 |
and 10 10 10, he becomes again Direff, and more |
fwiftly at 11 11 11 and 12 12 12. The Cafe
of Saturn and Mags are much the fame, e |

Seeing the fuperior Planets appear Direff, Srar?.ﬁ-. 4
warys and Rerrograde, the Earth muft have it’s 1

annual }i_'
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annual Monion round the Sun; for it 't hat no
fuch Motion, they could never appear otherwiie
than Direél.

dlirolygers afcribe to- the Planets a certain Influ-
ence they conceit. they have upon us, according
to their different Afpefds ¥, and by which they
pretend to foretell Events.  But whoever confiders
the vafl Diftance they are from us, and the proba-
bility of their being habitable Worlds, will not
cafily be induced to believe o great an Ablur-
dity.

Of Comets.

Comets, or Blazing-Stars were antiently fuppofed
to be Meteors, or Exhalations, fet on Fire in the
Atmofphere ; but the modern Aftronomers have
found that they are not only above the Earth’s

119 Atmof-

* AJpests of the heavenly Bodies, fignify their Situation in
the Zodiac, with refpeét to one anether, of their Diftance from
one another in Longitude. The Name and Charaélers of the
different Alpects are.

1. w Sextile, when they are two Signs, or 6o Degrees
aflunder. 4

2. O Zuartile, when they are three Signs, or go Degrees
diftant.

3. o Trine, when they are four Signs, or 120 Degie:s from
each cther, AT

4- & Oppofition, when they are fix Signs, or 180 Degrees
afunder,

5. & Comjunifien, when they are in thefame Sign and De-

- gres,
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Atmofphere, but that they are even beyond the
Moon’s Orbit. It is probable that they are very
excentrical Planets, which move periodically round
the Sun, or that their Orbits are very long Ellipfes,
having the Sun in one of their Foci.

The Motion of Comets is very variable, for
fome go from Wef to Eaft, others from Eaf to
Weft; fome from North to South, and again others
from South to North s in fhort they move in all
Direétions, fo that they. have no Zodiac to contain
them,

There have not been many more than twenty
Planets, which have been hitherto obferved, fo
as their Paths in the Heavens have been particular-
Jy traced ‘and deferibed 5 and the periodic Times:
of only two or three of them are yetknown.

When the Comets defcend near to the Sun, they
become vifible, and continue fo for fome Time,
*till they afcend again, and leave him ; and as they
remove by Degrees from the Sun, we loofe Sight
of them, and at length they difappear, and are
‘not again feen for along Time,

When a Comet defcends near the Sun, it be-
comes greatly heated, and it’s Tail feems to
be a long and lucid Train of Vapours, which
iffue from the Body, in a contrary Diretion to
‘the Sun.

Comets are divided into -three Kinds, viz. Cau-
dati, or lailed, Barbati or Bearded, and Criniti or
Hairy. This Divifion does not arife from any
-real Difference ‘there is in‘the Comets themfelves,

but
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but from different Circumftances of the fame
Comet. Thus,

When a Comet is moving toward the Sun, the
Train of Vapours follows it, like a Tail.,

' When the Comet is moving from the Sun, or

when it has left it’s Perihelion, the luminous Va-
pour precedes or goes before it, in the Manner of
a Beard,

When the Vapour is projefted dire@ly behind
the Comet with refpect to us, it is almoft from our
! View ; for we then fee only a little of it appearing
| round the Comet, like a Border of Hazir. This
Appearance is owing partly to the Expanfion ef the
Train, which widens as it recedes from the Head
| of the Comet, by which Means we fee fome of the
| remote Vapours about it; and partly, becaufe
what is raifed by the Heat of the Sun, is thrown
‘off by the Nature of Gravitation, the contrary
' Way. For as in the Atmofphere, the Smoke
of all heated Bodies, afcends from the Earth to-
wards which the Body gravitates; fo in the Hea-
vens, where all Bodies gravitate towards the Sun,
Smoke and Vapours muft afcend from the Sung
therefore the Vapours which are raifed from that
Side of the Comet which is towards the Sun, is
turned backwards, and thrown the contrary Way,
Confequently when the Comes is oppofite to the
Sun, and the heated Side 1s turned towards us on
the Earth, the Vapours which muft be inan op-
pofite Direétion to us, in returning back, are feen
round the Edge of the Comets Difk; which oc-
cafions us to compare it to Hair, becaufe it bears

fome Refemblance theretos
The
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The Tail or Beards of a Comet appear longer or

sl

fborter, not only as it 1s projected to a greater of

lefs Difiance -from it, but becaufe it appears to us
under a greter or leffer Angle. When the Tail
- is feen at a right Angle, it then appears longeft,
after which, as the Angle under which itis feen,
becomes more and more acute, it will appear ftill
to be the thorter. s

Sir Isaac Newrton has computed, that the great
Comet, which appeared in 1080 and in 1681, was
on acgount ot it’s unufual proximity to the Sun,
heated to fo extraordinary a' Degree, that it was
2000 Times hotter than red hot Iroh, This Comet
goes at leaft yi200 Milions of Miles from the
Sun, and yet it does not arrive within a 4oth
Part of the Diftance to the fixed Stars.

Bodies that are capable of bearing fo intenfe

a Heat, without being entirely diffipated and
deftroyed, muft needs be wery hard and folid;
fuch therefore no doubt the Comets are.

Hevelius, found the Diameter of the Comet
that appeared in 1665, to be three Times greater
than the Farch’s Diameter; and confequently it's
Solidity, to be 27 Times greater than tae karth’s,
Spheres being to one another, as the Cubes of their
Diameters,

The Comet that appeared in 1682, is fuppofed
to be the fame that appeared in 1607, and béfore
In 1531 ; therefore it’s Period muft be 75 or 76
Years, and jts Return may be expeéted in 1758.
I’s greateft Diftance from the Sun, is to it’s leaft,

as 60 to 1; and i’s greateft Light and Hear, is
to it’s leaft, as 3600 to 1.

The
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The Comet that appeared in 1661, is fuppofed
to be the fame that appeared in 1532: and con-
fequently it’s Period is about 126 Years, and it’s
Return may be expeéted in 1789.  It’s greatelt
Diftance isto it’s leaft, as 100 to 1; and it’s great-
eft Light and Heatis to it’s leaft as 10,000 to 1

The great Comet that appeared in 1680 and in

1681 is fuppofed to be the fame that appeared in -
~ the 44th Year of the Chriftian ZEra, and again
in the Year of our Lord 531 or 532, again in 1106,
and laftly in 16803 therefore it’s FPeriod muft be
£76 Years, and it’s Return may be expected in
the Year 2256. It’s greateft Diftance is to it’s
lealt, as 20,000 is to 1, and it’s greateft Light
and Heat is to it’s leaft as 400,000,000 to 1.

We know little or nothing of the Ufe of Comets.
| They feem to be very unfic for the Habitation of
| Animals, becaufe of their intenfe Heat, when
they are near the Sun, and of their extream Cold,
when they are fartheft from it; yet we have na
room to doubt, but they are made for much nobler
Purpofes, than to prefage approaching Calamities ;
which feveral are idle enough to imagine they do,

Of the Tides.

The whole Globe of the Earth is every where
prefled by Gravitation towards it’s Center.

If the Surface of the Globe of the Earth were
covered with a Fluid, and if fome Parts of it’s Sur-
face were more prefled than others, the Parts which
were moft preffed, would be loweft, or neareft to
the Center; and thofe that were leaft preffed,
would be higheft or meft diftant from she Center.

The
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"The Sun and Moon attra@ and are attrafted by
the Earch, and the Force of their Atralion per-
vades the whole Globe. But the Moon’s Attrac-
tion is ftronger than that of the Sun, becaufe fhe
is much nearer to the Earth than the Sun is.

The Effeéts of the Moon’s Artraction upon the
Fluidsof the Earth, to alter their natural fpherical
Form, muft be as follow.

The Middle Point of that Hemifphere of the
Earth, which is next to the Moon, being more
attratted by the Moon than any other Part of
that Hemifphere, will by that Means be leaft pref-
fed upon by it’s own central Gravitation; and
therefore the Waters will rife higheft in that Point,
The Point which is diametrically oppofite to the
aforéfaid Point in the other I-Ifmlfphere or that
Point of the Earth, which is fartheft from the
Moon, being lefs attraéted by the Moon than all
it’s other Parts, will therefore be left behind them ;
from whence it will follow, that the Surface of
the Water at the Middle ot that Hemifphere will
be higher, or more remote from the Center, than
in any other Part. Thefe two middle Points will
therefore be higheft in their refpective Hemif-
pheres; the one being really more elevated, and
the other being Jefs depreffed by the Moon’s Attrac.
tion, than the adjacent Parts, and confequently
the Earth may be looked upon to be of a fpherio-
dical or oval Figure, whofe longeft Axis if pro-
duced, would pafs through the Moon. Now by
the Earth’s Rotation, thefe higheft Points will
be continually fhifting their Surface ; from whence

there will follow two Flood Tides and two Ebb Tides
in
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in the Space of 25 Hours; in which Time the
Moon removes from the Meridian of any Place,
50 the fame Meridian again.

When the Sun and Moon are in Cnnjun&inn
with, or in Oppofition to each other, that is at
New or Full Moon; the Attraction of thefe two
Bodies, acting upon the Earth in the fame Right
Line, their Force becomes united and fo railes
the Waters. And,thus Spring Tides are produced.

When the Mnun is in her Quadratures, her At-
traction aéts in one Direction, and the Sun in
a quite contrary one ; by this Means they correét
or counterat one another, the Moon raifing the
Waters, where the Sun deprefies them, and the Sun
raifing the Waters where the Moon deprefies
them. And thus Neap-Tides are produced.

It is ﬁlaill, that if the two Protuberances, of
Summits of Water, were always exatly at the
Poles of the Earth, there would be no rifing and

falling of Waters, by means of the Earths Rotati-

on, or no Tides at all; for it would conitantly be
high Water at the Poles, and low Water all round
the Equator, And were the two Summits of
Waters upon the Equator, or at their greateft
Diftance from the Poles 5 the Rife and Fall ot the
Waters, by means of the Earths Rotation, would
then be greateft: Therefore the nearer thefe Sum-

- mits are to the Poles, the Rife and Fall of the Wa-

ters are lefs, than when they are nearer theEquator.
Confequently when the Sun and Moon are in Con-
junction or Oppofition, in or pear the Equinoclial,
as in March or September, the Springlides muft nfe

Kk higher
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higher, the Summits being then upon the Equator,
than when they are in Conjunétion or Oppofition
in the Tropics as in Fune and December.  And the

Moon being in the Tropics at her Quadratures in
March and September, and in the Equinogtial at her
Quadratures in Fune and December, the Neap Tides
will be lefs vigorous in the former Months, than
in the latter. And befides when the Moon is in
the Tropics at her Quadratures the Sun is in the
Equinoftial; therefore the Rife and Fall of the
‘Waters by his Influence, counterating that of the
Moon, is then greateft, though ftill lefs than that
of the Moon; and confequently the Neap Tides and
will then be weakeft. But when the Moon is in
the Equinoctial at her Quadratures, the Sun is in
the Tropic, whofe Influence in counteraéting the
Moon, is then leafl; therefore the Neap-Tides will
then be ftrongeft. {o that the Difference between
the Spring and the Neap-Tidesis much lefs confi-
derable at the Solfficial, than at the Eguinotial

Seafons. ;
Yet the higheft Tides of the Year are obferved

to be fometime before the Vernal, and fometime
after the autumnal Equinox, wiz. in February and =
Oftober ; which is owing to the Sun’s being nearer
the Earth in.the Winter Months, when confe-
queutly the Force of his Attration on the Warers,
i greater, than in the Summer Months.

It has alfo been obferved, that in this Part of

the World, the Tides rife higher when the Moon
is in the Northern Signs, at the Time of her com-

ing to the Meridian above our Horizon, and when
fhe i3 in the Southern Signs at the Time of her

com-
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‘coming to the Meridian below the Horizon,
than when fhe is' in the Southern Signs above our
Horizon, and in the Northern Signs below it.
The Reafon of which will evidently appear upon
the Globe, wiz.: That in the former Cafes, the
Moon is nearer to our Zenith 'and Nadir, when
the is upon our Meridian, or at the Time of high
Water, and confequently we are then nearer to
the Summits of Water, than in the two latter Caf-
es. Though the Force, by which the Tides are
raifed is continually increafing, from the Time
of the Moon’s Quadrature to her Conjunétion ot
Oppofition, after which it gradually decreafes un
till the next Quadrature; yet the higheft Spring-
Tide is not juft at the New or Full-Moon, but
a Day or two after; which is thus accounted
for.

If we conceive every Tide to be raifed by a
dcuble Force, viz. Some Part of the Foree by
which the laft Tide was raifed ill remaining, and -
the Force of a new Impulfe. When both thefe
together amount to more than the whole Force,
which raifed the laft [T'id¢, the prefent Tide muft
rife higher than the laft dide® Spppofe the remain-
ing Force to be always half the whole Force of
the laft Tide, and that the new Impulfe, juft at
New or Full-Moon be 15, and the whole Force
with which that Tide is raifed be 22,

Let the new Impulfe of the next Tide be but
14 3 then 14 and 11, (half of 22) will be equal
to 25: This Tide will therefore be higher than
the laft. Let the new Impulfe of the next Tide
be but 13; then 13 and 12§, (half of 25) will

ik kg be
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be equal to 25%. | Confequently this Tide will rife
ftill higher than the laft did; though the Force
of the Acion of the two Luminaries, by which
the Tides are raifed, i§ now confiderably abated.
For the fame Reafon, the deadeft or loweft
Neap-Tides will fall out, not prf:f{:lftly at tht
Moon’s Quarters, but, fomctlme aftcr

¥

CHAP.
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ok < 4K e g
DOCTRINE,

"USE of the GLOBES,

GLOBE or ‘Sphere is a round Body,
A whofe Surface is every where equally diftang
fru_r_n it’s Center. It may be conceived to be
formed by the Rotation of a Semi-circle about it’s
Diameter. 3
The two Globes of which we here mean to treat,
are artificial fpherical Bodies: ‘The one is called
the Terreftrial or t}i_c Terragueous Globe 3 becaufe it’s
Surface comprehends a juft Reprefentation of the
Globe of the Earth as it confifts of Land, and
Water: And the other upon which the Starry
Firmament is defcribed, is called the Celeffial Globe.
We will therefore proceed to give a Defcription
of fuch Things as are common to both Globes,
and of thofe which are peculiar to the Terreftrial
Globe, and fo to it’s Ufe; and then, after thewing
the Parts which are peculiar to the Celeftial Globe,
we will proceed to thew it’s Ufe. '

There
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There are Things as well without, as upon the
Surface of each Globe, which are common to both
Globes, viz.

1. The two Poles, are the Ends of the Spindle
or Axis, upon which the artificial Globe turns ; or
they are the Ends of the imaginary Axis of the
Earth. One of thefe is called the Nerth, or the
Artic Pole, from two Bears that are nearit; and
the other the South, or the. Antartic Pole, being
oppofite to the former®.

2. The large graduated Brafs Circle, which cir-
cumfcribes the Globe, and which paffes through
the Poles is called the Brazen Meridian. 1t divides
the Globe, into two equal Parts called the Eaftern
and Weftern Hemifpheres, and it is divided into
four Quadrants of go Degrees each, two of which
are numbered from it’s Middle to each Pole, and
the other two' are numbered from each Pole til}
they meet init’s Middle. The graduated Edge
of this Meridian reprefents the Meridian of any
Place, when, by turning the Globe, the Place is
brought juft under it. ¥ | |

' 3. The

* It will be here neceffary to obferve, that the Circles which
are either about or upon the Surface of the Globe are diftin-

uifhed into Greater and Lefer @ the greater Circles divide tha

lobe into two equal Parts called Hemifpberes, and the Jfer
Circles divide the Globe into twe unequal Parts : Alfo, that e
Circle whether great or fmall, is, or at leaft is fuppafed ta be
divided into 360 equal Parts called Degrees, and every of thefe
into 6o equal Parts called Minutes: But a Degree in a great
Circle, will be in the fame Proportion to one, in a fmall Circle,
juft as the Circumference of one Circle is to the other ; a Semi-
circle therefore contains 180 Degrees, and a Quadrant go De-
grecs.
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3. The Rational Horizon is the upper Edge of

the wooden Circle; in which the Globe ftands; it
divides the Globe into an upper and a lower He-

mifphere: It is fo calléd to diftinguifh it from the
Senfible Horizon, which limits our Profpeét quite
round us.

When the Sun or a Star gets above the Rational
Horizon, it is then faid to rife; and when they
fink beneath it, they are then faid to fer. Now
though the rational and fenfible Horizons differ
by the Semidiameter of the Earth, yet becaufe
the Heavenly Bodies are of a vaft Diftance from us,
they may be confidered as one and the fame. For
the whole Earth is but as a Point in comparifon of
the Sun,

Upon the upper Surface of the wooden Frame
or Horizon are exhibited. (Counting from the
out Side.) 1. The 32 Rumbs or Points of the Mari-
ners Compafs, of which the Eqf, W, North, and
South are called the Cardinal Points, dividingthe
Horizon into four equal Parts ; and Lines drawn
from any Point upen the Surface of the Globe
towards the feveral Rumbs, are called Rumd-
Lines.

2. The Days of every Month according to the
Gregorian Account.

3.” The like according to the Julian Account,
and 4. The twelve Signs of the Zodiac are next
diftinguifhed by their Names, Charaéters, and
Symbols; eaeh Sign being divided into 30 De.
grees.

4. The Quadrant of Altitude is a narrow thin
Plate of pliable Brafs, whofe Edge is divided into

90
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go Degrees; and is exaltly equal to one fourth
Part of the Brazen Meridian. To the Top or
upper Part or Zenith of this Meridian, it is {crew-
ed when it is ufed; which Part is every where ga@
Degrees diftant from the Horizon.

5 The Horary Circle is a f{mall Circle of Brafs,

which is divided into twice 12 Hours: [t is fo fix-
ed to the Brazen Meridian, chat the Pole carries

round the Hand which fhews the Hour, and is
the Center of the Circle: The Hours upon the

Eaft or graduated Side of the Meridian, are the

Morning Hours, and thefe on the Weft Side are
the Evening Hours.

6. A Mariner’s Compafs is fometimes placed on
the Pedeftal or Frame, in order that the North,

South, Eaft and Welt Points on the wooden Ho-

rizon, may point to thofe Parts of the Heavens.
7. The Semicircle of Pofition is a narrow thin
Plate of pliable Brafs, divided into 180 Degrees,
and is exaltly equal to half the Brazen Meridian,
oritmay be termed a double Quadrant of Altitude,
It’s Extremities are fixed to the North and South,

fo that it may be moved freely from the Horizon

to the Meridian to any Pofition.

Thefe Things we have defcribed are without the
Surface of each Globe. But on the Surfaces are
the following Particulars delineated.

1. The Equator or Equincétial Circle, or as Sai-
lors term it, the Line, 1s that great Circle which
lies in the Middle between the Poles. From this

Line the Degrees of Laritude are counted towards
each Pole. It divides the Globe into the Northern ©
and
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and Southern Hemifpheres, and it 1s divided into
360 Degrees from V.

2 The Semicircles which extend from Pole to
Pole, and cut the Equator at Right Angles are

called Meridians. 1If 360 fuch Semicircles were
drawn at equal Diftances quite round the Globe,

they would mark out the Degrees, which are

numbered upon the Equator, and are counted

from the frft Meridian that ufually pafles through
% |

The Ecliptic is a great Circle that cuts the Equa-
tor obliquely in the swo oppofite Points v and =,
making with it an Angle of 231 Degrees; it is di-
vided into 12 Signs each of go Degrees, in all
360. Thefe 12 Portions are called by 12 different
Names, viz.

1. v Aries, the Ram, 2. v Taurus, the Bu/l. 3
xr Gemini, the Twins. 4. & Cancer, the Crad. 5.
s Leo, the Lion. 6. wp Virgo, the Virgin 7.
= Libra, the Ballance, 8 m. Scerpio the Scorpion.
9. & Sagittarius, the Archer. 10. v Capricornus,
the Goat.. 11. & Aquarius, the Waterer. 12. X
Pifces, the Fifbes. -

On the Noon of every Day the Sun is on thf:
Ecliptic, and paffes quite through it in a Year;

therefore if the refpetive Places of the Sun every
Day at Noon, were united by Lines, the Whole

‘would form the Eclipric.

The apparent Motion of the Sun through the
Ecliptic in a Year, is to be thus underftood. If at
Noon cne Day the Sun be in a certain Sign and

L1 Degree
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Degree of the Ecliptic; he from that Time till
the Noon of the next Day, moves nearly parallel

to the Equator, and then is found to have advan-

ced about a Degree farther in the Ecliptic: When
he quits this, he moves on nearly parallel to the E-
quator, and by the Noon of the next Day heis found
ftill to advance in the Ecliptic about a Degree far-

ther, and fo on every Day ;conftantly moving nearly

but never exadtly Parallel to the Equator; like a
Secrew that rifes or falls as it’s Circumference is car-
ried round. |

4 The Leffer Circles are the Tropics, and the
Polar Circles. The two Tropics are each 23% De-
grees diftant on either Side of the Equator, and
are parallel thereto. - That on the North Side is
called the Tropic of Cancer, to which the Sun is
vertical at the Summer Solftice, and paffes through

the Sign % Cancer. That on the South Side is

called the Tropic of Capricorn, towhich the Sun is

vertical in our Winter Solftice,and paffes through-

the Sign W Capricornus.

5. The two Polar Circles are parallel to the
Tropics, each at 23+ Diftance from it’s Pole.
The Northern Polar Circle is called the 4reic Cir-
cle, and the Southern one, the Antartic Circle.

The Parts we have thus far deferibed are com-

mon to both Globes, and the following are pecu-
har to the Terreftrial Globe only.
1. The Degrees upon the Brazen Meridian,

which are numbered from the Equator o, 10, 20,

30, &c. to go or to each Pole, are of ufe to de-

termine the Latitude of any Place, or it’s neareft
Diftance from the Equator. And the Degrees

which

L
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which are numbered from each Poleo, 10, 20, 30,
&¢. to go or to the Equator, are of ufe to elevate
the Pole to any Degree of Latitude. Hence it
is plain that thofe who live under the Equator
only, have no Latitude. Thofe that are neareft
to it have their Latitude lefs than thofe that are
farther off 5 and that no Place can have its Latitude
more than go Degrees, as the Latitpde of the
Poles themfelves are but go.

2. The 360 Degrees upon the Equator, which
are ufually numbered from the Meridian which
pafles through ¥, and which is thence called the

Primary or the firk Meridian, are of ufe to deter-

mine the Longitude of any Place, or how many
Degrees of the Equator, the Meridian of any
Place is removed from the Primary Meridian.
But this is the o/d Meibhod of counting the Longi-
tude.

The neww Methed is, to draw a Meridian through
the Metropolis of the Kingdom, wherein the
Globes are made; and from the Point where this
interfe€ts the Equator, the Equator is to be di-
vided on either Side, or to the Eaft and Weft,
to 180 Degrees, ’till the two 180’s meet. On
$enex’s Globes, the Longitude is exprefled accord-
ing to the old Method, and it is alfo fet vyt from
a Meridian which pafles thmugh London, accord-
ing to the new Method.

Hence ’tis plain, that all places which are under
the Meridian from whence Longitude is reckoned,
have no Longitude, That according to the old
Way of counting, the Longitude is numbered

_mth the Sun and pever exceeds 360 Degrees.

Lia | Tha
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That according to the new Way, if the Primary
Meridian be fet under the graduated Edge of the
Brazen Meridian, that the Globe is then divided
into two Hemifpheres, termed the Eaftern and
Weftern ones ; in which. Cafe the Longitudes of
all Places are to be confidered to be Eaft or Weft,
as they lie on the one or on the other Side of
this Meridian, and thar the greateft Longitude can™
not exceed 180 Degrees.

If 360 the Degrees which go quite round the
Equator, be divided by 24, the Hours in a Day
and a Night, the Quotient 15 will fhew, that the
24 Meridians called alfo Hour Circles which are
ufually drawn on Globes, are to be at 15 Degrees
afunder; becaufe the Places through which each
of them pals, have Noon an Hour earlier than at
15 Degrees more Weftward, and later at 15 De-
grees more Faftward; and thefe 24 Meridians
exaltly correfpond with the 24 Hours on the Ho-
rary Circle,

Hence itis plain, thatif we have the Longitudes
of two places given, we may tell how much fooner,
or later, the one has the Sun upon it’s Meridian
than the other. Or if we have the Longitude
of one Place and the Difference of Time between
that and another Place, which is the Difference of
Longitude, we may know the Longitude of the
laft Place.

3. Paralldlsof Latitude are all Circles on the
Globe which run parallel to the Equator.

Becaufe the Meridians are wideft afunder at the
Fquinoétial, and that their Diftance diminifhes the
more, as the Parallel is nearer to the Pole ; it there-

| fore
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fore follows a Degree or any Number of Degrees
of the Equator, muft be lefs than a Degree or
any like Number of Degrees in any parallel.

Of the Divifions of the Earth,

The Surface of the Terreftrial Globe admits
of feveral Divifions.

1. It isdivided into five Zones, or Belts, which
encompafs it; and they bear their Names from
their different Degrees of Heat. wiz. One Tor-
rid Zone, two Temperate Zones, and two Frigid
Zenes,

The Torrid Zone is contained between the two
Tropics. _

The Temperate Zones are contained between the

Tropics and the Polar Circles, and the Frigid Zones
are contained within the Polar Circles.

2. The Earth is divided into feveral Parts by
Climates.

Climates are contained between Parallels of La.
titude, drawn at fuch a Diftance from each other
as that the longeft Day at the leffer Parallel, may
exceed that at the next greateft Parallel by half
an Hour.

There are 24 Climates between the Equator and
each Polar Circle, which become narrower as they
approach the poles. And there are fix other Cli-
mates from each Polar Circle to it’s Pole, which
exceed one another by a Month,

ATABLE
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A TABLE of the CLIMATES.

= T

-

From the Equa- From the Equa- 4
tor to the Po-| torto the Po-
lar Circles. lar Cirtles. ¥

E Ends in)¥berve 'q—:-': Ends in| Where | . {
& |Latitud. jthe long. % Latitud. !.“f’“"”’é" '
3 efD.is.| |5 e D. is. ,,%."
D M.[D. M, M. D.|D. M. 3
y]08.25]12.30]|17] 64.06] 20.30 i
2|16.25]13.00||18]| 64.49] 21.00] 1
3]23.50[13.30]|19|65.21 [ 21.30 )
1 4{30.20{14:00| }20| 65.47 22.00, 4
5136.28)14.3c||:1]66.06 22.30, b |
6{41.22|15.0c| |22 |66.20 23.00 5
7145.29|15.3¢| |23 66.28} 23.30 3
8l49 o1]16.00||24'66.31' 24.00 4
of51.58{16.30] [ e i
10{54.27|17.00(| —_ ? ' S 4
11{56.37117.3¢(| 1]67.3¢c|t :
12 58.29 i8.00 269-302 A ;
13(59.5818.3¢ 373.20|3| =
14[61.18f19.0C} | 4In8.20a| S |
15(62.25119.30| |-5/84.00|z| & i
16163.22120.00| | 6]go.00j¢| | j

3 With refpet to the Horizon ; fome have the
Poles in the Horizon, others have their Poles
in the Zenith and Nadir; and again others
have their Poles between the Horizon and the
Zenith and Nadir.
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Such as have their Poles in the Horizon, are
| faid to -be in a Right Sphere, becaufe the Equator
' and all the Parallels are perpendicular to the Ho-
rizon, or cut it at Right Angles. The Inhabi-
tants under the Equator are thofe to whom this

Sphere or Pofition of the Globe, is only peculiar,

where the Sun and Stars always rife and fet perpen-

du:ularly, and where they have equal Day and

Night throughout the whole Year.

Such as have their Poles in the Zenith and Na-
. dir, are faid to be in a Parallel Sphere, becaufe the
Equator and all the Parallels are then parallel to
the Horizon. The Inbabitants (if any) who are
under the Poles, this Sphere is only peculiar to;
where they have but one Day and one Night in a
Year.

'Such as have their Poles obliquely fituated, or
whofe Poles lie between the Horizon and the Ze.
nith and Nadir, are faid to be in an Obligue Sptere,
becaufe the Equator and the Parallels cut the He-
rizon obliquely. The Inhabitants of this Sphere
are they who live on all Parts of the Earth, ex-
cept under the Equator, or Poles ; and their Pole
muft neceflarily be elevated as much above the
Horizon, as is the Latitude of the Place, in order
that ‘the Place may be in the Zenith, and that it’s
Inhabitants may have the Horizon quite round
‘them; as the Inhabitants at every Place on the
Earth have.

4. The Inhabitants of the Earth are divided
with refpect of one another into Awiwci, Perieci,
and Antipodes,

T hofe
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Thofe who live on contrary Sides of the Equa-
tor, having their Latitudes equal, and who are
under the fame Meridian, or who have the fame

Degree of Longitude are called dnteci. The
Hour 1s conftantly the fame in both, but the

Seafons of the Year are contrary.
Thofe who are in the fame Latitude, but in

.ﬂppﬂﬁt: Meridians or whofe Longitudes differ 186

Degrees, are called Perieci. Their Seafons of

the Year are the fame, but their Days and Nights

are contrary.

Thofe who live in oppofite Parallels and Meri-

dians are called Antipodes. Their Days, Nights,
and Seafons, are all contrary to one another, -
- 5. The Natural Divifion of the Earth, isthat

which Nature has made by Land and Water ; The

Land being divided into Continents, Iflands, Penin-
Julas, IRbmus’s, Promontories, Mountains, &c,
and the Water is diftinguithed into Oceans, Seas,
Gulphs, Straits, Lakes, Rivers, &c.

A Continent is a large Tralt of Land containing

feveral Countries, Kingdoms, and States, without

having any of it’s Parts feperated -by Warer.

An Jfland is a Tratt of Land every where fur- |

rounded with Water.

A Peninfula is a Tra& of Land which extends

itfelf into the Sea, and is every where farrounded

with Water, but in a narrow Neck, which joins

it to the Continent. And that narrow Neck 1s

called an Ifbmus.

A.Promontory is a Cape ot Head-Land which fhoots

it felf into the Sea.
A Mosn-
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A Mountain is a high rifing Ground or Emi-
nence, which overlooks the adjacent Country.

The Ocean is properly that general CoHection
of Water, which wathes the feveral Parts of the
Land and Continent.

. A Sea is a Part of the Octan 1ntrrrupted by
divers Iflands, and nearly environed with Land.

A Gulpb is nearly the fame Porticn of the Sea,
as a Peninfulais of Land.

A Strait called fometimes a Channel, is an open
- -marrow Paffage between any two Shores.

A Lake is a Colle&tion of Waters furrounded
with Land, which has no vifible Communication
- with the Sea,

"~ A Creek' is a -narrow Part, or Arm of the Sea
running a littfe Way into the Land.

A Bay is a much larger Inlet, and more f{afe and
capacious for Ships to Anchor in.

A River is a confiderable Stream of frefh Water
iffluing from one or many Fountains, which unit-
ing with what tricles from the Sides of Hills, forms
it felf into one or more Channels through which it
paffes, till it is difcharged into the Sea.

There is another Divifion of the Earth called
the Political Divifion which is made by Men, who
have diftinguithed it into feur Parts or Quarters;
and thofe again into Empires, Kingdoms, States, Re-
publics, Principalities, Provinces, Parifbes, &ec.
for a particular Defcription of which we refer to
Mr. Gordow’s, or to Mr. Salmow’s Geographical
Grammers, or to larger Syftems.

M m THE
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i The Ufe of the :
Terreftrial GL O BE.

PROBLEM. I

To find the Latitude and Longitude of any given Place
upon the Globe.

RIN G the given Place to the graduated
Edge of the Brazen Meridian 3 then the De-
- gree of the Meridian that is over the given Place,
will fhew it’s Latitude; and the Degree of the
Equator which is at that Time under the Meridian,
will be the Longitude of the Place.

|l b Sl

-The Latitude aud Longitude of a Place given, to find
that Place upon the Globe.

Bring the given Longitude to the Brazen Me.
ridian, and holding the Globe fteady, find the
given Degree of Lartitude upon the Meridian;,
and the Place which lies under it, is that required.

PR OB I

Dhe Latitude of a Place Z}-efrzg- given, to find all Places
on the Globe that are in the Jame Latitude.
With
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‘With a Chalk, mark the Degree of Latitude
upon the Brazen Meridian ; and turning the Globe
quite round, obferve what Places pafs under the
Ghalk ; for thofe are they which haye the fame
Latitude with the given Place.

ER GBIV,

To find the Difiance between any two Places on the
| Globe.

Lay the Quadrant of Altitude on both Places;
or take their Diftance with a pair of Compaffes
and apply it to the Equator. The Number of
Degrees between them coynted on the Quadrant,
or that is between the Feet of the Compafies on
the Equator, will be the required Diftance in De.
grees, which multiplied by 4o, the Miles in 3
Degree, fhews their Diftance in Miles.

l.') R— 0 _B- Vr

Yo find the Antzci, Perizci, and Antipudcs,_ of
any gwfﬂ Place on the Globe.

Bring the given Place to the Brazen Meridian
and having found ic’s Latitude, count the fame
Latitude on the Meridian towards the contrary Pole,
and the Place under . that Lamude will be that cf
the Anteci.

Keep the given Place to the Brazen Meridian,
and fet the Hour Index at the upper 12 or at
Noon; and markmg with Chalk the Latitude on

M m 2 P



268 A COURSE of

the Meridian, turn the Globe about, till the Hour
Index points to 12 at Night ; then che Place under
the chalked Mark, will be that of the Periaci.

Keep the Globe now ftayed, and count the fame
Latitcude or that at the Chalk, to the contrary
Pole ; the Place under that Latitude, will be that
of the Antipodes.

PROBR VL

A Place and the Hour being given at that Place; te

find thofe Places of the Globe, where it is then

either Noom, or Midnight.

Bring the Place to the graduated Side of the

Brazen Meridian ; fix the Hour Index to the given

Hour, and turn the Globe about till the Index
points at the upper 12, or to 12 at Noon: Thep
all thofe Places which are under that Semicircle
of the Meridian to which the Index points, have
the Sun in their Meridian, or have their Noon
at that particular Time ; and thofe who are unde,

the oppofite Semicircle of the Meridian, have then
Midnight.

PROB.WL

A Place, and the Hour at that Place being g;wﬂ :

to find what Hour it then is at argy other given
Place.

1

Biing the firft Place to the graduated Side of
the Brazen Meiidian, and fet the Hour Index to

the

81
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the given Hnur, then turn the Globe till the
other Place comes to the Meridian, and the Index
will point to the Hour required.

PR OB. VI

Any Place being given, to move the Globe, [0 as that
Place may be in the Zéﬁz’f&, or that the weodcs .
Horizon fball be an Horizon to the fame,

Bring the given Place to the Brazen Meridian ;
and having- found it’s Latitude;-elevate the Pole,
or count from it the fame towards the 'Equamr, and
fix that Degree to the Notch of the wooden Ho-
rizon ;: The given Place will then be in the Zenith,

and tht wooden Hur_:zan will be -an Horizon
to it. :

E. R .ChB,. 1%,

The Latitude of @ Place being given, to Jind the Hour
of the Day by the Globe when the Sun fbines.

With a Mariners Compalfs, fet the Brazen Meri-
dian due North and Soutk, which is done by cauf-
ing the North Part of the Meridian to point about
19 Degrees to the Eaft of the Flower de Luce;
for fo much now the Needle varies from pointing
truly North and South.

This being done, and Care being taken to have
the Globe fet on a due Horizontal Plane,

In
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In the Summcr halt Year, or from the 20th of
March to the 23d nf September, elevate the Pole
to the Latitude,

But in the Winter half Year, or from the 23d
of September to the z0th Day of March, deprefs
the fame Pole as much below the oppofite Part
of the Horizon; and then the Shadow of the

Axis of the Globe on the Huur CH'CI':, will fhew
the Hour of the Day.

PR OB. X,

The Month and Day being given, to ﬁnd the Sun’s
Place on IEJE Eca';prz:,

Upnn the wnndcn Horizon find the Manth and
Day, in the Julian or Gregorian Kalender,’ as Occa-
fion requires; oppofite to which in the inward
Circle you have the Sign and Degree of the Sun’s
Place. Then find that Sign and Degree onthe
Ecliptic ; and a Mark of Chalk being there made,

or a very fmall Bit of: Paper being wet and ftuck

thereon, will fhew the Place of the Sun for the
given Time. | '

PROB. XL
To find how one P!acs: &mrarb from a#atﬁm

By P 8. Move the Globc {o as that one Place
may be in the Zenith: Screw the Quadrant of
Altitude on the Meridian over that Place, and

flaying the Globe, move the faid Quadrant till
it’s

in_r
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ir’s graduated Edge be brought to pafsover the
other Place, then that Point of the Compafs on
the wooden Horizon which is oppofite to that
Edge, will be the Point that the fecond Place bears
eth from the firft,

PROB. XIL

9he Day of the Month in any Place whofe Latitude
is lefs than 663 Degrees, being given, to find the

Time of the Sun’s rifing and fetting, and the Lengith
of the Day and Night.

Elevate the Globe to the given Latitude; and
having found the Sun’s Place in the Ecliptic for
the given Day, bring it to the Meridian, and fet
the Hour Index to the upper 12. Then bring the

Sun’s Place to the Eaft Side of the Horizon, and
the Hour Index will point to the Time the Sun

rifes; and if it be brought to the Weft Side of the
Horizon, the Index will point to the Time of fett-
ing.

The Sun’s fetting being doubled, will give the
Length of the Day; and the Sun’s rifing being
doubled, will give the Length of the Night,

Hence it is eafy to find the Length of the longeft
and fhorteft Day in any Place, whofe Latitude is
lefs than 66} Degrees. For if in the firft Cafea
Mark for the Sun be put on & Cancer, and in the
fecond on v Capricornus ; {ince in thefe Places the
Sun i, on the longeft and fhorteft Days: The rif-
ing and fetting of the Sun, may be eafily had as

above
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above, as well as the Length of the Day and
Night. '

PR O B. XIIL

The Day and Hour at any Place being given to find
where the Sum is vertical, or in the Zenith at that
Hour.

Bring the Sun’s Place to the Meridian, over
which, mark the Degree with Chalk. Then
bring the given Place to the Meridian, and fet che
Index to the given Hour, and turn the Globe
-till the Index points to 12 at Noeon: The Place
which is then under the chalked Mark, will be
that to which the Sun will be then in the Zenith.

PiR QeB. o X1V,

A Place being given in the Torrid Zone, to find thofe
two Days of the Year, in which the Sun fhall be
vertical fo the fame, at 12 at Noon.

Bring the given Place to the Meridian, and
with Chalk mark the Degree of Latitude that is
above it. Move the Globe till two Points in dif-
ferent Parts of the Ecliptic pafs direétly under the
Mark ; and having noted thefe Points, and found
the Sign and Degree of cach ; then upon the wood-
en Horizon, find the Days of the Month, which
are oppofite to each Sign and Degree refpectively ;
and thofe will be the Days required,

PROB.
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PR OB XV,

The Day and Hour being given to find all thofe Places
of the Eartb, where the Sun is nfing, {etting,
or culminating; and alfo where it is Day-light,
Twilight, or Dark-night.

By prob. XIII. Find the Place where the Sun is
vertical ac the given Hour ; elevate the Globe to
the Latitude of that Place, and bring it to the
Meridian. Then all ‘Places that are in the Weft
Semicircle of the Horizon, have the Sun rifings
thofe in the Eaft Semicircle have it fetting ; thiole
under the Meridian, above the Horizon, have
it culminating ; and all Places above the Horizon
have the Sun fo many Degrees above the Horizon
as the Places themfelves are. Thofe Places that
are below the Horizon, but within 18 Degrees of

it, have Twilight ; and thofe lower than 18 Degrees
have Dark-Night.

PR OB XVIL

A Place, Day and Hour being given, to find the Sun’s
Height at that Hour

Elevate the Globe to the Latitude of the Place,
fcrew the Quadrant to faid Latitude on the Meri-
dian, bring the Sun’s Place on the l'ic]ip'ti{: to the
Meridian, and fet the Index of the Hour-Circle
to 12 at Noon; then turn the Globe about unull
the Index points to the given Hour, and ftaying

N n it
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it there, bring the Edge of the Quadrant to the
Sun, and it will point out it’s Height which was
required.

PR OB. XVIL

A Place, Day of the Month, and Sun’s Height being
given, to find the Hour of the Day,

Elevate the Globe, fcrew the Quadrant to the
Latitude, bring the Sun’s Place to the Meridian,
and fet the Hour Index to 12 at Noon ; then move
the Globe and Quadrant together, fo that the Sun’s
Place on the Ecliptic may correfpond with the
given Height on the Quadrant; the Hour then
pointed to by the Index, will be that required.

P R.O B, XVIIL

To find the Time when the Sun begins to appear above
the Horizon, and when it begins to difappear, and
alfo the Length of the longef Day or Night, in any
Place within the Polar Circles, ¢r whofe Latitude
a5 more than 663 Degrees.

Subtraét the Latitude of the given Place from
¢0, and with a Chalk mark upon the Meridian
the remaning Degrees both above and below the
Equator: Then move the Globe till two Points
of the Ecliptic come diretly under the upper
Chalk Mark, and having noted thefe Points, and
found the Sign and Degree of each in the Order
of the Signs, find the Days of the Month corref-

ponding
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ponding with thofe Places of the Sun upon the
wooden Horizon ; the firft of thefe will be the Day
the Sun begins to appear above the Horizon, and
the other the Day it begins to difappear, and con.
fequently the Length of their longeft Day will be
the Time intercepted between the firft and the

laft of thefe Days,

The Length of the longeft Night is every where
equal to the Length of the longeft Day, and the
Beginning and End of the longeft Night may be
found in the fame Manner that the Beginning and
End of the Day was by ufing the lower Chalk
Mark inftead of the upper.

PR O B, "XIX.

A Place, and the Day of the Month being given, to
Sfind the Beginning, End, and Duration of Twilight,
and of dark Night.

Elevate the Globe to the given Latitude, and
{crew the Quadrant of Altitude to that Latitude on
the Meridian, bring the Sun’s Place to the Meridian,
and fet the Index of the Hour Circle to 12 at
Noon ; then bring the Point which is oppofite to
the Suns Place to cut 18 Degrees of the Quadrant
on the Weftern and Eaftern Sides of the Meridian,
and the Index will fhew when the Twilight begins
or ends;

‘The Time of the Beginning of Twilight being
taken from the Time of the Sun’s rifing, leaves
the Duration of Twilight, and the Time when

Nn 2 Twilight
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Twilight begins being doubled, gives the Length
of dark Night,

PRQOB XX,

The Diftance between two Places lying under the [ame
Meridian being given, as alfo their vefpective bear-
ing from g third Place, to find thereby that Place
with it's due Diflance from the other two.

Mark the Latitudes of the given Places on the
Meridian with Chalk, and keeping them under
the faid Marks, elevate the Globe to the Latitude
of the upper Mark, and fixing the Quadrant of
Altitude on faid Mark, move it to that Point of
the Compafs, upon which the third Place bears
From it, and make a {mall Track with Chalk upon
the Globe by the Edge of the Quadrant, Then
elevate the Globe to the Latitude of the lower
Mark, and fcrew the Quadrant of Altitude to that
Latirude, and turn the faid Quadrant to that Point
of the Compafs upon which the third Place bears
from 1it, and obferve where the Quadrants Edge

interfects the Tract of Chalk, and that will bethe
third Place required. | '

~ L SR e =
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Concerning the

Celeftial G L. O B E.

HE Celeftial Globe is fuppofed to com-
T prehend the Terreftrial one in it’s Center,
If we imagine the Surface of the Celeftial Globe
were made of Glafs, and that the Stars were
drawn upon it, then a Spetator from the Ter-
reftial Globe would fee the Stars form in a
Concave Surface, juft as that in- the Heavens.
The Circles and Points which are peculiar to the
Celeftial Globe are thefe.

1. The Zodiac is a Hoop or Belt round the
Heavens of about 16 Degrees broad, through the

Middle of which the Ecliptic or the Sun’s annual
Path paffes.

The Signs of the Zodiac are the fixed Stars, which
are contained in this Belt, and which for Difti¢tion
fake are thrown into 12 Conftellations or Afterifms,
and are called Aries, Tauras, &c,

2. The Meridians which pafs through 1f?‘f¢’5 and
Libra, and through Cancer and Capricorn, form
two great Circles called Colures 5 the firft of which
18 called the Eyuinoftial Colure, and the other the
Solfticial Colure.

3 The Points Aries and Libra are called the
Equinoftial Points, becaufe when the Sun isin either

of them, the Day and Night is every where
equal.

4. The
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4. The Points Cancer and Capricorn are called
the Solfticial Points, becaufe’ when the Sun isin
either of them, he feems to ftand f{till for feveral
Days.  When he is in the Solfticial Point Cancer
he then makes the longeft Day, and when in the
other, the fhorteft, to all the Inhabitants of the
Noithern Hemifphere.

5. T'hat Point in the Heavens which is juft over
our Head is called the Zenith, and the Point oppo-
fite to itis called the Nadir, and ‘thefe are the
Poles of the Horizen.

Imaginary Circles pafling through the Zenith, and
Nadir, and cutting the Horizon at right Angles,
are called Vertical or Azimuth Circles. And the
Azimuth ot the Sun, or-a Star is an Arch of the
Horizon intercepted between the Meridian, or
South Point of the Heavens, and an Azimuth
Circle pafling through either : Sometimes the Azi-
muth is reckoned from any other of the Cardinal
Points.

When the Azimuth is ccunted from the Eaft or
Weft to the Sun or a Star at the Time of its ri-
fing or fetting, it is then called 1t’s dmplitude.

6. The Meridian Altitude of the Sun, is it’s
Height above the Horizon at Noon, and when he
arrives to that Height, he is faid to Culminate.

Almicaniars, or Parallels of Altitude, are imaginary
Circles drawn parallel to the Horizon, through
every Degree of the vertical Circles.

7. The Poles of the Ecliptic are two Points of
the Solfticial Colure, which are 231 Degrees from

the Poles of the World.
8 Great
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8. Great Circles paffing through the Poles of
the Ecliptic and cutting it at nght Angles, are
called Circles of Longitude; and if we 1magine
other Circles to be drawn parallel to the Ecliptic
through every Degree of the Circles of Longi-
tude, thefe will be Parallels of Latitude on the
Celeftial Globe ; for Longitude and Lattude on
the Celeftial Globe, bear jult the fame Relation
to the Ecliptic, as they do on the Terreftrial Globe
to the Equator. Thus, asthe Longitude of Places
on the Earth, is meafured from the firft Meridian
upon the Equator; fo the Longitude of the
Heavenly Bodies is meafured upon the Eclipric
from the firlt Circle of longitude, which pafies
through Aries. And as Latitude on the FEarth
i1s counted from the Equator upon the Meridian,
fo the Laticude of the Heavenly Bodies is meafur-
ed by Degrees upon a Circle of Longitude count-
ing either North or South from the Ecliptic.

9. The Diftance of any Heavenly Body from
the Equinoétial meafured upon the Meridian, is
ealled it’s Declination; therefore all Parallels of
Declination on the Celeftial Globe are the very
{fame as Parallels of Latitude on the Terreftrial,
What is called Longituce on the Terrefltrial Globe,
18 called Right Afcenfion on the Celeftial. viz. The
Sun or a Star’s Diftance from the frft Meridian,
or that palling through Aries counted upon the
Equinoétial.

Oblique Afcenfion and Defeenfion is the Diflance
of that Point of the Equinoctial from the firil of
~ Aries, which in an oblique Sphere rifes or fcgs at
the fame Time that the Sun or Star rifes or fets.

%
Afcenfioial
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Afcenfional Difference is the Difference between
right and oblique Afcenfion 3 and this turned into
Time, by allowing fifteen Degrees for every Hour
will thew how much the Heavenly Body rifes
before or after fix o’Clock.

The vifible Hemifphere of Stars, is continually
changing in a right or oblique Sphere, by Reafon
of the Suns apparent Motion round the Ecliptic
in a Year,

When the Sun gets fo near a Star as to hide it in
his Beams, it is faid to fet Heliacally, and when after
1t’s Conjunétion with the Sun, it becomes again

vifible, it is faid to rife Heliacally.
- A Star that rifes or fets when the Sun rifes or
fets, is faid to rife or fet Cofinically.

A Star that rifes or fets in the Evening when
the Sun fets, 1s faid to rife or fet dchronically.

Of the Divifions of the Heavens, and the
. Conftellations.

ARronomers have divided the Stars into fix Claf-
es or Magnitudes, and the Stars of each Magni-
tude are diftinguithed by different Marks on the
Celeftial Globe.

They have alfo diftinguithed the Stars into fever-
al Conftellations or Afterifins, to which they have
given Names; Some have the Names of Men,
and others the Names of Beafts, Birds, and feveral
other Things. The Images of thofe Animals and
other Things, from whence the Names of the
Confiellations are taken, are drawn' upon the Ce-

g leftial

i
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leftial Glabe over the feveral Parcels of Stars which
are called by thofe refpettive Names.

The Conftellations are divided into Nosthers
and Southern, befides the twelve Signs of the Zo-
diac which lie 1n the Middle between them.

‘The Antients formed the Northern Regions into

fwenty one Canflellations viz. Urfa Minor or the

little Beary Urpfa Major, the great Bear; Draca,

‘the Dragon ; Cepbens 5 Cafficpeia ;  Andromeda

Triangulum, the Triangle; Perfeus, with Medufa’s

-Head ; Auriga; Bootes y Corana Septentriomalis, the

Norchern - Crown 3 Herenles s ILyra, the Harps

Cygnus, the Swan; Pegafus the flying” Horfey

Equiculus the lictleHorfe’s Head ; Delpbinns the” Dol-
phini ; Sagitta, the Arrow; Aguila, the Eagle cr
Vultur 5 Serpems, the Serpent; and ?frpzmrzr FiL5,
the Man who holds it.

To thefe the Moderns have added’ garonins
ncar the Eagle ; Coma Beérenices, or Berenice’s Harr,
near the Lion’s Tail; Leo Adinor, the Irnlc Lmn
between the great Bear and ‘the Lion, &%,

The Antients formed the Southern chgmns mtu
15 Conftellacions, viz. Cerus, ‘the Whale, the Ri-
ver Eridanus 3 Lepus, the Hare ; Orion, th'e moft
glorious Conftellation of all ;' Canis major, the great
Dog ; Canicula, the little Dog: Arpo !‘.ﬁm, he
Ship Argos Hydra, the Water b{:rpfm ; Crater, the

Cup ; Corvas the Crow; Cemtaurys, -the Centaur

Lupus, the Wolf; Corena Auftralis, the Southern

Crown ; Ara, the Altar; and Pﬁ‘f.‘-‘ f’*g_,.?r;; 15, tlhie
Southern Fifh.

To thefe thc Moderns have added twelve Con.

ftellations more, which lie fo near the South Pole

that they cannot be feen by us,
0o The
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The odd Stars, which are fcattered here and there
between the Conftellations, are called #nformed
Stars. "

Some remarkable Parcels of Stars have obtained
Names befidés thofe given to the Conftellations
which contain’ them, as the Pleiades or feven Stars
in the Conftellation Taurus ; Charles’s Wain or Wag-
gon confifts of feven large bright Stars in the hinder
part of the great Bear: The three in the Tail
are fuppofed to reprefent the Horfes and the other
four the Wain. The two hindermoft Stars in the
Wain are called the Pointers, becaufe they point
to the North Star, which isin the Tip of the Tail
of the little Bear, that is, 2 Line drawn through
the Pointers 'if continued, will nearly touch the
Pole Star. Several fingle Stars of the firft or
fecond Magnitude have Names given them ; as
Sirius, in the great Dog ; Aldebaran, or the Bull’s
Eye ;s Procyon, in the little Dog; Arcturus, in
Bootes ; Regel, in Orion ;the Liow’s Heart ; and De-
neb, in his Tail; Spica Virginis, or the Ear of
Corn in the Virgin's Hand ; Caftor and Poliux, in
the Conftellation Gemni; and many others.

The Galaxy, Via Lafiea or milky Way, isa
broad irregular whitith Tract in fome Places double
but for the moft Part fingle, furrounding the whole
Heavens.  It’s bright Appearance is owing to an
innumerable Multitude of Stars, which lie quite
through it, whofe united Rays of Light occafion
the fhining Whitenefs, The modern Aftrono.
mers fince the Invention of Telefcopes, have dif-
covered an innumerable Muldtude of Stars, in
thofe Parts which appear.only white to the naked

Eye
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Eye; and to the fame Caufe may be afcribed other
bright Spots, which lic here and there in the Heay=

ens, as the Prafepe or Afles and Manger in the
Conftellation Cancer.

A Conneltion between the feveral Parcels of
Stars, which form the Conftellations, and the Fi-
gures after which they are named, can hardly be
difcovered in the Conftellations themiclves, except
in a very few of them, as Charles’s Wain may be
fuppofed to refemble a Waggon and three Horfes ;
but a very ftrong Imagination would find it diffi-
cult to difcover any fuch natural Refemblance
between the Bulk of the Conftellations, and the
Figures they are named by. '

The Author of Speffacle de la- Nature Vol. I.
conceives it probable that the Conftellations in. the
Zodiac, were formed and named by the Egyptians,
who dealt in Hieroglyphics or myftic Figuses by
which they exprefled the Doétrines and Sccrets
of their Religion, Philofophy and Politics. - Thus,
a Lion was the Hieroglyphic of Strength: and For-
titude; a Horfe of Liberty, a Circle of Erternity,
&Fc. now this Author imagines thatthe 12 Signs
of the Zodiac were fuch.Egyprian Hieroglyphics,
by which they defigned to exprefs or-reprefent
fome remarkable natural Qccurreoce in each Month
of the Year, as the Sun was paffing through thg
refpective Conftellations,

The firft three Months, bl:gmmng from the vcrnal
Equinox were remarkable for the Produétion of
thofe Animals, which they moft ufed ard valued,
piz. Sheep, Kine and Goats. The Lambs which
come firfl are reprefented by their Parent the Ram ;

Qo2 the
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the Culves which come next are reprefented by
the Bull; and then the Kids, which commonly come
in Pairs, therefore gave a Name to the third Con-
ftellation. . Butinftead of the rwin Kids, the Grecks
have fubfticuted thé #win Brothers Caftor and Pollux.

In the fourth Month, the Sun having arrived
at the Summer Solftice, difcontinues his Progre(s
towards the North, begins now to go back again
to the South, this rétrograde Motion the Egyptians

exprefled by the Cm& which is faid to go back-

ward:

The exceflive Heat that ufually attends the fifth
Month s expreffed by the Lzaﬂ, an Animal re-
markable for his Strength and Fiercenefs.

- The fixch or the Harveft Morth is reprefented
by the Pirgin Reaper, o G!m#ar with an Earof
Corn in her Hand.

The feventh Month, their Sun arrives at the au-
tumnal Equinox, when the Days and Nights are
every where equal, and is therefore exprefled by
the Ballance, or Séales'in Equilibrio.

Odéiober ‘18 reprefentéd by the Scorpion, with a
Sting in his Tail, hftau{e it is often a fickly Seafon,
nccaﬁnned by the Suﬂctrs got in the hot Summer
Months.'

November belhﬂ' the hflntmg Seafon, is reprefent-
ed by the Sagittary or Archér.

As the Crab rePr.,ﬁ:nts the backward’ Motian of
the Sun after the Summer Solftice, i'u in December,
the Goat which delights to browfe up Hill, repre-
{ents the "Wmtf_r Solftice, becaufe after ir, the

Sun begms ‘then 'to - aﬂ:end or to firetch to the
Nortnward L&

January

- ST
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FYanuary is rveprefented by Aquarius or the Wa-
terer, fignifying the Rains and Snows of the
Winter Seafons; and February is reprefented by the
two Fifbes in a Band, becaufe this is the prime fifh-
ing Seafon in the Year.

“As for the reft of the Conftellations which are
out of the Zodiac, the Bulk of them were formed
by the Grecians, who imitated the Egyptians in
giving the Names of Men, Animals and other
Things, to Parcels of Stars; but without any fuch
particular Reafons as the Egyptians had, for nam-
ing the 12 Signs of the Zodiac,

The
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The Ufe of the

Celeftial G L Q.RE

PROBLEM L

Te ﬁms‘ Ibt ﬂgbt Afeenfion and Declination of any
Seih - Syar.

R I N G the Star- to the graduated Edge of
Bthc Brazen Meridian, and ' the Degree over it
will be it’s Déclination 3 then obferve the Degree
ot the Equinoctial that is at the fame Time under
the graduated Edge of the Meridian, and that
will be its right Afcenfion.

PR OB IL
To find the Latitude and Laﬂgﬁ#ﬂ'ﬂ of any Star,

Bring the Pole of the Ecliptic to the graduated
Edge of the Meridian, over which fcrew the Qua-
drant of Altitude and elevate the Globe to 663 De-
grees or to . the Diftance of the Polar Circles from
the Equator, and then the Ecliptic will coincide
with the Horizon: Stay the Globe in this Pofition
and turn the Edge of the Quadrant of Altitude
to the Star; then the Degree on the Quadrant

which meets the Star, will be 1t’s Latitude, and
the
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the Degree on the Ecliptic which is cut by the Edge
of the Quadrant is the Degree of it’s Longitude.

PR QB Il

To find the rifing and [etting af any Star for any given
Time and Place.

Elevate the Globe to the Latitude of the Place,
find the Sun’s Place for the given Day on the E-
cliptic, and bring it to the graduated Edge of the
Brazen Meridian, and put the Index ot the Hour
Circle to 12 at Noon: Then bring the Star to the
Eaft Part of the Horizon and the Index will fhew
the Time of it’s Rifing and it will tell the Set-

ting, if the Star be brought to the Weft Part of
the Horizon.

N. B. In like Manner the Rifing and Setting of
any Planet may be found, by putting a fmall Bit of
Paper to reprefentit’s Place in the Ecliptic, which
may be known at any Time by an Epbemeris.

PHRACE, *OTY.

How to diftingui/h ome Star from anotber, and te
know the Situation of the Heavens for any given
S Time.

Elevate the Globe to the Latitude of the Place
you are in, and having marked the Sun, Moon,
and Planets on fmall Bits of Paper, ftick them in
their refpe@ive Places on the Ecliptic; bring the

Sun
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Sun to the Meridian and fet the Index uf the Hour
Circle to 12 at Noon, and fet the Meridiap of the
Globe due North and South by the Compafs.

Then turn the Globe till the Index Points to the
Hour of the Night, at which you make your Ob-
{ervation, and every Star and Planet, which is
~ then above the Horizon, will coincide with 1Us

_Original in the Heavens: For if Lines drawn
from the Center of the Globe to every Stas on'it’s
Surface, were continued to the Heavens, each weuld
pafs through it’s Original; or if the Globe were
trani’pgrent, and the Obferver’s Eye in it’s Center,
every Star on the Globe would cover it’s real Star
in the Heavens. So that by learning the Names
given them on the Globe, you may by Degrees
become fo well ‘acquainted with the Heavens, as
to be able to'tell at any Time, what Stars they are
that lie here or there,

PR LB WX

The Place and Day being given, to fiud the Sun or
Stars Eqfiern or Weflern Amplitude, oblique Afcen-
Sfion and Defcenfion, afcenfional Difference, and Se-

midiurnal Arch.

Elevate for the Latityde, and bring the Sun’s
Plice or the Star to the Ealt or Weit Part of the
tHHorizon ; then the Arch between i, and the Eaft
or Weft Point of the Horizon thews it’s IFaltern and
Weftern Amplitude. The Degree of the Fqui-
noctial, where it cuts the Honzon thews the abligue
Afcenfion or Defcenfion ; and tbe Difference berween

the
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the right and oblique Afcenfion (or if it be of
the Sun, the Difference between the Hlour which the
Index points to,and Six)is the afcenfionalifference,
which being converted into Time, and added 10
Six, when the Sun or Star declines rtowards the
elevated Pole, 2. ¢. in Northern Latirude, when
it is North Declination, or {ubtracted from Six
when it declines towards the deprefied Pole, gives
half the Time of its Stay above the Horizon ;
which when we fpeak of the Sun, 15 called the
Jemidiurnal Arch. The Conpliment of the femi-
diurnal Arch to 12, gives the feminofiurnal Arch or
half the Time of it’s Stay below the Horizon. The
Sun’s femidiurnal Arch computed from Noon,
gives the Time of it’s fetting, and his feminoc-
turnal Arch computed trom Midnight, gives the
Time of his rifing.

LI I T

The Latitude and Sun’s Place being knownm, end if
either the Hour of the Day, or the Aititude, or
Azimuth of the Sun or Star be given, to find the
other two.

Elevate for the Latitude, bring the Sun’s Place
to the Mendian, fix the Index of the Hour Circle
to 12 at Noon, and fcrew the Quadrant of Aldi-
tude to the Latitude ;5 then,

1ft. If the Hour be given, turn the Globe till
the Index points to it, and bring the Quadrant of
Altitude to the Place of the Sun or Star; then
will 1ts graduated Edge fhew the Degree of Alti-

Q. q tude
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tude, and the Degree of the Horizon where the
Quadrant cuts it, fhews the Sun’s Azimuth or
Bearing,

ad. If the Altitude be given, bring the Sun or
Stars Place to meet with the Quadrant at che given
Alatude, ‘then the Index will Point to the Hour,

and the Interfe@ion of the Quadrant and Horizon

will thew the Azimuth.

3. If the A=zimyth be given, bring the Quadrant
to interfe@t the Horizon at the given Azimuth;
then by turning the Globe, bring the Sun’s Place
or Star to the graduated Edge of the Quadrant

and the Degree of the Quadrant where they meet

fhews the Altitude, and the Index pomts to the
Hour.

Hence 1f the Altitude and Azimuth of any Star
be found by Obfervartion, it will be eafy to find
that Star on the Globe 5 and by taking the Altitude
and Azimuth of any Star on the Globe at a given
Hour, the Star may be found in the Heavens,

PR.O BEWIE,

¥he Latitude of a Place being given, to find the Cof
mical rifing and fetting of any given Star,

For the Rifing,

Elevate for the Latitude, and bring the Star to
the Faltern Parc of the Horizon: See what Degree
of the Ecliptic is chen rifing, and anfwering to
that Degree in the Kalendar on the Horizon, you
will find Ue Day required,

For
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For the Setting,

Elevate as before, bring the given Star to the
Wefitern Part of the Horizon, then obferve what
Degree of the Ecliptic is rifing to the Eaft, and over
againtt it as before, the Day may be found. Thus,
Latitude 531 N Sirius rifes Cofmically 5 the 14th of
Anguft, and fets Cofmically the 12th of Nevember.

PR O B. VIIL

The Latitude of a Place being given to find the Archre-
nical Rifing or Setting of any Star.

For the Rifing

Elevate for the Latitude, bring the given Star
to the Eaftern Part of the Horizon ; then fee what
Degree of the Ecliptic is cut by the Weftern Pare
of the Horizon, the Day an{wering to that Degree
will be the Day required.

For the Setting.

Elevate as before, bring the Star to the Weftern
Part of the Horizon, and fee what Degree of the
Ecliptic is then fetting, and oppofite to it in the
Kalendar, you will have the Day required.  Thus,

Sirius rifes Achronically the gth of February,
and {ets the 11th of May.

PR OB.
































































































