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PRR B ALE,

Jormer Editions bave met with,
iriclines e to hope that this feventh
Edition will find further Encourage-
ment from the Publics efpecially when
# 15 known what great Improvements
are made through the whale Work
Jince the firf? Edition of this Book, both.
by the Advice and Remarks of many
learned and judicious Perfons, (which I
pere gratefully acknowledge) and my
own Qbfervations; All this has pro-
duced confiderable Alterations, Correc-
tionsy and Additions 5 for many new and
curious Subjects, and ten new Plates,
are added : And the moft  approved
Authors, who have treated more largely
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Philofophical Grammar-

_ G e Fa Nl %
Of the Science of Philofophy in gene-
ral; of Natural Philofophy in par-

.t:mrfm* 5 its Parts and Subjetts, and
VAYIoNs U [fes in Life.

A. HAT is the genuine Meaning
\; g’ of the Word Philofophy ¢

B. By Philolophy, you are to
underftand the Sc:r:nc:e or Knowledge of the
Nature, Caufes, Properties, and Effe@s of all
created Beings, {fo far as they are capable
of being known by Reafon, dnfc,uvered by Art,
or any Ways adapted to the human Cumpre-
henfion *

* The Word Pr1vrosorny among the Ancients was ufed in
a various Senfe; fur, (1.) It fometimes was taken for Uni-
werfal Knowledge, viz. of all Things, Human and Diwine.
(z.) In a ftricter Notion, for the Contemplation of Natureonly ;
and in this Senfe a Philofopher was called by Plate, @ires 7is
@oosas, A Friend, or Lowver of Nature. (3.) Sometimes for
Ethics, or the Dﬂ&rinf of Manners; which we call Moral Phi-
lofophy. (4.) It alfo included the Mathematical Arts and Dy~
cipline, efpecially drithmetic and Geomerry. (5. The Science
78 o¥7wg sr7eg, of Exiftence or Emng in the Abﬁraﬁ called Me-
tapbyfics. (6.) For the Knowledge 72 mpairs xai¥, of the Prime
or Chief Good, 7. e. God; and this was their preima Philojophia,
or Theology. (? ) It was fometimes applied to Legic, or Dia-
leftics, which gave Rules for reafoning about the Nature of
Things.—But on the Whole, the Knowledge of Gody, Na-
tare and Ares, was {o very imperfedt and.i‘,nt that Philofo-
phy feems but dawning in the Works of its grea:el’t Profefiors

gmong them,
A 2 A. Pleafe



4 PrirosoPHICAL GRAMMAR,

4. Pleafe to be a little more particular in
your Definitions, or I cannot foeafily (as I
would) apprehend you: What do you mean
by the Nature of Things?

B. By the Nature of any Being, or Thing,
is meant that peculiar State or Condition,
whereby it is differenced in its Kind from all
other Beings whatfoever: Thus it is the Na-
ture of God to be perfeét; of Man to be fo-
ciable; of Fire tobe hot; of Ice to be cold,
&e.

A. In like Manner explain what you mean
by the Caufés of Things, that I may the better
apprehend you on thefe Philofophical Sub-
jects. | |

B. By Natura! Caufes are to be underftood
the Means by which Things come at firft to
have their Being or Exiftence: Thus God is
the Caufe of all created Beings, becaufe from
him they firft received their Being; and hence
God is called by way of Preheminence the fir/?
and primary Caufe of all Things.

A. Thave heard, and alforead of fecondary
Caufes; pray, what is the Reafon of this Dif-
tinction? ' '-

B. T'll endeavour to inform you. Seconda-
7y Canfes are thofe which produce their Ef-
fedls according to the Direction and Influence
of fome eftablithed and original Laws and
Rules, implanted in their Natures at their firft
Creation by God, the primary Caufe; of all
other Caufes he is the original ‘Caufe; and
confequently they, with Regard to the jir/ff
Caznfe, tan be only propetly termed fecondary

I Caufes :



Of Philofophy in General. 5
Caufes: So the Sun caufeth Vapours; and
Vapours caufe Clouds; and Clouds condenfed
caufe Rain; Rain caufeth Springs, Rivers, Ve-
getation, &¢. but yet they all act in a fecon-
dary Manner, under the original Influence of
the firft Caufe, as aforefaid *.

A. Pleafe next to define what you call the
Properties of Bodies.

B. By Bodies, I {uppofe, you mean the fe-
veral Kinds of Beings in general, as they ap-
pear to our Sight; and, in this common Senfe
of the Word, the Properties of Things are
thofe Qualitiesand Operations peculiartothem-
felves, and which diftinguith them from all
other Kinds of Beings: Thus it is the Pro-
perty of Man to laugh, and reafon; of Glafs
to be tranfparent; of Air and Wind to be in-
vifible; of Space to be infinite ; of God to do
Good, &e.

A. The Knowledge of Effe&s you mention-
ed as a Part of Philofophy; what am1I to un-
derftand thereby?

B. This: That an Effe& i1s whatever is
produced or brought to pafs by the Aétion or
Operation of any natural Caufe: Thus Va-
pours are the Effet of the Sun’s Attraction;
Ice is the Effect of a cold Air; Vifibility the

* The Dottrine of Secondary and Final Canfes, is of the laft
Importance in true Philofophy ; fince the former are the Means
by which, and the latter, the Ends for avhich, all Things receive
the'r Being from the Primary Efficient Caufe, which is Ged
,alone, :

A 2 Effect
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Effe&t of Light; and Purging and Vomiting
the Effects of divers Herbs and Medicines.

A. Having given this general Account of
Philofophy, I fhould be glad if you’d oblige me
with a more particularone; pray, how many
Sorts of Philofophy are there?

B. Philofophy is divided generally into Mo-
ral and Natural.

A. What de you call Moral Philofophy?

B. This is properly called Erbics, from the
Greek Word wles, and Morality, from the La-
tin Word Mos, plural Mores, both fignifying
Manners or Bebaviour.

A. Pray, what is the Bufinefs of Moral
Philﬂfﬂph}? P

B. To give Rules and Laws for the Beha-
viour, Manners, and Condut of Man, as Man,
or as a rational Creature,

A. Pleafe to tell me the End or Dcﬁgn
thereof.

B. The great End and Defign of Morality
is to make Mankind acquamtcd with the
Means and Methods of bemg happy, or to
obtain the gredteft Felicity in this Life.

A. What do you properly call Natural Phi-
lofophy?

B. This hath two proper Appellations; one
in Phyfic, from the Greek guois, Nature, or
q’:um:ﬂ:.'}, Natural; and fo it imle‘tS to us the
Science or Knowledge of Nature, or natural
Bodies.

A. But you fay it hath another Name;
what is that ?

B. Phy-



The Differ.of moral and natural Philofophy. 7

B. Phyficlogy; fo called of gigis, Nature,
and 2dyes a Difeourfe ; and by this is implied
a Difcourfe of Nature, and natural Bodies; and
fuch is. the enfuing Book #,

A. Since the Word Philofopby, then, is ge-
neral ; what is implied by it?

B. The Word Pbilsfophy is compounded of
the two Greek Words q:':.?u's;, LE‘IJE, and a'aqwra:;,
Wifdom, or Knowledge ; and thus it implies the
Love of Wifdom, or the Study of Knowledge
or Learning in general, as aforefaid 4.

A. How came the Word Philofopby firft in
Ufe?

B. Pythagoras, alearned Greek Philofopher
of Samos, from his great Modefty, efteemed the
‘Appellation gogos, a wifé Man, too arrogant,
(though the general Characterof alearned Man
before his Time) and therefore he was content
to call himfelf giroe, a Lover, gopias, of Wif-
dom: And fince him the Science has been
called Philofopby, i. e. Love of Wifdom; and
thofe who itudy it, Philsfopbers.

* The Greek Word ¢vris and the Latin Natara, (whence the
Englith Word Narure ) are both derived from Verbs, wiz. ¢vw
anfﬂaﬁﬁr, which ﬁgnif}r to mai&,ﬁmd’aﬂ*, ﬁfgﬂ, or give ﬁn'-.':g
toany Thing. Thus Nature, properly {peaking, is the Geueral
Bireh of all Things.

+ The Word Philsfophy, though literally Greek, yet is of an
Hebreaw Derivation ; for @iaiz feems to be from nbs, to fepa-
rate, et apart, feleét; whichis the Aét of Lowve in a mofl emi-
nent Degree: And copiz is evidently from noy. #o 0bferve, ex-
plore, view, and contemplate Things ; which 1s the proper Bufi-
nefs of a Naturaliff, And thus from ey came the Greek co¢a)
or Contemplative Wile Men.—Yet notwithftanding this, fuch
poor Philofopbers were the Hebreaws, that their Language affords
not one Word for Nature or Philafophy.

A 4 A, Very



8 The PHILOSOPHICAL GRAMMAR.

A. Very good; but fay, what isthe proper
‘Subject of Natural Philofophy?

" B. Subftance or ‘Matter, under all the va-
rious Forms and Figures we behold it, which
we call Natural Bodies, with all their Pro-
perties and Affections. |

A. What is the Defign of Natural Philo-
fophy? °

B. To improve human Knowledge, to
make us better acquainted with Nature, to
give us a rational Senfe of Things, by difco-
vering the Reafon of the various and different
Affections, Qualities, and Effe@s of Objeéts,
which offer them{elves to our Senfes, fo far as
1s pofiible. |

A. What are the more principal Ufes of
Philofophy in the Affairs of human Life?

B. They are almoft innumerable; for here-
by Men are diftinguithed from Brutes, who
mdced behold the various Phafes of Nature,
but can tell the Reafon or Caufe of none.’
By this Art, the Pbyfician acquires the Know-
lﬂdge of the Virtue and Effeéts of Plants and
Herbs; the Chymiff hereby obtains the Me-
thod of analyzing and diffolving Metals, Mi-
nerals, Plants, animal Subftances, &¢. and
reducieg them to their firt Elements; the
Apﬂfzﬂemry hence underftands the Reafon of
the various Compofitions of Simples for
the making his Medicines; the Affronomer
hence learns the Frame and Conflitution of
the Heavens, and the Magnitude, Diftance,
and Ph‘hﬁﬂ of all the heavenly Bodies; the

Hufband-



The Parts and Subdivifions of Pbyficlogy. ¢
Hﬂﬁ‘ﬁﬁdmﬂﬂ ﬂlfﬂ;mﬂ,}’ know, from ithe Rules
of this Science, the moft advantageous Me-
thods of cultivating and manuring his Land ;
the Navigator, from hence, borrows the
Theory of his Art; and, in {hort, there is no
State, Art, or Capacity, in Life, which does
not dire@ly, orindireétly, receive Advantage
and Benefit therefrom.

C HAWP. 1l
of the Parts and Subdivifions of

PuoysiolL0GY.

A O W many are the Parts of this
Science of natural Phyfislogy ¢
B. It may properly be divided into four ge-
neral Parts.
A. Which are they?
B. Thefe following, wviz.

1. Somatobgy, which treateth of the com=
mon Nature, Properties, and Qualities of
Matter, and its various Combinations in
natural Bodies.

1. Cofinolagy, or Uranolgy, which treats of
the Nature, Conftitution, and component
Parts of the Univer/e in general, and par-
ticularly of our fular Syflem.

III. Aerology, which treats of the Nature
of the Atmofphere, or Region of A,

. and
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and all the Pbenomena thereto belong-
ing *, :

IV. Geology, which treats of the Nature,
Make, Parts, and Produétions of the Glode
of Earth on which we live.

A. 1 {uppofe each of thofe general Parts re-
ceive a Subdivifion, do they not?

B. Yes, into feveral other Franches..

A. What are the Subdivifions of the firf¥
general Part, Somatology ?

B. Somatology, as it confiders the common
and {pecial Properties of natural Bodies, is di-
vided, with refpect to them, in the Manner I
thall by and by name to you, when we dif-
courfe of that Part. -

A. What are the particular Branches of the
fecond general Part?

B. Cofinolsgy, or more properly Uranology,
comprehends the following Branches, v:z.

1. Heliograpby, which treats of the Sun.

2. Selenography, which treats of the Moon.

3. Planetography, which treats of the Pla-
nets.

4. Cometography, which treatsof the Comets.

§. Aftrograpby, which treats of the fixed
Stars.

* The Word Phenomenon being of moft frequent Ufe, it is
proper the Reader fhould be acquainted, that it is derived from
the Greek Verb @uiw, to appear; whence Phanomenon fignifies
an Appearance, and plurally, Phenomena, the dppearances of
Thiggs.

A. How



The Parts and Subdivifions of Phyfiology. 11
A. How 1is the third Part {ubdivided ?
B. Aerology 1 divide as follows, w7z, into,

* 1. Aerography, which treats of the Atmo-
[phere, or Body of Air.
2. Aﬂfmograpé_}r, which treats of the Winds.
e Mem:ragmpéy, which treats of the
.Meffar.r
Phantafinatography, which treats of the
fe!gl?faf Appearances, or fuch Phenomena, as
exift only in Vifion, and not corporally.

A. How do you {ubdivide the laft general
Part?

B. Geology is moft naturally divided into
the following fubﬂrdmate Branches, wviz.

1. Geograpby, which treats of the Earzh,
or Land.

2. Hydrography, which treats of Water.

3. Pbhbytography, which treats of Plantsand
Vegetables.

4. Zoography, which treats of Animals of
all Kinds.

And thus you have a concife View of the
feveral Parts or Subjets of our enfuing Co/-
loquies.

A. Sir, nothing will fo much delight me,
as Reflections on fuch Topics as thefe; I al-
ways love to hear People talk of the Wonders
of Nature, and being now directly engaged in
a Converfation of that Kind, my Defires are
excited almoft beyond Expreffion. -

B
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B. T'll do my Endeavour to fatisfy you if
pofiible, and am very glad to find you hunger
and thit{t after ufeful Knowledge; while others
vainly {pend their preciousandirrevocable Time
in idle and profane Amufements, you have the
Happinefs of duperior Senfe to dictate to you
the more noble, manlike, and virtuous Me-
thods of improving your Time; which will
yield you not only Abundance of Delight, and
rational Pleafure, but at the fame Time make
you wifc and happy: To this End, I fhall
communicate to you whatever I have found in
the Writings of the great Sagesand Firtuofo's
of the laft and prefent improving and inquifi-
tive Age, and will endeavour to make all
Things plain and eafy, as I go along, by fa-
miliar inftances, and plain demontftrative Fi-
gures and Schemes.

Cb Acod. il

Of Axioms relating to Puvsics; of
the RuLes of PHiLosoPHIZING,

L R E there not fome fundamental
Principles, or Axioms, on which
this Science depends? :
B. Yes, moft certainly; the chiefeft of
which I fhall here lay down.
A. What doyou make the firft Axiom 2
B. Axiam 1. Nothing bathno Properties.
A. Pleafe



Asxigms and Rules of Philofophizing. 13

A. Pleafe to exemphify this dxiom. -

B, Iwill: But firt underftand, that by Nos
thing, is meant a ftate of Non-Exifierice, or
Not=Being; and therefore to fay nothing is
hot, is cold, hath-Parts, is greator {fmall, &e,
would be abfurd.

A. What is the fecond Axwm 2

By Asxiom 11. Somewbhat doth exifs.

A That is fomewhat merry, Szr; I believe
No-body will deny that to be an Axzom, in-
deed.

B. You may think of it as you pleafe, but
I affure you I have met with thofe who have
had recourfe to Logzc, to prove their own Ex-
iftence*,

A. Pray, let me know your third Ax7m.

B. Asxiom II1. There is no Medium between
Something and Nothing, Exifience and Non-
Exiftence.

A. This is moft certainly true, and to fup-
pofe the contrary were abfurd; pray, let me
know your fourth Axzom.

B. Axiom IN. That which doth cxift, arzd
is dependent on any other created Being for
it5 Exiftence, is properly the Effence or Subftance
of the Thing exifling. - The Truth of this,
though extremely evident to thofe who have
been ufed to a philofophical Way of Thinking,

* Witnefs the trite Eiithmem of the Schools, Ego cogito, ergo
Sum, 1. e. Ithink, thcrcfﬁre I am, or do exift. The Sceptics,
it is well known, were abfurd encugh to deny the Certainty
of any Thing, and, confequently, of their own Exiftence,

will,
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will, perhaps, appear more clear to you farther
on.

A. Let me hear your next Axmm. .

B. Axiom V. No Subftance, or Effence, can
be produced out of Notbing ; or it is impoffible
Nothing fhould be made Sometbing *. |

P. This indeed is very true; feor 11" Nothing
could be made Something, it would then have
fome Property, which is contrary to your firft
Axiom; and cnnfequenﬂy abfurd. I pray, yuur
fixth Axiom.

B. Axiom V1. No. Matter, Subffance, or
Effence of any Thing, 1s capable of being reduced
to mere Nothing, or annibilated.

A. Truelikewife; for if Something could
be converted into Nothing, then would No-
thing have a Property, contrary to Axiom 1.
Alfo, as it is impofiible for a Thing to be, and
not to be, in the fame Moment; therefore,
between the Time of its Beingand Not-heing,
there muft be fome intermediate State of ‘Ex-
iftence, contrary to Axzom III. Pleafe to re-
late your next Axzom.

B. Axiom VI, Ever Ejﬁé‘? bath fome e aufe,

pre-exiftent to itfelf.
A. Thatl, andevery Body elfe, muft beheve,

or be abfurd 4. Pray dehver your next Axionm.
B. Axiom

* This is the famnuu Axiom of the Philofophers, Ex sibilo
uibil gignitur ; and is {o evident a Truth {as well as the follow-
ing Axiom) that I wonder how any Perfon can think it unfit
to be believed, or inferted here, which is a proper Place for it;
fince [cannotfee that it containsany Thing unreafonable or irre-
ligious, if it be granted that God cannot perform Impnﬂib:lums.

+ Fnr to fay, that any one Thing is the Caufe of itfelf, is to

fay
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B. Axiom VIIL. If we ourfelves are not the
Caufe of any Effect, then that Effeit muft de-
pend on, and refult from, fome other Caufe.

A. This is a plain Confequence of the fore-
going ; your next Axzom, if you pleafe.

B. Axiom YX. 4l Things, as far as in them
15, continue in the fame Statein which they be-
gan thewr Being. |

A. 1 believe I take you right; you mean
what was at fArft made Straight, Crooked,
Square, Round, &c, would of themfelves al-
ways perfevere in that State, and of their own
Accord would never aflume any other Figure.

B. Very gocd; that is the full Meaning of
the Axiom.

A. Pray let me hear your next. |

B. Axiom X. Every Change is produced from
Some external Caufe.

A. Moft certainly; for fuppofe I fee a
Flower in full Bloom lie withered on the
Ground, I preflently conclude fome external
Caulfe hath made that Change in the Flower;
which elfe would have continued vivid and
frefh. |

B. Thatis the Cafe. I have one Axim
more to propofe, and that is,

Axiom X1. That every Change made in any
Body, is always proportionable to the Powersof
the Caufe producing it. Thus the Motion of a
Body is always in Proportion to the Greatnefs

fay that it exiffed Lefore it did exif?, which is abfurd ; or elfe
that its Exiftence was ueceffary, which can only be faid of the

Deity.
o
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“of the Power, or Stroke, that put it fir)l into
Motion:

A. Andare there no other Mamrns of this
Science, that areneceflary to be difcourfed of
before we go farther?

B. Thofe already rt:Iated are fuflicient for
this Place ; but as this Science depends on
certain Prmuples, fo it is likewife to be con-
duéted by certain ftated Rudes.

A. T doubt not but this Part of Knowledge,
which (according to the Notion I have of it)
is very abftrufe and difficult in many Parts,
muft require proper Rules and Precepts for a
due Improvement, as well as moft other Arts.
Pray, Sir, then, whatand how many are the
Rﬂ!ﬂ of Pﬁffgﬁpﬁiﬁfﬂg 2

. They are in Numbér few, and are
as fcllow, VIZs

Rule I. We muft take Care to admit no
more Caufes of natural Things than what are
true, and fufficient to explain their Pbeno-
mend.

Rule I1. We muft obferve always to affign
the fame Caufes for the fame natural Effeéts.

Rule 1. Thofe Qualities which cannot be
increafed or diminifhed, and agree to all Bo-
dies in which Experiments can be made, muft
be adjudged the Properties of all Bodies in ge=
neral,

Rule 1V. Propofitions and Conclufions,
deduced from actual Experiments, muft be
clicemed true and accurate, notwithftanding

- any
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any Hypothefes, or received Suppofitions, to the
contrary ; and muft be infifted on, till fome

other Phenomena cither render them more ac-
curate, or liable to Exception.

A. What is the Reafon of the firft Rule ?

B. Tt is founded on this Principle : Nature
doth nothing in vain; but it is in vain to do
that'by many Means, which may be done by
fewer: Now Nature is fimple, and never lux-
uriatesin {uperfluous Caufes of Things. There-
fore, &¢.

<. That is exceeding good, indeed. Pray il-
luftrate the fecond Rude. - |

B. By the fecond Rule, we are to affign
the fame Caufes of Refpiration in Beafts, as
in Men; of Heat in Water, as in Fire; of
Light in Fire, as in the Sun; and of the Re-
flection of Light in the Planets, as in the
Earth, &¢. '

A. Pray give the Reafons of the third Ru/e.

B. The Qualities and Properties are not
known to us but by Experiments ; and there-
fore whatever we find to anfwer by all Experi-
ments we can try, muit be allowed an univer(al
Property of all Bodies ; on thofe on whom we
cannot, as well as of thofe on whom we can,
make Experiments : Nature being always con-
fentaneous and analogous to itfelf,

A. Indeed the Reafon of the laft Rule is
fo obvious, that, I think, none can doubt
it; no Perfon being fo perverfe and pre-
pofterous, as to affirm there is more Reafo

B n
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in a bare Hypothefis, than in Facis of Experi-

ments *®,
B. Yet, it is ftrange, you’ll fay, that, by this
very Rule, the Syftem of the Cartefian Philo-

Jepby muft fall; that Burnet’s Theory of the

World and Deluge muft be valued at no
greater Eftimation, than aningenious Romance :
And thus muft Mr. Whiflen’s, and all other
World-mongers Syftems and Theories, diflolve
into a philofophical Nothing, which want ac-
tual and repeated Experiments to fupport
them .

* Thefe Rules, with the Reafons of them, are taken from
Sir Ifaac Neawton's Principia.

+ —— Monfiear des Cartes, the great Malter and Deliverer of
the Philofophers from the Tyranny of 4rifotle, is to be blamed
for all this, for he has encouraged fo very much the prefump-
tuous Pride of Philofophers, that they think they underftand all
the Works of Nature, and are able to give a good Account of
them ; whereas neither He, nor any of his Followers, have giv-
en us a right Explication of any one Thing,—His great Faolt
was, that he made no Ufe at all of Geometry in Philofophy.
Keilf’s Introduétion to his Examination of Dr. Burnet's Tg.fw_-p
of the Earth, Page 11, 12, 15,

Concerning Dr. Burnet’s Theory, the fame learned Gentleman
obferves, that——His rhetorical Expreflions may eafily capti-
vate an incantious Reader, and make him fwallow down for
Truth, what I am apt to think the Author——defigned only
for a philofophical Romance. —— My Defign therefore is to
chufe out fome of the principal Heads of the T heory, and hav-
ing fthewn them to be falfz and difagrecable to the Laws of Me-
;f-ﬂm.ffmé the reft muft all fall to the Ground of courfe. Jéid.
fage 20, 27.

As for Mir. Whifion’s Theory, he fays I believe it will be
evident, by the following Confiderations, thata Comet could ne-
ver have produced thofe various Effets which Mr. #Wbifler has
atrributed to it ; and it will alfo farther appearthat the Deluge
was the immediate Work of the Divine Power, and that no fe-
condary Caufes, without the Interpofition of Omnipotence,
could have brought fuch an Effett to pafs. Remarks on Mr.

C H:& ¥,

Whiftou's Theory of the Earth,
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I Wl D

Of Hypothefis, of Experiments, of va-
rious Inflruments Jor that Purpofe,
and their Ules.

A. RE any Kinds of Hypothefis to be
admitted in reafoning about natural
Subjeéts ?

B. The Philofophers of the prefent Age
hold them in vile Efteem, and will hardly ad-
mit the Name in their Writings ; they think
that which depends on bare Hypothefis and
Conjecture, unworthy the Name of Philofo-
phy; and therefore have framed new and
more effectual Methods for philofophical En-
quiries,

4. And muft therefore a Philofopher in no
wife have Recourfe to Suppefitions ? May he
not be admitted to fay, he fuppofeth a Thing
may be fo or fo ? Or muft he immediately af-
fign an experimented Caufe, or elfe dire@ly
confefshisIgnorance ? What areyour Thoughts
in this Matter ?

B. Why I muft confefs, to difcard all Hy-
pothelis from Phyfics, is to reduce it within
yery parrow Limiits ; aud in Truth, I think,
it is falling from one Extreme to another ; I
am perfuaded that Hypothefis duly qualified,
L not abfolutely neceflary, yet may be very

B3 {ubfervient
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{ubfervient to natural Philofophy ; and I know
not what Kind of Philofophers we fhall have
in {ucceeding Ages, if they will receive no
{yftem of Philofophy, but what is wholly
founded on mathematical Experimentsand De-
monftrations *,

A. What Kind of Hypothefis, and how
qualified, do you allow may be ufed in Philo-
ﬁﬁﬁy g

B. They muft have moft or all of the fol-
lﬂwmg Qualifications.
1. They muft be agreeable to juft Reafon-
in

gﬂ. They muft be neceflary for Want of
Experience.

3. They muft be confentancous to Expe-
rience. ,

.. They muft be fufficient to fatisfy the
Phenomena,

¢. They muft be natural]y adapted to the
Cale

6. They muft be pofiible on every Account.

<. They muft be pmbable in their own
Nature.

8. They muft be free from all Sufpicion of
Prejudice, Affection, or Prepoflefiion, in their
Author.

® When the Reafon or Caufe of Things does not appear, itis
much more ingenuous to acknewledge our Ignorance, than to
advance abfurd and extravagant Hypothefis, or, which is much
worle, to have Recourfe to occulz (or irm":fm] Caufes and Qua-
fities, the infamous Refuge of a vain and ignorant Race of

"hllt}fﬂphth
4 A1
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A 1 believe, Sir, few will deny you the
Ufe of Hypothefis thus circumftanced and
qualified : But pray, what Kinds of Demon-
ftrations are thofe by Experiments, which you
intimate they rely fo much upon?

B. The very beft all Nature can produce ;
they far exceed the keeneft Glance of the Eye
of Reafon, and nothing but Divine Revelation
can inform us more truly of the intimate Na-
ture of Things.

4. Very wonderful indeed! Happy the
Age in which this Art received Improvements
from fuch extraordinary Inventions. Pray,
who were the firft Authors of improving P4;-
lofépby by Experiments ?

B. Their Names are recorded in the Book
of Fame; have you not feen therein the glar-
ing Characters of Bacon, Boyle, Sir Ifaac
Newton, Woodward, Dr. Halley, Ray, Derbam,
and feveral other exalted Philofopbers 2 Some
of whom are now living ; and others fubfift in
marble Monuments to gratify the Curiofity of,
and be admired by, all Pofterity.

A. Yes, I have heard of thofe great Names
you mention ; but not being very converfant
i the learned World, know but little about
them ; yet take an exceflive Pleafure in hear-
ing Relations of them, and the wonderful
Things they.have difcovered.

B. I am glad to find in you {uch a Difpofi-
tion, and queftion not but you will be highly
gratified with the Series and Sequel of our
Difcourfe,

Bj A1
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A. T believe I fhall ; but to the Point: In
what Manner, I pray you, are thofe Experi-
ments performed ¢ for, as you have feen the
Manner thereof, you can well inform me.

B. They who have reduced experimental
Philofophy to Method, and make it their Bu-
finefs to teach it others, prepare a large Ap-
paratus of Infiruments of all Kinds, tu the
Value of five or fix hundred Pounds ; and at
ftated Times, in a very large Room, there is
an Operator appointed to perform a Courfe of
Experiments therewith, in all the various Parts
of natural Philofophy, in the open View of
all who are prefent to {ee and learn the Manner
thereof.

A. Cannot you give me fome particular Ac-
count of thofle Inftruments, and the Manner
of ufing them?

B. It is the Subje of a large Volume te
defcribe them with their Ufes in particular :
However, of {uch as are moft common, to be
had in the eafiet Manner, and which you
yourfelf may underftand, and ufe if you

leafe, you may take the fﬁllDng Account.

The Telefcope is an optic Inftrument, where-
with to view diftant Objects, which it greatly
enlargeth, and makes them feem near us; by
which Means the Aftronomersand Philo{ophers

have made wonderful Difcoverieg in the Sun,
Moon, and Planets *.

The

* The Word Telefcope is derived from meazu, to perfe"t and
STy 10 view ;. as being an Inftrument that perfefs our Froaw

'nr
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The Microfcope is contrived to augmentand
render vifible very minute and {mall Objects,
which otherwife efcape the Sight *, '

The Helig/cope is a Sort of Teleftope, fitted
{o, as to look on the Body of the Sun with-
out Offence to the Eyes .

The Barometer, or Barofcope, is contrived
to eftimate the fmall Variations of the Weight
or Preflure of the Air J.

The

er Sight of diftant Objeéts, to the greatelt Degree poffible. 7e-
Jefeopes are of two Serts; Disptrical, which perform all by Re-
fraction ; and Cata-dioptrical, which perform by Refleition and
Refradion jointly. Since the Surfaces of Bodies are increafed
in Propartion to the Squares of the Diameters or like Sides, the
Light falling on them will be diminithed in that Proportion ;
and confequently the more an Objeét is magnified, the more
obfcure al?u it appears: Thus if one Glafs magnifiesthe Breadth
or Lcngth of an Objed ten times more than anoth_.cr, it will
appear indeed an 1co times bigger, but withal an 100 times lefs
bright than in.the other. Therefore the more a Telefcope ex-
ceeds the Length of five or fix Feet, the worle it is for viewing
Terrefirial Bodies ; but for Celeffial ones, the greateflt Magnifier
is the beft, becaufe their Light cannot be leflened to any Dif-
advantage, it being {o very great, ,

® Microfcope is compounded of wupds, fmall, and oxoxé-, to
view ; becaufe by it fmall Objeéts are apparently magnified
to the Sight. In this, alfo, the larger the Objeét is made to
appear, the more obfcure it will be; and therefore in large
Magnifiers, it is neceflary to illuraine the Objeét very firongly
with the Light of the Sun or Candle, by means of a Lens, or
refleéting Mirrour,

+ Helicfeape, from #n@-, the Sun, and guorsu, to view; it is
belt made by {moking a Piece of Glafs with a Candle, and

utting it before the Eye-Glalfs of a Telefcope next the Eye ;
or then the Sun may be viewed in his Meridian Splendour
without the leaft Offence.

1 Barometer is fo called of 825::, Weight, and perpiw, to
mealure ; becaufe it meafures the Heawine/s or Weight of the At-
mofphere. The common Barometericalled theTorricellianT ube,
from its Inventor Torricellius an Italian) 1s a Glafs Tube of
; Bs about
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The clnemofcope is an Infirument invented
to forethew the Change of the Airor Wind *,

The Alolipyle is contrived to thew the Na-
ture and Force of pent-up Air, rarefied and
breaking forth, refembling a Tempeft4, &e.

about three Feet in Length, and ./, or+% ofanInch Bore, herme-

tically fealed at one End, and at the other it is filled quite full

of Quickfilver; and thus immerfed in a finall Veffe] of Quick-

filver, thatin the Tube will fink down, or run out into the

Veffel till it remains in the Tube between 28 and 31 Inches

perpendicular Height; and this Column of Mercuary in the Tube

1s equal in Weight to a Column of Air of the fame Bafe, and of

the Height of the Atmofphere, and confequently is fufpended

by it ; which therefore, by its rifing higher or falling lower,

fhews the proportionally greater or lefler Weight or Preflure of
the Atmofphere. Now fince the Difference of the leaft and

greateft perpendicular Height is in this Tube but about three

Inches, therefore divers Contrivances have been made to render

this Motion of greater Length in fome other Direttion, that

thereby the Vanation of the Air’s Weight might be rendered

more fenfible, or more exaétly meafured : Hence arofe divers

Kinds of this Inftrument, as the Diagonal, the IWheel, the Ma-

chine, &c. in Barometers; for alarge Account of which, fee Har-
ris’s Lexicon, or Rowwning’s Diflertation on the Barometer,

* Anemofeope, from frspw®, the Wind, and exonie, to view ;
becaufe by it we fec what Point or Part of the Horizon the
Wind is upon at any Time. A very good Aremefeope may be
made on the T'op of the Houfe (affected direétly by the Wind
on all Sides) by means of an Iron Rod ftanding a confiderable
Height in the Air, with a Vane fixed on the Top to render it
'verf?;tife; the lower End of which defcending, the Covering
fhall have a large Index or Hand, turning upon the Cieling of
the Room, in the Center of the Compays duly deferibed thereon ;
for then the Zudex will always fhew the Point to and from
which the Wind blows.

t Eolipyle (from Aiizs midas, the Gates of Folus, the God
of the Winds) is a fmall hollow Globe of Brafs, &c. with a
fmall Neck and Hole, which being heated red hot, and thrown
into a Veficl of Water, the Water will rufh into the Cavity al-
moft void of Air, and fill it; the Ball then fet on the Fire
again, the Water will be forced out, in vaporous Streams, with
great Noife and Violence, and by Fits, by the Rarefaétion and
épring of the internal heated Air.

. The
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The Areometer is an Inftrument to meafure

the fpecific Gravity of Liquids *.

The Hygrofcope 1s an Inftrument to thew
the Moifture and Drynefs of the Air -
The Thermometer meafureth the Degrees of
Heat and Cold in the Air .
- The

* dreometer, Huppofe, is from &pzise, rare, and wdée to mea-
fure; tho’ it meafures not the Rarity, but Grawity of Liquids,
The common Areometer, or Water-Poife, is made of thin Glafs,
of the Form reprefented in Plate I. Fig. 1. fronting p. 25, which
being hollow, receives fomuch Mercury as will keepitfiwimming
in an ereét Pofition ; then the Stem being nicely graduated, the
Surface of the Liquids, into which it is immerfed, will cut off
more or fewer Degrees ; that is, the Ball will fink more or lefs,
as the Liquids are feverally of a le(fer or greater Gravity. A new
Areometer 1s delcribed in Philof, Tranf. N2 262, which fee.,

t Hygrojcope (derived of Jype; moift, and oxorie to view)
is an ufeful Inftrument to be made feveral Ways. The eafiet
and beft of all is that made with a String of Whipcord faftened
to a Hook in the Cieling, and at the lower End of which is
fixed a Weightof about halfa Pound, with an Index at the Bot-
tom thereof a Foot long ; and under it a Table, &¢. with a
large Circle divided into an 100 equal Parts or Degrees, fo fit-
ted that the Centre of the Index hangs juft over the Centre of
the Circle. or this, after the String has been duly ftretched,
nicely fhews, by its Twifting and Contration, the Moiffure, and
by untwifling and lengthening, the Dryuefs of the Air, in the
Motion of the Index this Way and that over the fmall Divifions
of the Circle. See feveral other Kinds in Harsis’s Lex. Tech.
under the Word Hygrofeope, i 2,

1 Tkermometer comes from Séms, Warmth, and perpén, to

‘meafure ; the common Sortis the beft, which is enerally added

to the Barometer. It confifts of a Glafs Tube filled with Spirit
of Wine of a red Tinfure ; in making it, the Tube is heated
very much in the Flame of a Candle, which caufes a Pacuum
in fome Degree therein ; then immediately the open End is
dipt into the faid Spirit in a Veflel, which, by the Preflure of
the Air, is made to afcend therein, till the Ball and Tube-part
be filled to a neceffary Height, Then having a Piece of Paper,
&e. gradudted from a certain Point on each Side, to 100 De-
grees, put the Ball into Water juflt beginning to freeze, and
place the Surface of the Spirit in the Tube at that Time agai?irt

the
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The Hydroffatic Balance is anexceeding ex-
‘act fine Pair of Scales for making Experiments,
relating to the Gravity of Fluids *.

Dioptric Infiruments of various Sorts ex~
plain the Nature of refratted Rays of Light
‘through various Mediums +-.

Catoptric Inftruments are alfo manifold,
which thew the Nature of refleCted Rays of
Light f.
~ The Pneumatic Engine, called the Asr-
Pump, is the moft univerfal of all others ; it is

the very Bafis of the Philofophy of the Air,

and hath opened a greater Door to the Secrets
of Nature, than any Thing that was ever in-
vented befides ||

The

the (0)'in a graduated Line, and the Thermometer is adjufted
for Ufe. Thisis an Inftrument of admirable Ufe in the Hands
of a fkilful Perfon, in difcovering the Degrees of Heat and Cold
in Air, Animal and Vegetable Bodies, Liquids, Hot-beds, &3¢,
See a farther Account hereof in Dr, Hook’s Micregraph, Page
38, e

- * Hydreffatic 1s from §3zp, Water, and zaley, the Art of
Weighing. The Inftrument I make nfe of for finding the fpe-
cific Gravity of Solids and Fluids is different from, and much
better than, the common Hydroftatic Balance, as I fhall thew
when I am arrived at that Part of Philofaphy.

+ Dioptric (of 5i6=Topau, to fee thro’ any Thing) isa Term ap-
plied to all Optic Inftruments which conlift of Lenfcs, one or
more; as Telefcopes, Microfeopes, Magic Lantborus, and Camera
Obfcura, &c. becanfe by them we ke Odjeds thro’ the Medium of
Glafs, #. e. by Rays refrated throngh the Lenfes,

t Catoptric (wdzaxlpor, a Mirrour) is a Term applied to all
Kinds of Glafs, &c. Mirrours, whether plane, convex, concave,
circular, cyplindrical, &c, becaufe by them we fee Objefs by
Rays of Light reffeffed from their Surface, which is called Re-
flex Vifran.

il Pucumatic is from zusSua, Spirit, Air, Wind ; becaufe the
Air-Pump exbaufts the 4ir owt of Bodies, placed in a proper
Veilel, called a Receiver,

: : A De-
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Various Inflruments defcribea. 2%

The Orrery, which thews the Movements
ef all the Heavenly Bodies in the Solar Syftem
about the Sun (by a noble Piece of Mecha-
nifm) all the Phenomena whereof are nicely
correfponding to the Truath *.

A Defcription of this moft fuprizing and ufeful Engine, ac-
cording toMr. Hawhfbee’'simprovements thereof, take as follows.

The whole Structure of the 4ir-Pump, in which 4, 2 are
two ftrong hollow Barrels, or Tubes of Brafs, in which two
Emboli, or Suckers, are moved up and down by their Racks
¢; ¢, in whofe Notches a Cog-wheel falls, which moves npon
the Axis f, when the Winch 4 is turned ; g, g are two Pillars
of Wood fixed on the Frame at Bottom, and having Screws at
Top on which the Nuts ¢, ¢ do run, and prefs down the
Piece £, 7 upon the Tops of the Barrels, to fix them at 75p
and Buttom 5 b, b is a Swan necked hollow Brafs-Pipe, which
communicates with an hollow Brafs Picce » above, and an-
other in the Box 4, 4 below; the Piece » alfo opens into the
Cavity of the Receiver o, 0, by a fmall Hole in the Top P'late
#, i, on which it is placed : Alfo the Pipe in the Box 4, &
communicates at each End by a fmzall Tobe with the Barrels

&> g5 and thus there is a Communication between the Bar-

rels and the Receiver s, o, by which Means, the Air in the

~ latter is exhaufted by the suckers of the former. Moreover,

5, 1 is a Gage, being a Barometer with its Bafon of Mercu-
ry in, and its boxen Index graduated into Inches and (above
28) the Tenths of an Inch ; this Index is fet on a Piece of
Cork which floats on the Sarface of the Mercury, that it may
rife and fall with it, and fo exaétly meafure the Height of the
Mercury in the Tube above the Surface of that in the Bafon.
For this Barometer is open at Top, and commaunicates with
the Receiver, {o that the greater or leffer Quantity of Air
therein is thewn by the lefler or greater Height of Mercury
in the Tube. In the Pipe» isa Stop-cock, that alfo commu-
picates with the Receiver, and either excludes or re-admits the
Air, as Occafion requires., On the Brafs Plates £, at the Top of
the Frame, are placed wet Leathers to fet the Receiver upon,
which effectually excinde all the external Air, while the internal
15 exhaufling by the Operator. And this is the Confiru&ion
of the ir-Pump in common Ufe.  All which is exemplified by
the Copper-I'late II. reprefenting an Air-Pump, and fronting

. this Page,

_* See the Figure of the Orrery publithed by Mr, Thomas
I !
A. Sure
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. Sure, wonderfully curious and delightful
muft it then be, to fee all thofe extraordinary
Things pcrfﬂrmed by fuch nice Inftruments !
Alas' how great is the Ignorance of the Ge-
nerality of Mankind ! what wretched, unwor-
thy, and uncouth Notions have we cnncewed
of the World and Things therein! We think
ourfelves learned, if we know how to find out
a Word in Bailey’s Dictionary, little dream-
ing fo much Pains, Expence, and Time, ne-
ceffary to acquire but a partial Knowledge,
and to be efteemed but moderately learned !

B. Well, but don’t be difcouraged; the
Knowledge of thefe Things will be much
eafier and cheaper to us, than they were to our
- Forefathers ; what coft them Pounds, we may
have for fo many Pence; what coft them
Years of Study, Fatigue, and Difquictude, we
may acquire with Eafe and Pleafure in a few
Days or Months ; what they rejoiced to come
at by Piece-meals, and in an imperfect Man-
ner, we have prefented, as in one entire me-
thodical View. Wherefore, if we are 1gnn-

rant, it is becaufe we are i1dle and indolent in-
deed : If we live fatisfied only with the vulgar
erroncous Notions of fallacious Senfe, and en-
deavour not to reltify them by the Precepts
" of refined and learned Reafon,and the Methods
put into our Power ; in vain then hath God
given us Ability to be wifer than the Fowls of
Heaven, and to have mare Underfianding than

the Beajls which perifh.

THE
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kA P Y,

SOMATOLOGY, treating of the common
Nature and Properties of all na-
tural Bodies.

A. H AT do you call Sematology 2
B. That Part of Phyfiology which

treateth of Matter or Subftance in general,
with the Nature and infeparable Properties of
all Bodies confifting thereof.

A. What is implied in the Original of the
Word Somatology 2

B. The very fame Thing; for it is com-
pufed of the two Greet Words, oopale, Bo-
dies, and poyos, a Difcourfe; i. e. a Difcourfe
¢f natural Bodies.

A. What do you mean by Matter ¢

B. The Subftance, or Effence, of which all
Things in the Univerfe confift. :
A Is there any Difference between wha
you call Matter and Body 2

B. No; excepting only, that the latter is
ufed often in the Plural, for the feveral fmall
Parts and Divifions of the common Subftance
of the Univerfe; 7. p. they are called Bodies.

A. Is the ntimare Nature of Matter to be
known ?

B. No;
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B. No; this is concealed from human
Knowledge ; all -we can difcover of natural
Bodies, are fome few Properties and Affec-
tions thercof, which are more obvious to our
Senfes.

A. Is the Matter of all Bodies the fame ?

B. Yes; what the Philofophers call the
primary conftituent Particles, Atoms, or Cor-
pufcles of Matter, which conftitute Bodies of
infinite Kinds, are yet the fame, or of the
fame Nature, among themfelves, in all thofe
Bodies *.

A. And is not this the fame Thing as to fay,
that Fire and Water, a Fiint and Down, Gold
and Dung, &c. are the fame Things with re-
fpe& to the Matter of which they confift ?

B. Yes, they are {fo; and what thence do
you infer ? fi

A. What then ? why then, I believe, you
will have few Difciples amongft the common
People; and feveral will think they give it a

* Dr. Weodward afferts Matter to be originally and really
very different; being at its firft Creation divided into feveral
Ranks, Sets, or Kinds of Corpufeles ; that thofe of the fame Kind
are every where alike and uniform ; but thofe of different Kinds,
differ not only in Suéfance, but in all the Qualities obfervable
in Bodies compounded of them. And that from hence arife the
Differences in Colour, Tafte, Smell, Hardnefs, Gravity, &c. in
all Bodies. See his Eflay towards a natural Hiftory of the Earth.
Part v. p. 229, 230. This is the Doétrine alfo of the Carse-
Jians, tho’ abundantly confuted by the Newionians. Ste Neavt.
Princip. p. 388. Optics; p. 313. Mufehenbroek’s Elem. Phyf.
Matth. § 61, 83, 383. Cheyre’s Phul. Princip. p. 59. Bople
on the Principles of natural Bodies., Ray on the Creat, p. 68,
835. Keills Introd, ad ver, Phyf, Sedt, viii.

better
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* better Term than it deferves, if they call fuch
Aflertions philafophical Romancing.

. .B. It is very probable, that it may be fo;
but the real Nature and unchangeable Truth

~of Things are ftill to be infifted on, though
they are unknown to, and gain no Credit with,
the Vulgar. |

A. IsiMatter finite, or infinite ?

B. Finite; and limited within certdin Spaces
and Bounds, in the various Parts of the Uni-
verfe *.

A. How is Matter, or Body, commonly

confidered ? |
- B.As having three Dimenfions, viz. Length,
Breadth; and Lhicknefs.

A. Is this Confideration of Matter the moft
philofophical ?

B. Noj; it is too vulgar and defe&ive.

A. What 1s a more accurate Method to ac-
quire the beft Knowledge and Ideas of Matter,
or'Bodies, that we are capable of ?

B. By confidering thofe Properties and Af-
fections thereof, which are obvious to us, and
beft known by us.

A. How are the Properties of Bodies dif-
tinguifthed ?

B. Into thofe which are common to all
alike, and thofe which are peculiar to each'in

* ‘The Cartgfiars ablurdly. place the Effence-of Matter in Ex-
zenfion, and confequently make it infinite, as being then the fame
as Spaceitfelf. But the Neavtonians placing. it an folid impene-
grable Corpufeles, or Atoms; make it finire. See Neawt. Princip.
p. 316. Cotes’s Pref, thereto. Mufihenbrock, Part iv Chap. iv.
Kesll's Introd, Le&, ii.  Clarke’s Notes on Robauls, p. z2.

C partia
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particular : The firft are called Common and
Effential, the latter Specific and Accidental.

A. Which are the Properties of the firft
Sort ?

B. They are generally reckoned thofe which
follow :

1. Extenfion, for all Bodies are extended.

II. Diwvsfibility, for all Bodies may be di-
vided.

III. Solidity, for the Particles of all Bodies
~are hard.

1V. Figurability, for all Bodies have fome
Form or Figure.

V. Mobility, for all Bodies are capable of
being moved.

A. Is this Enumeration of the common
Properties of Bodies every Way juft, and equal
in all Things ?

B. No, 1donot think itis; for, firft, they
may all be aflerted of the whole Body, ex-
cept Solidity, which agrees only to the Par-
ticles of Bodies: Again, other Properties may
as univerfally be aflerted of Bodies as fome of
thefe, as Durability ; for a Body is no lefs in-
finitely durable, from its Nature, than it is in-
finitely divifible.

A. Which are thofe other Properties of Bo-
dies, which you call Specific or Accidental 2

B. They are generally reckoned the fol-
lowing :

| & Lz:gér.
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1. Light.

II. Colours.

111, Sound.

IV. Gravity and Levity.

V. Attrattion and Eleétricity.
. VI. Tranfparency and Opacity.

VII. Denfity and Rarity. 3

VIIIL. Hardnefs and Sofinefs.

IX. Rigidity and Fffxzéz?z'ry.

X. Cwyﬁfme and Fluidity,

XI. Heat and Cold.

XII. Humdity and Siccity.

XIIL. Elafticity.

XIV. Odours and Sapours.

A. What do ynu call the Elements of ni=
tural Bodies ?

B. Thofe pure and fimple Subftances, of
which all grofs and mixed Bodies are faid to
confift ; and into which thiey may ultimately
be refolved, or reduced.

A. How many afe thofe Elements ?

B. The Ancients counted feven, viz. Frre,
Air, Water, Edarth, Salt, Sulpbur,and Mercury.

. How many do the Modérns reckon ?

B. Some of the modern ch mical Philofo-
phers reckon five, viz. Mfrmry Pé!’fgﬁ:, Suls
phur, Salt; and Earth., Others reduce them
to three, viz. Mercury, Sulpbur, and Salt.
Whereas, in Reality, there are no other Ele+
- ments of natural Bodies than the primoge-

nial Particles of Matter, or Subftance, of
C 2 which

ol
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which they confift univerfally, and endued
with the Properties above mentioned *.

CHAP IL

Of ExtensioN, and the MagN1TUDE
and DiMeNstoNs of natural Bopizs.

A, Remember you faid, the firft of the

univerfal and eflential Properties of
Matter, or Body, was Extenfion ; pray explain
what is meant thereby.

B. Extenfion of Matter, is the Quantity of
Bulk, or Size, into which the primogenial
Particles of Matter are diftributed, or extend-
ed, in any natural Body.

. What arifeth hence ?

B. The Do&rine of Magnitude, and Di-
menfion of Bodies.

A. What do you call the Magnitude of Bo-
dies ? .

B. Their Size, or Bulk, or Quantity of
5pace, which they take up.

A. How do you compite, or eftimate the
Magnitude of Bodies *

B. By the Quantity of their Dimenfions.

A. What do you call the Dimenfions of Bo-
dies ?

= That t]‘IEI'E 1s but one Element of all Bodies, wiz. Subfance,
or Matter, is largely fhewn by the Authors quoted in Page 33.

B, Their
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B. Their Extenfion in Length, Breadth, and
Thicknefs, or Depth; and thefe are the com~
mon Terms or Bounds, which limit the Sub-
ftance of all Bodies.

. Have all Bodies thefe three Dimenfions ?

B. Yes, they have ; though one, or two, or
all of them, efcape our Senfes; yet, they ne-
verthelefs exift together in all Bodies.

A. How do fome then fay that a Point hath
no Dimenfions ?

B. They mean by this, a Peint, or the fmall-
eft Part of Space, which, naturally {peaking,
is Nozbing, and therefore hath no Properties.
4. How are Bodies differenced, with re-
{peét o their Dimenfions ?

B. They are by Mathematicians, on that
Account, diftributed into Points, Lines, Sun
perficies, and Sokids,

A. As how ?

B. They call that a Point, when all the three
Dimenfions are [o very fmall, as to be altoge-~
ther imperceptible, as the Speck A: A Line,
is that which appears to have no Breadth or
Thicknefs, as BC: A Superficies, that which
hath Length and Breadth, but no perceivable
Thicknefs, as ABCD : Lajtly, they call that a
Solid, which hath evidently all the three Di-
menfions, as the Solid S; whofe Length is
AC, 1ts Breadth AB, and its Thicknefs, or
Depth, AE. See Fig. 1, Ii, III, and IV. on
Plate 1V, fronting pioL

- A. How many are the Degrees of Magni-
tude 2

C3 B. They
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B. They are infinite ; for no Body, however
great or {mall, can be given, but another may
be conceived greater or fmaller than it; as [
fhall demonftrate to you when we difcourfe of
the Divifibility of Matter.

A. How are Bedies, or Thmgs, faid to be
great or fmall 2

B. Greatnefs, or Smallnefs, are only relative
Terms; and Things are great or fmall only,
as they are compared one with another :
Thus a Mountain two or three Miles h:gh, 18
a great one, and one not above two or three
Perches high, is a fmall one, when they are
compared together.

A. Then, I {fuppofe, you count it imprq-
per and unnh:lufaphlcal, to fay any Thing i is
abfolutely great or finall ?

B. Moft certainly it is; becaufe the fame
Thing is cither great or fmall by Comparifon
only : Thus a Hog is.a fmall Creature, com-
pared with the largeft Elepbant; but it is a
great Creature, when compared with a Laagﬁr
that crawls on his Back.

CHAP.
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i AT 1o 11

Of the DivisisiLity of Matter, of
the INviNiTY thereof, and of the
wonderful Duccirity and Divi-
SIBILITY of feveral Bopiks.

A HAT is the Divifibility of Matter ¢

| B. It is that univerfal Pmperty
or D1f ofition of a Body, whereby it is capa-
ble of bemg divided or reduced into. Parts,
either actually or mentally.

A. How far are Bodies capable of being
divided ?

B. A Body is divifible in #finitum, or with.
out End.

A. This is a wonderful Do&rine! What
will you fay, that a very fmall Particle of
Matter is capable of being divided into Parts
{till leffer and lefler, through all the Ages of
Eternity ?

B. Yes; and as wonderful as it is, it is ca=
pable of no lefs than a plain mathematical
Demonftration.

A. Do you fay fo! I with it may be fuch
as I can underftand ; pray let me fee it, how-
EVer.

B. 1 will,and I’ll engage that you o any one
may underftand it; and it is thus. Let EF (Fug.
V.on Plate 1V, frontmg p-70 )be aright Line,
L_ C4 I fay,
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I fay, that Line may be divided into a Number
of Parts, exceeding any finite Number ; and it
is thus demonftrated, * Through E’ and F, the
two Extremities of the me:, let there be
drawn the two parallel Lines AB, CD; and
fuppofe they were infinitely extended to the
rrght Hand, then it is evident, that in the Line
CD, infinitely extended, there may be taken
an infinite Number of Points, 4, 4, ¢, d, ¢
&c. Now if to each of thofe Points there be
drawn fEraicht Lines from the Point A (takén
in AB, to tha left of the given Line EF) each
of thofe Lines Aa, Ab, Ac, &c. will cut off a
{imall Poition of the Line EF; but becaufe
the Points g, 4, ¢, &c, are infinite in Number,
fo Jikewile are the Lines Aa, Ab, A¢, &c. and
c:}nﬁ.quentl} the Parts, or fmall Portions, thE}F
will eut off of the Lme EF, will be infinite in
Number alfo; and thus it is mamf’eft that the

Liné EF, however fmall, may yet be dlwded
into an 1nﬁmtc Number af Parts.*

.. A. Indeed it is {o plain, that I muft cnnfefs_
and believe it :* And what may we infer from
this wonderful Property of Matter ?

B. Firf?, That the leaft Particle of Matter
1s capable of an infinite Divifion, as well as the
grﬂateﬂ'

* For itis impofiible that all the Parts of the Llnﬂ EE, or the
leaft Particle thereof next B, thould be cut off, unlefs we candraw
a Line from the Point A to the Line CD which fhall at the fame
Time coincide with AB : But that chis is impoflible, every Tyro
in Gﬁﬂmetr} can eafily conceiveand demonftrate. See this Pro-
perty in varions W’a.}rs demontftiated by Dr. Keill, in his third
and fourth LeQtures in' his Intrﬂduftmn to Natural Philofophy.

Secaﬂa’f b



Of Divifibiity and Ductility. 4%

Secondly, That there is no fuch thing as in«
finitely fmall Particles of Matter.

Thirdly, That the original or primogenial
Particles of Matter, into which it may be ul«
timately reduced, are altogether paft human
Comprehenfion.

Fourthly, Hence we learn what wonderous
Eftects a fmall Picce of Matter may produce
by its Dsvgfibilizy and Duétility. .~

A. What do you call the Duifility of Mate
ter ? _

B. That Difpofition of it, whereby it is ea+
fily drawn out into Length, or Breadth. .

A. What curiousand extraordinary Inftances
have you of this Kind ?

B. I think the following very remarkable,
217 TR ]

Mr. Boyle faith, a Piece of Silk, weighing
two Grains and a half only, was drawn out
into a ‘Thread three hundred Yards long.

He faith alfo, that one Grain of Gold
may be beat into a Leaf of fifty fquare
Inches.

If then an Inch in Length be divided into
two hundred Parts, the Eye may diftinguifh
them all ; wherefore in one Grain of Gold are
2000000 of vifible Parts,

An Quiice of Silver may be gilt with
eight Grains of Gold, which afterwards may
be drawn out into a Wire of 1300 Feet
long. _
Dr. Hulley has made it appear, that 124 500
of thofe very fine Skins of Gold, ufed in gild-

5 ing
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tng Silver-wire, do not in Thicknefls exceed
an Inch. Befides feveral other Inftances.

- A. Thefe Things are very admirable in-
deed. What other remarkable Difcoveries have
iflued from the Divifibility of Matter ?

B. The extraordinary Subtilit}r of Matter,
and the Tenuity or Finenefs of its Parts, wﬂl
appear by thefe Inftances.

A. Mr. Boyle hath found, that one Grain of
Copper will tinge 285134 Grains-of Water 3 3
and therefore in a Drop of Water, whofe Dia-
smeter is one hundredth of an Inch, there are
contained 211400 vifible Parts of Copper,
reckoning only an 100 to an Inch.

Again, Dr. Keid/ hath computed  the
Magnitude of a Particle of Ajfa Featida,

38

to bf‘.- '[T:uuﬂﬂunaaueaaannu Pﬂ.rts Uf a CUbiC
Inch.

- He has likewife fhewn, that one of thofe
Gleobules of Blood, which circulate in the Veins
of fome very ﬁnall Creatures, doth not exceed

Ihe 10000800000200000000000CBO00C0E00 PHI’I‘.E Gf a4
Cubic Inch.

+ Once more, he hath alfo demonflrat-
ed, that one Grain of Sand will contain
‘12 §0000000000000000000000c0 of the a-
torefaid Blood Globules ; that is, 102 56 Times
more than the higheft Mountain upon Earth
contains Grains of Sand.
. Lajily, Hehath thewn the leaft Particle of
Matter (hall be made to fill the greateft Space
(fuppofe the Orb of Safurn) {fo that there
{hall "be .no Pore therein, whofe Diamster
{hall
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{hall exceed the 100000c000000th, &¢, Part
of an Inch " '

* They who would fee much more on the extreme Duilicy
and Subtility of Bodies, may confult Robault’s Phyfics, Part].
Chap. g3 Dr. Clarke’s Notes thereon ; Mr. Boyle in his Book
of Effuvia; Dr. Halley in the Philof. Tranf. N° 194 5 and
efpecially Dr. Keill's Fifth Leure of his Introduttion to Na-
tural Philofophy.

It may not be acceptable to the Reader to have fome Idea
of the furprifing Smallnefs of Microicopic Animalcules, from
Calculation, Suppofe fuch an Animalcule be AB (See Fig. Il.
on Plate], fronting p. 25.) whichis made vifible by the Lens
C at the Diftance of BC, which fuppofe one Tenth of an
Tach: then will the Angle ACB be equal to one Minute, for
under fuch an Angle an Objeét will but juft appear or be
vifible. ' '

Then in the Right-angled Triangle ABC, there is known
the Side BC = % of an Inch, and the Angle C =0¢° 1", to
find the Side AB, the Length of the Animalcule, which is
thus found, by Trigonometry.

As Radius 10,
To the Bafe AC =o.1 §.00C0C0
Sa is the Tangent of ACB = 0% 1/ 6.463726

To the Side AB = o.000029 5.?‘*3;?36
That is, fuppofe an Inch divided into a Million of equal
Parts, this Animalcule AB will be no more than 29 of thofe
Parts in Length.

Suppofe it were as wide as long, the whole Surface thereaf
would be o.00000000684 ; that 1s, 84 of an Hyndred Thou-
{fand Million of equal Parts of an Inch Square.

Lafly, Suppofe it of a Cubic Figure, it will then be but
0.0000000NC00C024. i+ & oEvsToiisoroses OF 24 of a
T boufand Millions of Millions of equal Parts of a Cubic Inch.

If then the Animalcule itfelf be of fuch an inconceivable
and ftupendous Smallnefs, how fmall muft the fineft Particles
of the Fluids be which fiow through the fineft Veficls of its
organized Body ! This doubtlefs exceeds all Calculation, and
the Force of lmagination itfelf.

CHAP
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(O 5 B G

Of the Sorivity and Ficurasmrry
| of Bobiks, |

A HA'T is that common Property
! of Matter, or Body, which you
call Solidity ¢

B. Solidity is that Property, whereby a Body
refifteth all others that prefs it on every Side,
and whereby it hinders all other Bodies from
entering into that Place which it pofiefleth,
though they are forced againft it ever fo vio-
lently. '

A. Then fuppofe I prefs a Body ever fo
forcibly between my Hands, that Property
which prevents my Hands from coming to a
mutual Contaét, you call Se/idity, if I unders
ftand you right?

B. Yes, Ido fo; and this Property is the
Ground or Caufe of all Refiftance in Bodies.

A. Is not this a new Term for this Proper-
ty ! | .
; B. Yes, it hath been formerly called Jupe-
‘netrability; becaufe two Bodies cannot pene-
trate each other, or be in the fame Place at

once ¥,

* Some have compounded thefe two T'erms, and called this
Property of Matter Impenetrable Solidity ; and which does cer-
tainly betier exprels it than cither of the Words fingly.

A. And
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A. And is this Property of Matter the fame
in liquid or fluid Bodies, as it is in hard or
fixed ones ?

B. The very fame ; for a Drop ‘of Water,
or a Particle of Air, remaining fixed between
any two Bodies, will no lefs hinder their Con-
tact, than an equal Quantity of Steel or Dia-
mond would do. ¥

A. Pray what is that you call Figurability
of Body or Matter ?

B. Thatuniverfal Difpofition thereof, where«
by it is neceflitated to appear in, or put on fome:
Sort of Shape, or Figure, or other.

A. Wherein doth the Shape or Figure of
Matter confift ?

B. In the Manner, or Mode, or Fathion,
of its Extremities, or external Superficies,
within which it is contained.

A. Is it not the fame with what is called
the Form or Modification of Matter ?

B. Yes; and fince the Forms of Matter are
only the Shape, or Fathion, of its terminating
Extremities, we muft excludefubflantial Forms,
as the contradictious Nonfenfe and Yargon of
the Schools*.

A. Doth this Property of Matter you now
difcourfe of, equally relate to the original

* The Doétsine of Sulylantial Forms is doubly abfurd, be-
caufe it teaches that Forsm is itfelf a Subffance, and yet incor-
poreal, and of itfelf incapable of Quaftity, Dimenfion, and
Divifion. 'They are certainl poor Ontologifts; as well as Phils-
Jaghers, who talk at this I-{a:e. Let thofe who would fee a
great deal to litthe Purpofe faid on this Head, read Semnertus’s
Bpicome of Nytural Sqience, Lib, i. Cape 3. -
primoge niak
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primogenial Particles of Matter, as well as
to the grofler Compofition thereof in natural
Bodies ? ,

B. Yes; but in thefe inconceivable Parti-
cles of Matter, the Forms, no doubt, are
much more ﬁmple, regular, and determinate,
than in thofe heterogeneous ‘Compofitions
which we are acquamted withal;

offi 2 O
Of Mosiiity of Matter, and the Na-

ture of MoTioN and ResT.

A. [ JRAY what is meant by the Mubility
. of Matter ?

B. It is that eflenttal Property, whereby
any Part of Matter is capable of Motion, or
being moved.

A. What 1s Motion 2 e

B. A continual and fuceeflive Change of
Place, i

A Whatis Reff2

B. The Continuance of a Body in the fame
Place, for any Time.

A. What is the Caufe of Motion ¢

B. An external Force or Power applied to
any Body ; which being fuperiour to its Refift-
ance, impelleth or driveth it out of its Place *.

A. How

* Motion may be confidered, (1.) as ab/olutely fiee, or at leaft

fo far as to be affefted with nmhmg but the Refiftance of the
Medium
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A. How 1s Motion di&inguifhcd P

B. Into abfolute and relative,

A. What is abfolute Motion 2

B. The real Motion of a Body, from one
Part of abfolute Space to another.

A. What do you call relative Motion 2
- B. It is the Change of Place, with Refpett

to fome other Things at Reft : And abfolute
and relative Reft is juft the contrary to thefe.

A. What do you obferve hence ?

B. That a Perfon may relatively be at Reft,
who yet is really and truly in abfolute Mo-
tion.

A. Pleafe to exemplify this Matter.

B. I will. Suppofe a Perfon feated in a
Ship, he appeareth to all within the Ship to
be at Reft ; though at the fame Time he is
moved with the {fame Motion, with the fame
Swiftnefs, and according to the fame Courfe,
as the Ship itfelf is, with regard to abfolute
Space.

A. What are the general Affe@ions of Mo-
tion ?

B. They are thefe three, viz.

1. The Celerity or Velocity of Motion.
2. The Quantity of Motion.
3. The Direftion of Motion.

Medium thre’ which the moving Body'pafles. (2 ) As determinate,
and under reffraint, when the moving Body is obliged to move
upon or about aﬁ’x&i Point, which is called the Centre of Motion.
Thus, fuppofe the Line AB be moved on the Centre C into any
other Pofition, as ab: the Point C is faid to be the Centre of
vhat Motion. See Fig. II1. on Plate 1, fronting p. 25.

A, Whas



48 The PurrosermicAL GRAMMAK,

A. What do you mean by the Celerity of
Motion 2 '

B. It is that whereby a Body pafleth over a
given Space, in a given Time: So that if inone
Minute a Body A pafleth over the Space a4,
and another Body B pafleth over the Space cd;
- in the fame Time ; then the Celerity or Swifz=
~mefsof the Body A will be to the Gelerity of the
Body B, asthe Line 24 is to the Line cd.  See
Fig. VL.* on Plate 1V. fronting p. 70.

- A. How do you compute the Quantity of
- Moton ¢ J _

B. By compounding the Proportion of the
Quantity of Matter, and the Velocity of Mo~ |
tion. Thus, if the Body A hath two Parts of

* That is, the Celerities areto each other; as the Spaces pafled
thro’ by the moving Bodies. And thus, while ABis movin
into the Situation a4, the Point B will defcribe the circular Arch
B2, in_the fame Time that A defcribes the Arch Aa; atid con-
. fequently the Celerity of the Motion of the Point B will be to
that of the Point A, as the Length of the Arch Bé is to the
Length of the Arch Aa, as being the Spaces pafled thro”in the
. fame Time ; and this is the Foundation of all Mechanics, or

the Science of Motion, :

Now the Arch B is to the Arch Aa, as C) is to' Ca; for
they are the Radii by which thofe Arches are defcribed. From
4 and « let fall the Perpendiculars #F and 2D on the Line AB;
then in the fimilar Triangles 2CD and éCE, we have 4C to
aC, as CE o CD; and therefore the Arch 4B is to the Arch

@A, as CE is to CD ; confequently, if any heavy Body were
placed on the Point B, and another on the Point A, fince all
heavy Bodies, at Liberty, tend to the Earth in perpendicular Di-
reftions, while the Line AB is raifed to the Situation a#, the

. Weights would, according to their proper Dire&ion, or Pro-

penfion, be moved thre’ the Spaces 4Ii and «D only ; and fo
their Velocities, or thie Spaces they pals thro’ round the Point

- L, will always be proportional to the leait Diftances CE and

CD, of their proper Diretions éE and 2D, from the faid

Centre of Motioa C,

Matter,
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Matter, and fix Degrees of Velocity, the Mo-
tion of that Bedy will be twelve. See Fig.
VIL. * on Plate 1V, fronting p. 7o.

. Then by this Means I perceive you have
an eafy Method of comparing the Quantity of
Motion in any two or more Bodies ?

B. Yes, very truly : For, fuppofe the Body
A hath two Parts of Matter, and fix Degrees
of Velocity; and the Body B hath four Parts
of Matter, and ten Degrees of Velocity ; then
the Quantity of Motion in A, paffing from a
to 4, will be to the Quantity of Motion in B,
paffing the Space ¢d, as 12 to 40. See Fig.
VII. on Plate 1V, fronting p. 7o.

A. Why then I find, that if the Quantity
of Matter in any two Bodies be equal, and
their Velocities unequal, and the contrary,
their Quantity of Motion will likewife be un-
equal ?

B. It will be fo; for the Quantity of Mo-
tion in two Bodies will never be equal, if
their Matter or Velocity differs, unlefs in this
one Cafe, when the Quantities of Matterand
Velocity are in reciprocal Proportion to each
other: Asthus, 4: 2 ::6: 3. Wherefore the
Motion of B, with three Degrees of Velocity,
is equal to the Motion of A, with fix Degrees

* What I here call the Quantity of Motion, Mechanical
Philofophers call the Momentum or Force of Motion ; by which
they mean all the Power that can be given to any Bedy, by
Means of any Machine in regard of the Grawity or Felocity
thereof; from which two Principles, either fingly or compounded,
all the Force or Power of Bodies is derived,

D therecf,
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thereof. ~See Fig. VIL. * on Plate IV, front-
ing p. 70.

| A. What

* From hence the Theory or Reafor of the Ufe and Advan-
tage of every Mechanical Porwer, or Machine, is evident.

I. The LEVER, Fig. IV. of Plate I, fronting p. 25.

Let DE reprefent a Lewver, moveable on the Fulerum C ;
let P, a Weight of 2 Pounds, hang freely from the Point E, and
W, a Weight of 8 Pounds, be placed on the Point D : Now if
the Lever be moved, the Diftance CE will reprefent the Ce-

lerity of the Body P, and CD that of the Body W, by Note -

(*), in Page 40. Let CD be 3, and CE be 12: Then, fince
itisP: W:CD:CE,7 e 2: 8 :: 3:12, it is evident the
Power P (2) with its Celerity CE (12}, will be equivalent to
the Weight W (8) and its Celerity CD: (5); for the Bodies
P, W, being in a reciprocal Proportion to their Celerities (or
neareft Diftances from the Center C) being equal farz. 24)
on each Side, make the Force on each Side equal ; and confe-
?Eently the Lever DE will not be moved, but remain in Egui-
ibrio. #

Therefore, if an Hand be applied to the Point E, and prefs
on the Lever, with a Force any thing greater than that of
2 Pounds, it will raife the Weight W of 3 Pounds, placed as
here fuppofed.
~ Now tho’ there be Levers of feveral Sorts, what is here faid
is equally applicable to them all.

1. The BALANCE, Fig. V. of Plate I, fronting p. 25

The Balanceis a Machine fortrying the Equality of Weights.
Let DE be the Beam of a Balance, fufpended and moveable
on the Point C, whofe Arms (or Brachia) CD and CE are
equal, as in a juft Balance they fhould be; and A and B be
two Scales hanging from the Points D and E: Now if any

Standard Weight W be put in the Scale A, and any Thing,

fuppofe P, a Cheefe, be put in the other Scale B, and the
Scales remain in Eguilibrio, then is the Body P of the fame

Weight as W ; becaufe the Diftances from the Center C (wviz.
CD and CE) are equal.

Therefore if the Scale A rife or defcend, fo much muft be
taken frei, or added to the Body P, as will reduce the Scales to
4 an

B

S S e Ll
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A. What do you call the Diretion of Mo-
tion ?
B. It

an Eguilibration j as is always done in Juying and felling by
Weight.

III. 'The PULLEY, Fig. VL of Plaz 1, fronting 2. 25.

The Palley is a Machine for raifing Weights to a great
Hﬁighti

Let DEGF be a Tackle of Pullies, in which D and E are
fixed, and G, F move or rife and defcend with the Weight W,
Let any Power be applied to the Rope at P to raife the Wei ght
W ; now it is plain, that if the Weight W be raifed one Foot,
the Pullies F and G will each of them be raifed one F oot, con-
fequently the two Ropes R, S, belonging to F, and the other
two T, V, belonging to G, will each be thortened one Feot ;
therefore four Feet will be loft in the four Ropes, R, 8, T, V,
all which will be gained by the Power P ; or it will defcend four
Feet, while the Weight W rifes one ; and therefore the Velo-
city of the Power being four Times greater than that of the
Weight, the Weight will be four Times greater than the Power,
that at Prwill fultain it.

And in all Tackles of this Kind, the Power is to the Weioht
it fuftains, as One or Unity to the Number of Ropes applied
to the lower Pullies.

IV. The WHEEL and AXIS, F. ig. VIIL. of Plate I, fronting
?- 25.

Let ACB be a Wheel, in which is fixed the Axis X; now
it is eafy to conceive, thatif any Power P be applied to the Cir-
cumference of the Wheel, in order to fuftain a Weight W hang-
ing from the Axis X, the Power P fhall be to the Weighr

» as the Circumference of the Axis to the Circumference of
the Wheel. For while the Wheel turns once round , the Power
P defcends through a Space equal to the Circan#ference there-
of, and the Weight in the fame Time is raifed thro’ another
Space equal to the Circumference of the Axis; but the Cefe-
rities are as the Space paffed thro’, and therefore as the Cir-
cumferences ; whence the Propofition is evident.

But fince the Circumferences of Circles are as their Diame-
ters, the Power P will be to the Weight W, as the Diameter -
of the Axis X, to the Diameter of the Wheel AB, or (if
Spokes be added) to the Diftance of the Extremities of any
two oppofite Spokes, as D, E.

Dz V. The
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B. 1t is a right Line, fuppofed to be drawn

towards the Place where the moving Body
tends :

V. The SCREW, Fig. VIIL. on Flate I, fronting p. 235.

The Screxw 15 ufed for Prefere, and fometimes for raifing
Weights.

Let AB be the Male Screw, DE the Nut or Female Screw,
which is forced round by a Power applied to the Letter P,
which 1s fixed thereinto, Now it is evident, that when the Le-
ver I’ is turned once round, the Nus will be raifed thro” a Space
equal to the perpendicular Diftance between two contiguous
‘Threads of the Screw; wherefore the Poaver will be to the
Force of this Machine, as the Diftance between two Threads of
;Pc Screw is to the Spiral Circumference pafled thro’ by the

ower.

VI. The WEDGE, Fig. IX. on Plate I, fronting ;!: 25

_ Let ABD be the triangular Face of the Wedge, and fuppofe
1t were driven into a Piece of Wood quite to the Top AB 5 it is
plain the Wedge will have pafl=d thro’ the perpendicular Space
CD, while the Wood hath paffed thro’ the horizontal Space CB
or CA on each Side. And thereforeitisinferred, that the Poaver
1s to the Refiffance 1o be overcome on each Side the Wedge, as
the Thicknefs of half the Wedge CB to its Height CD. But
there are various Proportions ftated by different Authors con-
cerning this Matter, as appears from the Authors quoted in
Febnfon’s Quaflicnes Phily/. Page 69, 70. And they who would
ice them all well accounted for, may confult Rowning’s Comp.
Syflem of Philyf. Part I. Chap. 10. Page 72, 73.

Thele, with the Fnclined Plane, are all the fimple Meehani-
cal F{c;wcr::, of which all others, how complicated fcever, do
confift.

Hence the greatelt Artifice in Mechanics is to contrive the
Machine, fo that the Power may have the greateit Degree of
Velocity, and the Weight to be raifed the lealt Degree poffible,

. From hence alfo it is plain, that what is gained in lfJ’ﬂwEr 18
loft in Time; and that, fince the Force of the Power arifes
from the Produdi of the Celerity into the Quantity of Matter,
thy’ the Quantity of Matter be infinitely diminifhed, yet it
fhall effeét as much as before, by means of a greater Celerity.

Suppole a Man can prefs with the Force of 200 Pounds, and
thatthe Weightofthe Earth be 3909784700118074464789750 3
now imagine the Earth placed atone End of a Lever, at the
Liftance of Gooo Miles from the Prop or Centre of Mntiing'

then

-
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tends: As a4 is the Direction of the Body A,
in Fig. V1. of Plate 1V, fronting p. 7o.

A. What other Divifions of Motion do
you make ?

B. According to the Force imprefled on
Bodies, their Motion is either fmple or com-
pound. -

A. Pray, Sir, what is_fimple Motion 2

B. When only one Force or Power ats on
any Body, the Motion produced thereby is
fimple, and according to the Direction of the
imprefled Force.

A. And, next, pleafe to explain compound
Motzon.

B. This is produced when two or more
Forces act on any Body in different Directions :
Thus, {uppofe a Power H aéts on the Body
A, with eight Degrees of Force, in the Di-
rection AB ; and another Power I a&s on it,
with fix Degrees of Force, in the Direétion
NC; I fay, the Motion of A is not fimply in
either of the Dire&ions AB or AC, but in a
Direction compounded of both, viz. AD, and
that with ten Degrees.of Force, and arrives
to D in the fame Time as it would have ar-

then muft the Perfon or Power be applied at the Diftance of
11993541003542213943692500 Miles to fuftain it. If the
Earth be raifed but one Mile, the Power muft move through
the Space of 199%923500590322323948] Miles. The
Diftance of Saturn from the Sun (equal to its mean Diftance
from the Earth) fuppofe 770310-c0 Miles, by which divide
the Number 11993541003542233943602500, the Quotient is
155697450951035731, whichis fomany Times Saturn’s Diftance
from the Earth, that the Perfon mult be placed from the
Fulcrum to fuftain the Earth.

D3 rived
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rived to B or C with thofe Forces fingly. See
Fig. VII1.* of Plate 1V, fronting p. 70.

-CH AP,

* 1. Forfince the Body A is urged by a Force reprefented by
the Line AB=8, and by another reprefented by AC=6, the
Line]AC may be conceived to move parallelly along the Line
AB, while the Line AB, inlike Manner, and.in the {fame Time,
moves thro’ the Line AC; and the Body A being neceffarily
found in both thefe Lines, it muft be in that Point where they
interfect each other; therefore drawing BD parallel toAC, and
CD parallel to AB, thefe Lines BD and will be the Di-
retions of the Forces for the given Time, and confequently
the Point of their Interfection D, will be that in which the
Body A will be then found ; and the Line AD, the Path de-
fcribed by the Body A, or the Point D, in the feveral Mo-
ments of that Time. ;

2. Hence it is eafy to conceive how any given ffmple Motion,
as AD, may be refolved into two other fimple Motions, AB and
AL, whofe joint Efficacy is equivalent to that of AD; and
hence any Motion may be confideed as fmple or compound 3 on
which Principle the Dotrine of the Compafition and Refolution
of Motion, or Forces, depends.

3. Let FG (Fig. X. of Piate], fronting p. 25.) be the Se&tion
of a Plane, on which a Body impinges in the oblique Direc-
“tion AD ; then is the Force with which it ftrikes the Plane in
D, reprefented by AD, which is refolvable into the two Forces
AC and CD, of which AC heing parallel to the Plane FG,
does not affec it in the leaft; but CD being perpendicular
thereto, exprefles all the Force with which the Body A firikes
the Plane in the Direftion AD. But CD is equal to AB,
which is the Sine of the Angle of Obliquity ADB, and had
the Body A impinged perpendicularly on the Point D, its
Force had been expreflfed by ED ; but ED is equal to AD:
T'herefore the Force of a difect Stroke is to that of an obligue
one as AD to AB; thatis, as Radius to the §ine of the Angle
of Obliquity, or Incidence. .

4. Suppofe A to bea Particle of Water, Air, &c, then fince
all Surfaces are as the Squares of their like sides, it is evident
that feveral Quantities of Water, Wind, &c. which fall in va-
rious oblique Direttions on the Float-boards of a IWheel, the Rud-
der of a 8bip, the Sails of a Mill or Ship, &c. will have their fe-
veral Forces as the Squares of the Sines of their jeveral Angles o
Jncidence ; and therefore are eafily computable. See Harris's
LexoTech, under the Word Sail.  Moeze's Mechanical Powers.

5 On
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Of LicgsarT.

B. AVING thus taken a brief Survey of

the moft general and eflential Pro-
perties of Matter, let us now proceed to thofe
which are more particular, called the fpecific
or accidental Qualities of Bodies.

A. Why are they called /pecific or acciden-
tal? _

B. They are called /pecific, becaufe thereby
the feveral Kinds of Bodies have their Divi-
fion into various Species, and are what they
are, being thus differenced from one another :

Thus, Fire by Heat, Glafs by Tranfparency,
Liquors by Fluidity, Solids by their Fixity,
&c. are different from each other; and are ac-
counted particular Species of Matter.

5. On this Principle may we calculate the Ratio of the Power
and Weight fuftaining each other in Equilibrio on an Inclined
Plane. Let the Plane be AF (Fig. XI. of Plate 1, tronting p.
25.) on which the Weight W is fuftained by the Power P, the
Angle of Inclination is AFG. The Weight touching the Plane
in the Point B, thro’ the Centre E, perpendicular to the Plane,
draw ED ; and perpendicular to the Horizon FG draw BC, pa-
rallel to which draw DH ; then will BD exprefs the Force where-
by the Weight gravitates on the Plane, DH the Force whereby
it gravitates towards the Earth, and BH the Force whereby it
is attrafted by the Power P, as being parallel to AE. ButBH
is to HD (as CD is to BD) as AG is to AF ; that is, the Power
P 1s to the Weight W, as the Height of the Plane AG is to
the Length AF; or, as the Sine of the Inclination to Radius.

D4 A. But
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A. But you do not fay why they are termed
accrdental 2

B. I was juft going to tell you, they are
thus called, becaufe they are not effential to
Matter, but happen to be a Part thereof per Ac-
cidens, or by Accident; for itis purely fo, that
one Part of Matter is difpofed to be Aoz, ano-
ther cold, another dry, another /ight, another
of this Colour, and another of that *.

A. Which of thofe Qualities will you be-
gin withal ? :

B. LicuT +#; this being the moft confider-
able and wonderful of all others; and by which
all Things are made vifible and known.

A. Pray what do you call Lighs?

B. That Quality of certain Bodies, whereby
they become vifible to us, and render others
fo.

A. What is the true Caufe of Light in thofe
Bodies ? |

B. No Man can certainly tell; however,
fome affirm it to confilt in the extreme vibrat-
ing Motions of the Parts of thofe luminous

Bodies,
A. By

* What is here faid is in regard only of the Particles of mat-
ter in themfelves confidered ; for no doubt the all-wife Creator
had perfec? Defigns and Ends in View, in his Choice and Diftri-
bution of the Qualities of natural Bodies; and which we muft
therefore look upon as a great Baiis of the Doétrine of final
Caufes. ) :

t Ariffotle defines Light to be fiepyele 78 Jiudpasiis, the inter-
nal Aftion or Energy nfpellﬁnid Bodies. This favours too much
of an Hypothefis. WRE N '

Des Cartes, and his Followers, diftinguith two Kindsof Light:
(1.} Pismigenial ; which, they {ay, confilts in a cerrain Motion EF

: - ]
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A. By what Means doth Lighf come te af-
fe&t our Eyes ?

B. It is fuppofed this is owing to a very fine
@therial Matter, vaftly rarer and finer than Air,
which is the Medium by which the Rays of
thofe luminous Particles are tranfimitted or pro-
pagated to our Eyes, and illuminate them
with their Light.

A. You then fuppofe, I find, that what we
call Rays of Light are real Bodies, or Particles
of Matter, endued with the Quality of Lighs,
and not'the Quality itfelf 1 |

B. Youhitit; Idoindeed not only fuppofe
it, but 1 am fure of it.

A. Are youindeed! thenIam fure not on-
ly myfelf, but thoufands more, have been long

the Particles of a lucid Body, which agitate and propel the fub-
tile Matter in its Pores every Way, and in all Direétions.
(2). Secondary, or derivative Light ; which confifts in an Endea-
weour to Motion, or an Inclination of that fubtile Matter to recede
Jiom the Center of a lucid Body in firaight Lines. Such are the
curious Fiftions of thefe hypothetical Philofophers.

The Newtonians very juftly make Primigenial Light to con-
it in @ certain Motion of the Particles of luminous Bodies, avhich

orce out and off the faid Bodies certain exceeding and inconceiw-
ably finall Particles, awbich, awith incredible Force, are every Way
emitted in flraight Liness And derivative Light to confift notinan
Endeavour to Motion, but in a real Motion of thefe Particles emit-
ted from Bodies, as aforefaid. See Clarke’s Notes on Robault’s
Phyfics, Part 1. Chap xxviii. Neavton’sOptics. Boerbaawve’s Chy-
miltry, with Sbaw’s Notes, Page 220, &5¢. Boyple's Experiments
to make Fire and Flame ponderable. Harris’s Lexicon, under
the Word Light. Haukfbee's Experiments, and thofe of De/z-
guliers, Gravefande, &c. Derbam’s Phyfico-Theology, &e.

I Sir Ifaac Neavton computes the Force of Attraclion in the
{mall Particles of the Rays of Light to be 10coooooseococoo
Times greater than the Gravity of Bodies on the Surface of the
Earth, according to the Quantity of Matter which is in them.

' : miftaken.
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miftaken. Pray is not the Sun the Fountain
of Light originally ?

B. No: He is only the greateft Body that
emits Light in our planetary Syftem : Light it-
felf being a Quality innate to thefe Bodies
which emit it naturally.

A. But why do you fay naturally ?

B.Becaufe opague or dark Bodies,when heated
beyond a certain Degree, will emit Ligh# ; and
all Bodies, efpecially fulphureous ones, having
their Parts f{ufficiently agitated, do fhine or e-
mit Light : Whether this be by Percufiion, as
RQuickfilver, when fhaken 7z Vacuo ; or by At-
trition, as a Ca#’s Back, or Horfé's Body, &c.
rubbed in the Dark; or by Putrefaction, as
happens in #ood, Flefb, &c. when putrefied ;
or by any other Way.

A. Is the Motion of Lighs inftantaneous or
fucceflive?

B. It being found (by Obfervation) that
Light is fucceflive, or propagated in Time,
hath at length ended this long and difficult
Controverfy. |

A. By what Kind of Obfervations is this
difcovered ?

B. Aftronomical Obfervations ; the princi-
pal of which is, that of the Ec/ipfes of the
Satellites of Fupiter; for thofe Ec/ipfés, when
the Earth is between the Suz and Fupiter, hap-
pen feven or eight Minutes too foon; and
when the Earth i1s beyond the Suz, they hap-
pen as much later than they fhould by the
Tables ; the Reafon of which is, that Légé}i

at
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hath farther to go in the latter Cafe than in the
former, by the Diameter of the Earth’s annu-
al Orbit *,

- 4. Why, if this be the Cafe, you may
nearly compute the Motion of Lighs; can
you not ?

B. Yes, eafily; for fince the Diftance of the
Sun from the Earth is known to be about 81
Millions of Miles, if that Number, iz,
‘81000000, be divided by 450, the Seconds in
7+ Minutes, the Quotient will be 180000
Miles ; and fo far doth Light fly every Second
of Time.

A. Pray make this incredible Swiftnefs of
Light a little more intelligible by Example.

B. I will. It is found that a Bullet, at its
firft Difcharge from the Muzzle of a Cannon,
flies one Mile in a little above 8 Secands, and
therefore would be 32 Years in” arriving to
the Sun ; hence the Proportion of Swiftnefs in
a Cannon-Ball and Light, is as 1 to 1530000
nearly ; that is, Lighr flies one million five

* To illuftrate this important Difcovery, let ADEB be the
Earth’s Annual Orb (Fig. XIL of Plate I, fronting p. 25.) C
the Sun, I the Planet Fupiter in his Orb HK, and S a Satellite
juft entering his Shadow. Let D and E be two Situations of
the Earth in its Crb, whofe Diftance DE is equal to the Semi-
diameter of the Orb AC. Now it is plain, that if the Motion of
Light were inffantancous, the Satellite § would appear to enter
the Shadow at the fame Moment to a Spe&ator in E, as to an-
other in D ; but, by manyYears Obfervations, it has been found,
that the Immerfion of the Satellite into the Shadow is feen at D
-about 72 Minutes fooner than at E, which is 81000000 Miles
more diftant ; and confequently, as Mr. Romer firlt obferved,
the Motion of Light is thereby proved to be progreffive, and
not inflantanecus, as was formerly believed.

: hundred
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hundred and thirty thoufand Times fafter than
a Bullet at its firft Difcharge *.

A. Wonderful are the Works of God! Not
only paft finding out, but pait Belief, when
but imperfectly known! Buat, pray, what
other Properties of Light are difcovered ?

B. Light is not only found to be a Body,
but it is alfo found to confift of Rays tinctured
with all the original Colours in Nature.

A. In what Order are the Rays of Light
found to be coloured ? -

B. According to the different Degrees of
Refrangibility in the Rays : From Rays lefs re-
frangible, to thofe that aré moft {o, the Colours
appear in this Order, viz. Red, Orange, Yel-
low, Green, Blue, Indigo, {deep Violet. But
more of Colours, when we difcourfe directly
thereof by and by,

A. Pray, what other AffeCtions of Light are
oblervable ?

B. Tts Reflexibility and Refrangibility .

A. What

* See Derbam’s Phyﬁm—ThEoIGg}f, Bock 1. C&.ﬁp. 4. Note
4th and gth, ;

+ The Refexibility and Refrangibility of Light make the
Subjeéts of Caroptrics and Diopirics, which are the two great
Parts of the molt curious and delightful Science of Opiics,  See
Notes + and 1 in Page 26.

FoGQELC A T O P TR T LE

1. Cataptrics is the Science of Reffex Fifion, or that which is
performed by Rays of Light reflefted. from the polithed Sur-
faces of Mirrours of every Sort ; of which there are three very
sonfiderable, wizg

2. Plane



Of the Nature of Lizght. 61

A. What do you call the Reflexibility of
Light 2 -.
B, The

2. Plane Mirrours, or Looking-Glafles, the chief Properties
of which I have taken Notice of in the Text above, wiz. that
all Objelts are reprefented in their Jmages jult as far behind the
Mirrour as they are really before it ; :‘E:r.t they appear fitvated
on the fame Line ; and laftly, that the Images are in all Ref peéts
alike and equal to the Objet; in Magnitude,

3. Convex Mirroars, or fuch whofe Surface is Srherically round,
as MR (Fig. XI1I. of Plate I, fronting g. 25 ;) to underfland
the Nature of which, let AB be an Object, from the Extremities,
of which A and B, let two Rays BD and AD fall upon the Mir-
rour in the Points C and D 5 let PC and QD be perpendicular
to the Convex Surface in the faid Points C and D ; then make
the Angle PCE equal to the Angle BCP, and CE fhall be the
Ray BC reflefted ; in like manner, the Angle QDF being made
equal to the Angle ADQ, the Ray DF fhall be AD reflefied.
Now it is evident the Obje&t AB will be {eea by an Eye at EF
in the Direétion of the reflected Rays EC and FD ; that is, in
the Focus of the Mirrour GH, which will be the Jmage of the
Object AB. ;

4. By thefe Mirrours, (1.) a!l Objets appear dehind the
Glafs. (2.) Their Jmages are all eres2. (3.) The Images aie
all lefs than the Objec. (4.) Parallel/ Rays, or fuch as come
from Objects at a vaft Diftance, have their Focus or Image at the
Diftance of half the Radius of the Convexity. (5.) Diverging
Rays, or fuch as come from near and fmall Objeéts, are repre-
fented nearer the Glafs than half the Radius. = (5.) If the Di-
- Rtance of the Objec be equal to the Radius of Convexity, the
Image will be painted at & of the Radius behind the Glafs.
(7.) In converging Rays if the Diftance of the Objeét be lefs
than half the Radius of Convexity, the Fecus, or Place of the
Image will be before the Glafs ; otherwife always behind it
(8.) If the Object be a Right Line, the Image will be 2 Curve ;
if the Object be a Plane Superficies, it will be reprefented a
curwved one.

5. Concawe Mirrours are fuch as are fpherically hollow on the
polithed Surface, or that next the Eye. T'o underftand the Pro-

erties thereof, let AB (Fig X1V, of Plate I, tronting p. 25.)
ge an Obje&, BC and AD two Rays from the Extremities there-
of falling on the Surface of the Concave Mirrour M2 in the
Points C and D ; they will be refleéted thereby into the Rays
CiZ and DF, in the Direétion of which the Image of the Ob-

je&t will be feen. ;
6. Whenca
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B. The Difpofition of the Rays to be re-
flected, or turned back from the Surface of

any

6. Whence it is plain, (1.) that Rays falling on fuch a Mir-
rour, arc by Refletion made to converge or interfeét each
other, as here in the Point 0. (2.) The Ogjeé‘t AB will appear
inverted and diminifhed in its Image 2, in that focal Point o,
to an Eye placed farther diftant from the Glafs, at EF.
(3.) If the Eye be placed nearer the Glafs than the Focus o, the
Image of the Object AB will appear behind the Mirrour, and
very much enlarged, as GH. (4.} Diverging Rays falling on
this Mirrour, if the Diftance of the Objeét be lefs than half the
Radius of the Concavity, the Image will be behind the Glafs ;
if greater, before it. (5.) Conwverging Rays form the Image al-
avays before the Glafs. (6.) Parallel Rays are converged to a
Point at the Diftance of half the Radius before the Glafs.

7. From this laft-mentioned Property of a concave Mirrour,
it 1s eafy to underftand how they become Burning-glafes 5 for
the Rays of the Sun being parallel, as coming from a vaftly
diftant Object, all of them which fall on the Surface of the Mir-
rour are collefted into a very {mall Space or Circle, whereof
the Heat will be to that of the Rays uncollefed, as the Square
of the Widih of the Mirrour to the Square of the [Diameter of
the Circular Spot,, or as the Area of the Glafs to the Area of
the Spot. The Heat then being thus prodigioufly avgmented,
will barn violently iu that Point ; which is the Reafon why it
1s called the Focus.

I 4 Of D QP RAGS:

1. This Part of Optics confiders the Nature of Vifion by
Rays of Light refracted through different Mediums, but princi-
pally through Gla/s in thofe Forms we call Lenfes.

- 2. Of Lenfes there are five principal Sorts, wiz. (1.) A Plans-
convex, marked A, (Fig. XV, of Plate I. fronting p. 25.) which
has one plane Surface, the other a convex one. (2.) A Donble-
conwex, as B, which has both Surfaces convex. (3.) A Plano-
concawe, as C, which hath one plare, the other a concawe Sur-
face. (4.) A Double-concave, as D, which has both Surfaces
concave. (5.} A Convex concave, as E; one of whole Sides is
convex, and the other concave. 'This Lens is ufually called a
Menijcus. The Line FG is the Axis common to each of thofe
Lenf{es, as paffing through their middle or wersical Point,

3. Lec LN be a dowble-convex Lens in Fig. XVI. of PlateIll,
fronting . 62 ; or a double-concave, as Fig. XVII. of Plate III,
fronting p. 62. AV and BU the Radii of their Convexities

i e and
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any Bodies on which they fall : Thus the Ray
aB

and Concavities, which are here equal ; from any Point C in
the Axis, {uppofea RRBCD proceed diwerging, and fall on the
Surface of the Lens at D, to the Point D draw BD perpendi-
cular, then the Ray paffing through the denfer Subftance of
Glafs will be bent out of its Courfe CE towards the Perpendi-
cular DB, and {o be refrafied from D to E on the other Sur-
face ; draw the Perpendicular AG through the Point E, then
the Ray DE paffing out of Gla/s into 4ir, will be refraéted from
its fecond Courfe DH, into a thirdCourfe EI from the Perpen-
dicular EG or AE. Now itis evident from the Schemes, that
the Ray El is, by the Convex Lens, made to converge towards
the Axis, and to interfeétit in I; but in the Concave Liens, the
fame Ray E 1s made to converge from the Axis. And this
would have been the Cafe of a Plans-convex, and a Plano-con-
cave Lens, with little Variation.

4. Concerning the various Properties of all Varieties of Len-
fes, and Rays incident upon them, fee Mr. Molineaux’s Optics,
Dr. Gregory’s Elements of Catoptrics and Dioptrics, with Dr.
Brown’s Supplement thereto, and Mr. Reauning’s Compleat
Syftem of Philofophy, Part IIL.  All which may be feen con-
firmed by Experiments in Grawe/ande’s Math.Elements of Natu-
ral Philof. Vol, IT. Book III. PartII.

* What is here obferved of the Nature of Lenfes in general, is
fafficient for underﬂandi;g the Struéture and Effeéts of dioptric

Machines ; as the Microfcape, Telefcope, Camera Obfiura, and
Magic Lantern.

II. Of the MICROSCOPE.

1. Let DE be the Obje&-Glafs, and FG the Eye-Glafs of 2
Microfcope ; Fig XVIIL of Plate IIL, fmntingf;. 62 ;3 abea{mall
Objeét to be viewed by the Eye at P. Draw the dotted Line or
Axis aA through the Centre of the Lens DE, and let AD be a
Ray proceeding from the extreme Point 4 of the Object, and
incident on the outmoft Part D of the Lens; this will be refraéted
into the Direftion DA, and interfe the Axis in the focal Point
A. Inlike Manner a Ray aE, incident on the other Side E, will
be refraéted into EA, meeting the Axis in the fame Point A. So
that the whole Cone of Rays DaE will be refraéted into the Cone
DAE; and therefore the Extremity a will be reprefented at A.
In the fame Manner the Cones D4E and D¢E will, after Refrac-
tion, become DBE and DCE ; confequently, the three Points 4,

i
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4B falling on the Surface AC, in the Point B,
is

&, ¢, will be reprefented in the Image at A, B, C; and all Points
between the former will be painted fimilarly between the latter.

z. Therefore the fmall Objett abc will have its [mage formed
#n the Focus ABC ; and the Image will be in Proportion larger
than the Object, as the Diltance of the Image is greater than
the Diftance of the Objet from the Glafs DE. Alfo the Pofi-
tion of the Object will be inverted in its Image, as is evident
from the Figure.

3. The Image ABC is now to be confidered as an Objeét
viewed through the Eve-Glafs FG. Now it is to be awel aoted,
that Rays falling parallel on equally convex Lenfes are colleted
together in the Centre of Convexity ; therefore if the Ima
ﬂ]%C be placed in the Centre or Focus of the Eye-Glals FG,
all the Rays coming from it, after Refraction through the-Glafs,
will proceed parallel till they arrive at the Pupil of the Eve at
Er;rand that they fhould do thus, is neceflary to caufe diftinét
Vifion,

4. In the Pupil P, the Rays all crofs each other again, and
by the eryfalline Hamor (def) are colleéted or united in the
Focus, which is on the Retina in the Botiom of the Eye, and
there the fecond Image abe is formed in its true Pofition, like
that of the Objelt abe. Yet, notwithftanding this, the Mind
conceives the Idea of the Objeét as inverted, the Reafon of
which odd Phaenomenon 1 thall not here enquire, but proceed to
the Conftruction

IV. of TELESCOPES.

1. The firlt Telefcope I fhall confider is that called a Profpeca
tive-Glafs, (Fig. X1X. of Plate IIf, fronting p. 62.) confifting
of a Convex Objest-Glafs CD, and a Concave Eye-Glafs EF,
which is to be {o placed, that the Focus, or Centre of each Lens,
may fall on the fame Point, or coincide , then fhall parailel Rays
coming from any Obje&t AB, and refracted by CD towards EF,
by pafling through EF, be again made parallel, and confequently
fit to produce diftinét Vifion. (1.) This Glafs fhews Objeéts
erest 3 for the Rays do not crofs or inter{feét each other any
where, which alone caufes Objeéts to appear inverted. (z.) It
magnifies Objeéls in the Proportion of the face/ Diftance of the
convex Lens D, to the facal Diftance of the concave one EF.
(3.) In this Glafs no more of the Objeét is feen at one View,
than what falls on the Pupil of the Eye I; which therefore is

ncar
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is refleCted or turned back again in the Direc-
tion Bd. See Fig. IX. of Plate 1V, fronting

2. 70.
A In

near ; and large Obje&s is but a very fmall Part, and {o this
Glafs is in fu::%l Cafes but of firzle Ue.

2. A fecond Sort of Telefcope is that confifting of two Lenfes
alfo, but both convex ones, as AH and BI ( Fig. XX. of Plate
II_I, fronting p. 62.) Let K be the Focus of both Lenfes, then
will the Image of a vaftly diftant Objeét EF be there formed
and appear inverted to an Eye placed in the Axis, MG, an
where behind the Lens BL. On this Account it is feldom ufed,
unlefs to view the Heavenly Bodies, whofe Pofition is not re-
garded. This Glafs alfo magnifies Objets in Proportion of the
Focal Diftance of the Objeét-Lens QK to the Focal Diftance of
the Eye-Glafs KL. In this Telefcope, fo much of the Objeét
E ;.":Fn at one View as falls on the whole Surface of the Objeéi-

afs.

_ 3. The third Sort of Telefcope is that in common Ufe for
viewing Land-Objefts ; and confifts of one Obje@t-Glafls AH
(Fig. XX. as above) and three Eye-Glafles, all of the fame
Focus, as B, C, D. Hence it is plain thisis the fame with the
foregoing Telefcope, only with the Addition of the two Eye-
Glaifes 5 and D ; for whereas the Objeé was before inwverted
in the Focus K, by adding the Glafs C, it will be again made
erect in its Focus O, and will {o appear to an Eye I, placed
behind the third Glafs D, if the Focus both of C and D be
made to fall on the fame Point O. This Telefcope then fhews
Objeéts eref?, and is in other Refpets the fame as the laft fore-
going. See Note *, in Page 22,

4. The fourth Sort of Telefcope is that lately invented by Sir
I/aac Neavton, called the Refledting or CatadisptricTelefcope. This
confifts of a Tube ABCD,two, three, or four Feet long ( F7z. XXI.
of Plate 111, fronting p. 62.) which is open at the End towards
the Objet CD, and at the other End is placed a concave Me-
talline Mirrour, as AB, perforated through the Middle ate; ata
proper Diftance is placed another {mall concave Mirrour E (in
the Axis of the Tube) which is fupported by the Stem or Foot
F. The two Mirrours are fo difpofed, that the Focus of each
may fall on the common Point 5 between them ; then thel mage
of any Object entering the T'ube, as 4, and falling on the large
Mirrour AB in the Point 4, is from thence reflelted between
the Rays 4/ and ¢b to the Focus #, where the Rays crofling,
invert the Image, as at 7#; and this Image being now alfo in
the Focus of the Mirrour E, JaEftEr falling thercon in the Points

f: £y
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A. In what Manner or Order is this ?
B. The

S &, it will be refletted from thence back agam in parallel Raysy

which pafs through the Hole ¢ of the great Mirrour, and falling
on a Convex Lens at G, do again crofs each other in its Focus
m, and there reprefent thn: Image eres? to be viewed by an Eye
¥, thrﬂugh the Eye-Glafs H, whofe Focus is alfo in .

5. This Telefcope magnifies the Diameters of Objetts in the
Proportion of the F ocal Diffance of the Objef Mirrours to the
Focal Diffance of the Eye-Glafs, as do the.- other Telefcopes ;
but in this, by Reafon of the Refleftion of Ra}rs, an Eye- ‘lafa
with a much thorter Focys may be ufed, than in the common
ones by Refrattion ; and therefore a Reflei?ing Telefeope of fix
Feet in Lﬂngth will magmfy an Objett as mucg as a Refradtin
one 100 Feet long ; on which Account they are now in mucﬁ
Efteem, though there be many Difliculties in them alfo.

6. If the Focal Diftance 6f the Obje&-Glafs or Mirrour (in
any Telefcope) be 50 Inches, and that of the Eye-Glafs one
Inch; then will tHE Diameter of a diftant Objeét be magnified
so Times; the Surface 2500 Times; and the Solidity of the
whole Body 125000 Times.

V. Of the CAMERA OBSCURA.

t. The Camera Obfcura, or Dark Chamber, is nothing but
a Chamber, Room, or Box darkened, and a Convex Lens fixed
in a Hole made in one Side therenf,as at C( Fig: XXII. of Plate
III. fronting p. 62.) through this Lens any Dbi]e& before it
without, as AB, aTree for Inftance, will have its Image carried
throngh the Lens between the Rays AC and BC; which pro-
«ceed to the other Side of the Room (fuppofed to be at the Fm:al
Diftance of the Lens C) where they paint the Image of the
Objeét in the moft !1"-"&]}’ Colours, far lI;E}rund the Imltatlnn of
‘the beft condufled Pencil, in regard of Colouring, and with
refpelt to the Mosion of every Part moved in the Objeét ; this
1s allowed fuch an inimitable Perfeltion, as is peculiar to Na-
ture’s Painting only. Indeed the Image ab is inwerred, and is
“in Proportion to the Obje&, as its Diftance Cd from the Glafs
o thED ftance DC of the Objeét,

If the Object be placed at the Diftance of twice the Ra-
d1us of the Convexity of the Lens, the Image fhall be exaétly
as big as the Objeét. Note, I here fuppofe the Lens C to be

doubly and .r.frmf{]: convex. The only Time for making adark
Chamber, is when the Sun fhines; for unlefs the Objeéts are
ﬁmnglv enlightened, the Picture will be obfcure and little
worth, The Sty Optric Bali, with its Glafles, is molt com-

monly and cnﬂvcmfnrh nfed for thlE Purpofe.
VI. The
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Of the Refrattion of Light. .~ 6%

B. The Law of RefleGion of Light is in-
variable ; for the Angle 4Be, of the incident
Ray B, is ever cqual to the Angle ¢Bd, of the
reflected Ray Bd, and the Perpendicular B,
See Fig. IX. of Plate 1V, fronting p. 70.

A. What do you mean by the Refrangibi-
lity of Light 2 | |

B. The Difpofition of the Rays of Light to
be refracted, or broken out of their direé
Courfe, in pafling through one tran{parent
Body or Medjurm into enother : “Thus the Ray
aB, pafling through the Medium of Air to B,
and there ftriking on the Surface of Water
AC, is refra@ed or broken out of its direct
Courfe BE,into another BF, towards the Per-
pendicular BG. See Fiz. X. of Plate 1V,
fronting p. vo.

A. Doth the Refrangibility of Rays alfo ob-
ferve any ftated Law or Order ? |

B. Yes: for the Line HI, of the Angle of
Incident CBH, is always in the fame Propor-
tion to the Line MK =IK, of the Angle of Re-

V. The MAGIC LANTHORN.

After all that has been faid in this Note, it is ealy, from a bare
Infpection ﬂFngn XXIIL. of Plare 111, fronting p. 62, to under-
fland the Realon of the Effects of a Masir Lantborn. Let,
ABDE be a Seftion thereof, C a Candle Fﬁaced therein, F a
large Convex or Hemifpheric Lens, which ftrongly illuminates
the inverted Piftures in the Plate GH ; the Lioht coming from'
any one of thele, as ab, is, in pafling throu %1 the Lens LM,
made to fpread and diverge very much, an confequently to
paint a very large Image AB on the Wall, or any Thing in the
Focus of thofe Rays. If this Image be a Ghoft, the Dewil, &c.
it appears very terrible and f; urprifing to the Spe&tdtors who are
unacquainted with the Nature of dioptric Machines,

E 2 fra&ion
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fration GBF ; as 4 to 3 in Wafer; and as
17 to 11 in Glafs. See Fig. X. of Plate 1V,
fronting p. 70 *. _

A. What may we learn by this Do&rine of
the Refle&tion of Light 2

B. The Reafon why Objets appear juft as
far behind any Plane Speculum, or Looking-
Glafs, as they really are before it, and the fame
Way : Thus, {uppofe AC the Section of a Look-
ing-Glafs, it is plain any Object placed before it
at @, as the Arrow, will appear juft {o far behind
the G/afs AB as E, and direted to the fame

* The Proof of this Experiment is eafy, and may be as fol-
Tows. Let ABD be 2 Semicircle (Fig XXIV. of Plate 111,
fronting p. 62.) large and duly graduated ; C the Centre thereof,
before which is to be placed a Prifm of Glafs, reprefented by
rs, the upper Plane or Side of which pr muijt be fixed paral-
{el to the Horizon, or to AD, Suppofe the Angle of the Prifm
psr be 6o Degrees, then will the Angle psz be 30. Let Ir be
a Ray incident on the Prifm in the Point 2; if thisIncidence be
fuch, that the Ray entering the Medium of Glafs be refrated
into the Direétion af;, parallel to the Horizon- AD, it fhall
emerge out of the Glafs into the Air in_the Dire&ion CR,
making the Angle RCD equal to the Angle ICA. Now in
order to find this Angle, draw through a the Line /4 perpen-
dicular to the Side of the Prifm pr, and alfo g parallel to the
Horizon-AD, then fhall the Anglc bad be the Angle .of Re-
frattion’in the Prifm as required, which is known, as being
equal to the Angle ps#, or 30 Degrees; therefore, if the Ratio
of the Sine of Incidence be to r_ﬁat of Refration as 17 to 11,
out of Airinto Glafs, it will be, as 11 to 17, {fo is the Sine
of bad=30° to the Sine of Incidence Jab=¢50" 45, nearly 3
from which takeé gab—j0, there will remain gal equal to.
ICA=20° 45"; and fince any Objeft at I unri::r the Angle
20° 45 does aftually appear to an Eye at R under the fame
Angle, it proves the Truth of the faid Ratio. And this al-
ways will be the Cafe, be the Angle of the Prifm what it will..
If the Figure prs were an hollow Glafs Prifm, this filled
with various Sorts of pellucid Liquors, would exaélly thew the
different refraflive Powers of thofe Liquors. Alfo, a Piece of
Locking-Glafs placed horizontally at C, fhews, that the Angle
af Incidence JCA is equal to the Angle of Reflettion RCD.

Point
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Point in the G/a/i B: For all Obje@s appear
in that Ray Ed, that meets the Eye in d, be it
any how refle@ed or refracted. See Hirs %,
of Plate IV, fronting . 7o.

<. And are our Eyes thus deceived by the
Refraction of Light 2

B. Beyond your Imagination, I believe.

4. Aye, indeed! Pray oblige me with an.
Example how, and in what Refpects?

B. I will; and that by a very vulgar Expe-
siment : Suppofe AGHB be a Veffel, whofe
Length GH is 56 Inches; let any Objedt, as a
Halt-Crown, be placed exactly in the Middle
thereof at F; then let the Vefiel be filled with
Water to the Height CD, 24 Inches; let FP
be a Ray of Light pafling from the Object IF
to P, but there meecting with the Air, is re-
fratted towards N, and becomes PN. Now
it is evident, an Eye placed in N cannot, by any
Means, fee the Obje@ F (for the Sight is inter<
rupted by the Side of the ¢/ at ¢) before the
Water is poured into the Veflel ; after it is
poured in, the Eye at N will indeed fee the
Object F, yet not in its true Place at F, but in
another, diftant 152 Inches, at E; alfo to an
Eye placed perpendicylar over the Objet F,
1t will appear to be in Q, and the whole Bot-
tom of the Veffe/ will feem elevated to 1K, the
Height of FO, 11 Inches. Seec Fig. XI. of
Plate IV, fronting 2- 70.

A. Well, it is very wonderful, as well as
diverting and improving, to fee and confider
of thefe Things : I could not, indeed, have
thought that Things placed {o far out of Sight

1 E 3 could
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could thus be made vifible ; and that we fhould
behold them in Places fo far diftant and diffe-
rent from the true ; It is well we have Reafon
to guide us, for I perceive our moit exquifite
Senfes are fallible, and often deceived.

B. Itis true, our Senfes are liable to Decep-
tion, and it is well for us in many Cafes they
are s for as 1 go on, I'fhall often fhew you the
Advantages which accrue to us thereby, and
from the Caufes thereof particularly the Re-
flection and Refraction of Light.

A. How came Bodies firft of all to be en-
dued with this wonderful Property of Light ¢

B. By the omnipotent Fzar of the great
Creator; he faid "W, Effo Lux, let there
be Light, and immediately there was Light ;
and the ftupendous Body of the Sun was cre-
ated, as it were, a Repofitory or Store-Houfe
thercof, whence it was to be diftributed to e~
very Part of the Planetary Syftesn, in order to

make the Whole vifible, and ufeful to the va~

rious Inhabitants therecf,

A. Can you give any Account of the Small-
nefs of the Particles of Lighs 2

B. Yes: Itis computed, that in a Second of
a Minute, there flies out of a burning Candle
the following Number of Particles of Light,
418660000000000000000COCCOOCO0CO00000CO000CCT,
which 1s 10 000 000 coe, or ten millions
of millions Times a bigger Number than
1000000C0000000000C00000000000000 3
the Number of the Grains of Sand computed
to be contained in the whole Earth *,

* BSee the Calculation in Nieawentyr’s Relig. Philofopher,

o
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QoA Rie: N,

Of the Corours of Licur, and na-
| tural Bobiks.

A. OW, if you pleafe, Sir, let us turn
our Difcourfe to the Phenomena of

Colour : And firft, be pleafed to define what
Colour 1is.
- B. Colour 1s that which arifeth from a cer-
tain Quality of Bodies, whereby they are dif-
pofed lo to modify and reflect the Light fall-
ing on them, and ftriking on the Organ of
Sight, as thereby to occafion or produce the
Senfation of Colour in our Minds : And that
Senfation in us is alfo called Golowr.

A. Whence is the Original of Colours?

B. All the Colouring in the Univerle proceeds
originally from the Rays of Light ; for in them
are contained all the primary, original, and

ablolutely pure and unmixed Colours *.
' A. Which

*® Des Cartes pretended, that Colours refulted from the Rela,
tion of the dire and circularMotion of Etherial Globules; if the
Dirett be flower than the other, Red is produced ; if more rapid,
Violet 5 and the others between thefe Extremes accordingly.

Dr. Hooke {uppofed they confifted in the Obliquity ofthEgPulfés
of the Ethereal Matter. Malbranche made them the Effed of Vi-
brations of Light, more or lefs quick. Regnawlt has a particular
Hypothefis on this Head in his Pbil. Converfations, Vol. 1L
Page 391, remarkable for nothing but Novelty, and the Pre-
fumption of the Author, The great Barrow imagined that Co-

| (91 T | lours
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A. Which, and how many, are thofe pri- i

mary and original Colours ?

B. Thofe which follow : 1. Red, 2. Orange,
3. Yellow, 4. Green, 5. Blue, 6. Indigo, 7. Vio-
lef 0

A. How are thofe Colours difcerned and
diftinguifhed in the Rays of Light 2

B. By Means of the different Degrees of its

Refrangibility ; for thofe Rays which are leaft
refrangible, are tin¢tured with Red, and paint
that Colour on Bodies; and thofe which are
molt refrangible, are Violet and Purple, and
paint Bodies therewith ; and the intermediate
Degrees of refrangible Rays are dyed with the
intermediate Colours, in'the Order before men«
tioned *,

A. By what Experiment do you prove this
Doéirine ?

B. By this eafy one following: In a Cham-
ber made dark, make an oblong Hole in the
Window=-Shutter at F, about £ of an-Inch in
Breadth, through which will enter the Sun
Beam FH ; and a large Prifm ABC, placed at
about 20 Feet from the Hole, will refra& the
Rays of this Beam; after which they will a-
gain unite, and become a white Beam at H,

that Colours confifted in a conftipated and rare Light, But Sir
Ifaac Neavtor has fhewn the Frrors of Hypotheles about Co-
lours ; and proves the Truth of his own new Doétrine by un-
deniable Experiments. .

* Light is fuppofed to be more or lels reflexible or refrangible,
as the Particles thereof are of a leffer or greater Magnitude ;
the Particles of Red Light being the greateft, and thﬂEz of Fio-
fet the leaft, of all others ; thefe, therefore, excite the leaft,
and thofe the largeft Vibrations in the Optic Nerwe, which ocs
cafion different Senfations, : -

where

il
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where let be applied an opaque Body GHI, at
the Diftanceof two orthree Feet from the Pri{m,
in which let there be an oblong Hole made at
H, s or <o of an Inch in Breadth, through
which the white Part of the Beam being tran{-
mitted, and made to fall on a Piece of white
Paper placed after, will there paint the primi-
‘tive original Colours of Light ; {uppofe Red at #,
Yellow at s, Green at ry, Blue at g, and Violet
at P. Fig, XIL of Plate VIII, frontingp. 120.

A. Very good; and what is the Confe-
quence of all this ?

B. Why then, with a Piece of Wire R (or
any opaque Thing about v of an Inch thick)
you may, byintercepting the Rays at &, /, m, n,
0, take away any one of the Coloursata, s, r, g,
or P,whilft the other Colours remain as before,

A. What do we learn by this Experiment ?

B. Firft, That the Rays of Light paint na-
tural Bodies with different Colours.  Secondly,
That the leaft refrangible Rays, as #, paint
Red ; and the moft refrangible ones,as P, paint
the deepeft V2olet Purple; and that other inter-
mediate refrangible Rays paint the other inter-
mediate Colours. Thirdly, That thofe Diffe-
rences of Colourare abfolutely and really exift-
ing in the Rays of Light, and do not arile
from the different Confines of Shadow, vari-
oufly modifying the Light, as has hitherto
been the Opinion of Philofophers.

A. 1 think it feems from hence, as if you
would infinuate, that Colours are not connate
with Bodies, or naturally in them, but painted
on them by the Rays of Light ¢ I

- ' Bt
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B. It is very true; Colours only are in the
Rays of Light, not in Bodies ; and all Bodies
are of the fame Hue in the Dark, and appear
difterently coloured only by, and in the Lighr.

A. Strange Dodtrine this! I am apt to think
you’ll perfuade very few, that Colours are notin
Bodies, when they conftantly fee all around
theni tinged with fuch an agreeable Variety.

~ B. If they will not be convinced by Reafon
and Experience, they muft remain ignorant,
and ftill poffefs their Prejudices and Errors.

A. But, according to this Notion of Colours,
how comes it to pafs, that fome Bodies are all
of one Colour, fome all of another, and fome
of fo many different Colours ¢

B. This is eafily conceived; for the Matter
of fome Bodies univerfally refleéts one Sort of
Rays more copioudly than another ; and ac-
cording to the Refrangibility of thofe Rays are
the Bodies coloured: Thus Minium refleés the
leaft refrangible Rays moft copioufly, and
thence appears Red : Violets refleét the moft re-
frangible Rays, and thence have their Colour;
and fo of their intermediate Degrees : Again,
the Matter of fome Bodies is fuch, as refleéts
different refrangible Rays ; and therefore is in
various Parts of various Colours *,

A, Pray,

* The Colours of natural Bodies are of two Sorts. (1) Va-
riable, which change and differ according to the Situation of the
Eye, asin §ilks, Satius, and the Tails of Peacocks, &c. (z2)
Permanent, which are always the fame, and never vary. To
underftand the Reafon of both which, it is neceflary to premife

the followine Things,
PR Firft,
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A. Pray, Sir, what can be the Meaning,
that #hite and Black are not reckoned among
the primary Colours of Light?

B. Becaufe

Firft, That Rays of Light, by Means of a thin tranfparent
Plate of fir, Water, or Glafs, &c. are {eparated from one ano-
ther ; and according to the different Thicknefs of the Plate, the
Rays of fome Colours are tranfmitted, and thofe of others are
reflected. _ .

Secondly, Such avery thin Plate is of a different Colour when
feen by the tranfiitted Rays, from that which it is tinged with
when {een by refleted Rays.

Thirdly, To prove this, the ufual Experiment is to take a
Plano-convex Glafs (whofe convex Surface is the Segment of a
very large Sphere) as A (Fig. XXV, of Plate V, fronting
#- 75.) lay this with its convex Surface on a plain Piece of Glais
B, and comprefling them together, there will appear, in the
Point where they touch, a dark central Spot, and about it va-
rious coloured Circles, as reprefented within CD.

Fourthly, The Glaflesthus compreffed being placed under a
Microfcope, the Colours of the fgvergl Circles may be clearly
and largely viewed, and the Breadth of each, as alio the Dif-
tances of thofe Circles, may be accurately meafured (by a Mi-
crometer fitted to a Microfcope) to the 100o0th Part of an Inch,

Fifibly, To find the Thicknefs of the Plate of Air between
the Glailes at the Periphery of any coloured Ring, fay—As the
Diameter of the Glafs’s Convexity is to the Semidiameter of any
Ring, fo is that Semidiameter to the Thicknefs of the Plate of
Air at its Periphery. Suppofe the Diameter of the Sphere, the
Glafs was ground to, was 12 Feet, or 144 Inches, and the
Semidiameter of the Circle . of anInch; then 144: ,%::5%:

—5z» therefore the Thicknefs of the Plate where that Circle
35 formed.is +5%oo Part of an Inch.

Sixthly, The Colours of the Circles feen by the refielted
Light, are much more vivid and diftin&, than thofe feen by
tranfmitted Light, which are faint and more dilute.

Sewentbly, The Rings made by RefleGtion are difterently co-
loured from thofe made by the Tran{miflion of Light; White,
in the latter Cafe, will be oppofed te Black in the former ; Red
to Blue, Yelloaw to Fiolet, and Green to 2 Compound of Red and
Green. -

Eightbly, The more obliquely the Rings are viewed in either
Cafe, the larger they appear by much ; nor do they follow the
fimple Proportion of rhe Obliquity of the View ; but as this
increafes, the Circles fwell and dilate themfelves much more.
Nintbly,
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B. Becaule White is fo far from being a
pure, fimple, original Colour, that, on the con-
trary,

Ninthly, The farther the Circles are from the Center, the
lefler and fainter their Colours appear ; the fifth, orfixth, is
the laft which appears diftinét ; though I have obferved a faint
Skim of Circles to the Number of 11 or 12 in the light Air.

Tenthly, Water applied to the EEIFES of the Glafs, is attraéted
* between them, and filling all the Interflice, is made to confti-
tute as thin a Plate of Water, as before there was of Air.

Eiewenthly, 'The Water approaching the coloured Circles in
the Plate of Air, does in a great Meafure deftroy the Brightnefs
of the Colours, leffen the Number of the Rings, and contratts
their Peripheries in the Proportion of 7 to 8, nearly.

Tavelftbly, Bubbles blown up in Soap Water exhibit the like
Appearance of coloured Rings, brighter towards the Top
WE-EI'E the Bubble is thinner ; but towards the Bottom, where
the Water running down makes the Bubble thicker, the Rin
and Colours gradually become more faint and obfcure, till at
laft they quite difappear.

T hirteentbly, Thin Plates of Mufeowy Glafs fhew Rings of
Colours alfo, butif they are wetted with Water, the CoT-::aurs
become more faint and languid, though they vary not in their
S Ci‘ﬁﬁi : .

Pf"‘uzcr.r:mr.é{p, Light incident on thin Plates of Air, Water, or
Glafs, is difpofed, according to the different Thickneffes there-
of, to be either tranfmitted or refle@ed ; where the Thick-
neffes are asthe Numbers 1, 3, 5,7, 9, &% the Rays are dif-
pofed to be refledted, and tranfmitted at the ThicknefTes expref-
fed by the Numbers o, 2, 4, 6, 8, 10, £ And this Aétion or
Difpofition of Rays, in its Propagation, intermitting and re-
turning by equal Intervals (as here fpecified) for innumerable
Vicifiitudes,occafioned Sir [faac Neavton to fay—they were then
in Fits of eafy Reflection, or in Fits of eafy Q{ﬁ#fm{ﬁm. :

Thefe Oblervations afford the following Conclufions con-
cerning the Colonrs of natural Bodies.

1. The Particles of all Bodies confift of very thin Plates, or
Laminz of Matter, in themfelves clear and pellucid ; this in
fome Meafure is evident, by viewing the Particles of dry Earth,
or Sand, with a Microfcope.

2. Thefe very thin Plates do reflet or tranfmit Light inci-
dent upon them, and thereby become coloured,

-3« I'he Colours of Plates depend on their Thicknefs and
Denlity, and not on the encompafling Medium. :

4. The
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trary, itis a Mixture of all thofe feven original
Colours together; or a Compofition of Colours,
even all the Colours in Nature: And, on the
other Hand, B/ack is properly no Colour at all,
being only the Hue of thofe Bodies whofe
Subftance abforbeth all the Rays of Light, and
therefore, by refle¢ting none, cannot, of Con-
fequence, be coloured at all,

A. Then thofe Bodies which appear #hite,
T apprehend, are fo by refleGting promifcuoufly
all the Rays of Light which fall on them * ¢

B. Yes, they are fo. I have one Thing
more very curious on this Head of Colurs to
relate to you, and then, if you pleafe, we will
make a T'ranfition to another Subject.

4. The thinner the Plate, the more vivid the Colours.

5. The more the Thicknefs of a Plate is increafed, the
more Colours it reflects, and different ones.

6. The Colour of fome Plates will vary, by changing the
Pofition of the Eye, while others remain always the fame.

2. The thickeit Plates reflet the red Rays, and the thinnelt
the Violet-coloured anes.

8. The denfer the Medium encompafling the Plates, or
which fills the Pores of Bodies, the more obfcare and darker
are the Colours.

. All Bodies appear of fuch a Colour, as arifes from the
Mixture of reflefted Rays.

10. The more fimple and vivid the Colours, the lefferand
more denfe are the conftituent Particles or Plates of natural
Bodies.

For a larger Account of thefe Things, fee Sir Jjaac Neaw-
ton’s Optics, Book II. Grawve/ande’s Elements, Vol. II. Book 3.
Chap. 22, 23. Worfler’s Prin. of Nat. Philofophy, Page 239
to 25z. Harris’s Lex. under the Word Colour.

* “Thus Sir Jaac proved by feveral Experiments (befides
bare Reafoning) in mixing coloured Lights, and coloured
Powders, in proper Proportions ; for the Compofition wasof
as perfect a Whitenefs as any in Nature: As may be feen at
large in his Optics, Boek 1. Pare. L. Prop. 5.

A. Pray,
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4. Pray, whatis that? I long to know,
being ravifhed with thefe natural Curiofities.
B. It is this : Sir Ifaac Newton, by Expe-
riments, hath found that the Colours ¢f Light,
with Refpeét to their Quantity, were in ﬁm-
portion to the feven mufical Notes, or Intervals
of Sound, contained in an Oé&ave, viz. Sol, la,
Ja, Sol, la, mi, fa, Sol. Fig. XIIl. of Plate

VIII, fronting p. 120. '
4. A Difcovery indeed ! fure the happieft
Man that ever lived for Experiment. What !
mufical Harmony in Colours !

~ B. Yes, he difcovered it thus: He canfeda
Sun Beam -to be largely refracted on the Side
of a dark Chamber, which produced the Spec-
trum of Colours, reprefented by ABCDEF ;
in which he caufed an Affiftant exactly to mark
the Confines of each Colour, by drawing paral-
lel Lines betwixt each, as am, i, ck, &¢. and
Thus the Spaces V, I, B, G, Y, O, R repre-
fent the Quantity of the refpective Colours,
viz. Vilet, Indigo, Blue, Green, Yellow, O-
range, and Red: And upon a nice Exami-
nation, he found the parallel Sides of the Spec-
trum AT and CD to be divided in the Points
a, b, ¢, d, &c. juft in the Proportion as a mu-
fical Chord is divided for the Concords of an
O&ave, viz. as the Intervals of thele Numbers,

b i e ey 5. 7 o 9 1 ¥
- Ti b, i -.",‘-:- TI -5-1 Tl k. Ty -

.z‘f.. This

. * See Sir Ifaad’s Optics, Book I. Part. 1T, Prop. 3. where
you have not only the Original of this excellent Difcovery, but
alfo a Method deduced from thence to determine of the Sines
of Refrattion proper to each of thofe Colours. For when the
Sine of Incidence was 5o, he found the Sine of Refration for the

lealt
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A. This would induce one to think there
were fome Kind of Relation between Mu/ic
and Colours; fince it hence appears, that in
Nature, the pleafing Notes of the one, and
the Quantities of the other, are in the fame
Proportion, and both defigned to delight and
pleafe Mankind, and footh the Cares of Life.

B. One Thing more I muft remind you of,
and that is this: Some Perfons tell us, Cofours
are tangible Qualities, and may be diftinguifh-
ed by Feeling, and give an Inftance of one that
could and did do it : But thisis certainly im-
poflible tc do naturally; and therefore if any
one ever did do 1t, he mult have a miraculous

Gift of Feeling *.

leaft refangible, or reddeft Rays, was 773 and for thofe which
were moft fo, or deepeft Violet, was 74 ; and for the interme-
diate Colours he found

CRed - 77, 10 77%
| Dralngr: [ 77§ 80 77%

! Yellow } o A ]

Sj;he r'{ Green J Rays extended from 4 775 to 774
esob | py o . 7ir 0 77%
Indigo 77310 77%

L Violet J Lot o 76,

* Mr, Derbam, in his Phyfico-Theology (Page 144) afferts,
that Colours may be diftinguithed by the Touch, or Sen/z of Feel-
ing ; and to confirm this, relates a Story (from Grimald. e
Lum, & Col. Pr. 43, § 59.) of one at the Court of the Duke of
Tufcary, who on a Piece of Silk uniformly woven, and tinped
with many Colours, being offered to him, did truly, by that
Senfe only, judge of the Colours of every Part.——DButfince
Colours are but Qualities, and no material Eflences, [cannot be
induced to believe this extraordinary Perfon could difcern Co-
Iours merely as fuch by Feeling, but rather from fome fmall
Differences in the Surface of Silks and other Bodies tinged
with various Colours, and occafioned thereby; which is a
Thing that notonly he, but many, who deal in dyed Commo-
dities, have been able te d2 alfo. :

¢ H AP,
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CH AP VIIL
of Sound.

B.. ET us next entertain ourfelves with a

Confideration of the Nature and Pro-
perty of Sound; for this is no barren Part of
Nature, nor a ufelefs Speculation, the Curious
know.

A, Come on then, Sir: If you are not ti~
red, I never fhall with thefe noble Difquifiti-
ons and Enquiries ; and pray tell me, firft,
wherein Sound doth confilt 2

B. Sound is the undulatory or wave-like
Motion of the Air, arifing from the tremulous
Motion of the Parts of any Body, occafioned
by a Stroke; and thofe Undulations or Pulfes
of the Air beating on the Tympanum, or Drum
of our Ears, convey, by the Nerves, this Sen-
fation to our Minds *,

How doth it happen that one and the fame
Sound may be heard by fo many at once, and
in different Places ?

* Let AB bea String frained and fixed at the Ends A and B;
and then let 1t be drawn out of its nataral Pofition AB 1nto an-
other ACB ; if then it be letgo, it will by its Elafticity not only
fly back again to its firlt Pofition AB, but in ancther ADB,

which is {o far abuw: AB, as ACB was below it ; after this; it -

will return again almoft to C, and then return almoft to D ; and
thefe Courfes and Recour/es ufthﬁ String growmgluﬂﬂr and leﬁ'&r
above and below AB, itwill at laft fettle into its ficlt and natural
Pofition, and be again at reft. And this is what is called the
Pibration of a Chord or String drawn tight, and ftruck,asin mu-
fical Inftruments. See Fig. XXV, of Plate V, fronting . 75.

» | B. Becaule

Cillares o .o
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B. Becaufe the Vibrations and Tremors of
the Air, excited by the Percuffion of any Bo-
dy, are propagated in concentric Spheres all
around the faid Body (which is their common
Centre) to very great Diftances; and therefore
let a Perfon be any how, or any where fituated
within the Verge of thefe Motions, he will
cqually hear the Sound, at equal Diftancesfrom
the Body whence it comes: See Fig. XIV. of
Plate VIII, fronting p. 120, where DD re-
prefents a Drum, and D, 1, 2, T 2y el
the circular Pulfes of the Air, made by and
conveying the Sound of the Beats to our Ears*,

4. How is it to be proved, that Airis thus
the Medium of Sound ?

B. By the Experiment of a Bell in the Re-
cewver in an Aer-Puump, which, before the Air

* As there is a manifeft Agreement between Light and
Sound in many Particulars, fo it is moft of all confiderable in
Refiection from hard Bodies. For as Light is rendered more
intenfely bright and hot, by being reflected from the concave
Surfaces of Mirrours to a certain Point (wiz. the Focus ) where
the Rays are crouded into a leffer Space;; fo Sound being vtter-
ed within alongand narrow Space, as that of the Stentoroplhomic
‘Tube, or Speaking Trumpet, is continually reflected, and re-
verberated fEcm the curved Sides into the Axis, whereby it ba-
comes more intenfe and flrong at its Exit, is confequently
much louder, and may be heard much farther, than it could
be otherwife. ;

‘Thus alfo, if a fmall Sound or Whifper be uttered at one
Side of a large Dome, or concave Hemifphere, (as at the
Whifpering Gallery in St. Paul’s ) fuppofe at the Point A,
(Fig XXV.of Plate V, fronting p. 75) then fhall all the

Sound ftriking againft the whole gcmifplswric Concave be re-
fleted to the Points B, B, B, &c. and from thence to
C, C, C, &e. and, after feveral fuch Rede&ions, will all be
united in the oppofite P; where the Sound will be much more
ftrong, loud, and audible, than at any other Pointin the whele
Dome or Concave. See Clare’s Motion of F luids, Page 341,

i 15
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is exhaufted, may be heard to a confiderable
Diftance; but when exhaufted, can ﬁ:arcely
be heard at the neareft Diftance*.

A. What Velocity of Motion hath Sound?

B. Very great, but not near {o great as that
of Light: Mr. Derbam has found by Experi-
ment, that the mean Ve/ocizy of Sounds is at the
Rate of 1142 Feet in one Second of Time,
or 2 Mile in 4> Seconds; and therefore would
take up 17. Years in paffing from the Earth
to the Sun, which is near double the Velocity
of a Bullet, at its fir(t Difcharge from the
Cannon .

* This Experiment fhews alfo, that Sounds are augmented
ordiminifhed proportionally as the Airis condenfed or rarefied.
Thusitis known Sounds are weakeron the Tops of high Moun-
tains, where the Airis more rare, than in low Vallies, where
it is more condenfed by the Weight of the {uperincumbent At-
mofphere. See Varen. Geog. Gen. lib. I. cap: 19. Prop. ult.

o [ Sir [fzaac Newton [ 9687
en | The Hon. Mr. Fr. Roberts 1300
& | Mr. Beyle : 1200
=8 Dr. Walker 1338 }FEEt in a Se-
% Merfennus : 5 1474 { condofTime,
«¢ | The Florentine Academy 1148
4 | The French Royal Academy Li72
\ Flamftead, Halley, Derbam L1142

But the Reader may depend on the laft, wiz. 1142, as very
juft fora mean Rate of Velocity.

Several %c-nd Ufes may be made of the Knowledge of the
Velocity of Sound. Thus by it we can eafily meafure the Di-
ftance of the Clouds producing Thunder and Lightning ; forfup-
pofe from the Moment we obferve the Flath to the Moment
we hear the Stroke of Thunder, we number four Seconds, then
it is plain the Sound has come four Times 1142, i.e. 4568
Feet, or fomewhat above ; of a Miles and fo far diftant is the
Cloud. In like Manner the Diftance of Ships on the Sea, {Jc.
15 known by Firing of Guns.

A. Can

o TR R
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4. Can you certainly tell how far Sounds
may be heard ? |

B. Indeed this is a Matter not altogether
certain; but there are Reports of Sounds (as
the Explofions of great Guns, &¢ ) which
have been heard to the Diftance of 180 or
200 Miles *,

4. Doth not the Wind greatly obftruct the
Motion of Sound?

B. No, not {fo much as one would imagine
tho’ there is fome fmall Difference in the Fe-
locity of Sound, with or again{t the Wind; but
Sound is greatly augmented or diminithed by
the Strength or Weaknefs of the Wind.

A. Is there any Difference in the Motion
of great or fmall Sounds 2

B. Mr. Derbam fays, none at all ; whether
they be loud or languid, of Beils, Guns, &,
great or {mall, or any other fonorous Body.

4. How do you eftimate the Greatnefs or
Intenfity of Sound 2 |

* Mr. Clare fays, a Gentleman of great Veracity, who had
lived fome Years at Gibraltar, affirmed to him, that he has at
Old Gibraltar heard the Watch-word of the Night (viz. 4./¢
well) given by the Centinel to the Patroll on the Ramparts of
Neaw Gibraltar,in a fill ferene Night, and the Water perfeétly
fmooth, and that as plain and diflinély, he thought, as he
dhould have done had he been on the Rampart himfelf. The
Bay between the two Places he judged to be about three Spaniflh
Leagues over, orabove 10 Miles and a half, Motion of Fluids,
Page 343, 344. Derbam’s Phyfico-Theol. Book 4. Chap. 3.

ote 27, where he tells us from Dr. Hearn, that Guns fired at
Stockbolmin 1685 were heard 180 Englifh Miles; and in the
Dutch War, 1672, the Guns were heard above 200 Miles. See
alfo his carious Experiments on Scund, in the Phil. Tranf
attions, No. 300; and Harris’s Lex. under the Word Sound.

F 2 B. That,
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B. That, Sir, is alwaysas the Space pafied
through by the Particles of undulating
Air, in their paflive Motion backward and
forward *.

A. What farther have you to obferve con-

cerning the Motion of Sounds 2 .

B. They fly equal Spaces in equal Times,
and nothing but the Wind can accelerate or
retard them ; not the Differences of Day or
Night, Summer or Winter, Heat or Cold,
W eather cloudy or clear, the Air heavy orlight,
&e.
 A. Pray, Sir, tell me the Reafon why, after
the Szroke, the Sound of fome Bodies, as Bells,
the Strings of mufical Inftruments, &e. con-
tinues folong, but weaker and weaker ?

B. The Sound of Bodies endures in Propor-
tion to the Number of Vibrations made there=
in by the Stroke, each Vibration producing a
Wave in the Air, and each Wave repeating the
Sound; but ftill more and more faint, as the
Vibrations are lefs and lefs, til they entirely
ceafe : This is eafy to be obferved by the Ear
in Bells, and by the Eye in a String under
Tenfion.

A. There is one Thing more I had almoft
forgot to enquire the Reafon of, tho' I guefs

« Tna warm and rarefied Air, whofe Elafficity is therefore

fmall, the Strength or Intenfity of Sounds is not near fo con- -

fiderable as in a cold and denfer Air, when the Elaflicity
thereof is much greater.

The Velocity of Sound is 52 Times greater than that of a
brifk Wind, or Current of gir; and (as Mr. Hales aflerteth)
it is to that of undulating Water as 865 to 1. g

how

i e
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how it muft be; but I beg your Thoughts of
it, Sir; is itan Echo ? '
B. This, Sir, is no more than the Repeti-
tion of Sound, made by a Refle@ion or Reper-
cuffion of a Wave of Sound, from the Surface
of very hard and fmooth Obftacles, as Walls,

&e. whence flying back, it re-falutes our
Ears with the fame Sound *.

A. This

* 1. The Angles of Incidence and Refletion are equal, as
well in the Cale of Sound as Light ; and therefore itis eafy to
underftand where the Ecko will be heard moft diftinély, when
the Figure of the reflecting Surface and Situation of the Speaker
1s known. i B :

2. Thus let AB be the plane Side of a Tower (Fig. XX VIII.
of Plate V, fronting p. 75.) GH the Declivity of a Hill before
it ; let a Perfon utter a ‘fﬂim at D, and fappofing EC per-
pendicular to the Plane AB, and the An lelP)CE equal to the
Angle ECF, the Echo of that Voice will be heard at F.

3. The Diftance of the Object returning, the Echs of one
Syllable muft be 24 Paces, oran 120 Feet; and for the Ecle
of two Syllables 28 Paces, or 240 Feet, and {6 on in a direét
Proportion ; fo that an Objeét returning the Echs of 10 Sylla-
bles muft be diftant 240 Paces, or 12co Feet.

4- The famous Echoin Woodjlock Park, near Oxford, returned
17 Syllables in the Day, when the Wind was a little ftirring,
and zoin the Night; for then the Air being denfer, the,Vi-
brations became {lower, and {o a Repetition of more Syllables
were audible ; as Dr., Plot relates in his Nat. Hiffory of Ox-
Sfordbire.

5. Dr. Harris fays thereis a much finer Ec¢ho from the North
Side of Shipley Church in Suffex, which in the Night would
repeat diflinéily thefe z1 Syllables:

Os Homini fublime dedit Carlumgue tueri
Fulfit, & eredos—— :

See his Lex. Tech. under the Word Ecbho.

Note, (1.) That the Obje&t AB, which reflefts the Sound, is
called the Phonocamptic Objedt ; and the Point C, on which the
Sound impinges, is called the Phonocamptic Centre; from the
Greek Word @ain a Voice or Sound, andxdpmsra, to bend or
inflect,

¥ 3 ' Note,
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A. This is juft as I apprehended it to be:
But pray, Sir, whence arifeth the great Varie=
ty in the Note or Tone of Sounds 2

B. The Notes and Tones of Sound arife
from the peculiar Nature of the fonorous Bo-
dy, the Manner and Degree of Percuflion,
and the different Make and Configuration of
the Organ or Inftrument of Sound; all thefe
contribute to make that wonderful Variety
and Difference in the Tunes, Notes, or Tones

of Sound *,
A. Why

Note, (2.) That asthe Science of Vifion is called Optice, fo
the Science of Sound or Hearing is called either Acoufics, from
¢xgw, to hear; or Phouics, from @asn, a Voice or Sound. Alfo
Catacoufiics is that Part which treatsof reffesfed Sounds, Echo’s,
e, and Diacouflics, the other Part which explains the Nature
of refralted Sounds; and laftly, thofe Infiruments which are
ufed to affit orimprove the Senfe of Hearing, are called Ofacou-

'\.

Sics, from &, &7, an Ear, and «'xdw, to hear.

* I'fhall here obferve a few Things concerning Sound con-
fidered as the Subject of the excellent Science of Mufe.

1. Sounds, as they arc more infenfe or remifs, are {aid to be
Joud and low, or frong and <weak, which depends on the Nature
of the fonorous Body, its Figure, the Force of Percufion, &c.

2. The fame loud or o Sound hath divers Degrees of Note
or Tone, which are in the Extremes called Aeutenefs and Grawi-
zyof the Sound ; inthe lower Degrees, the Note or Tone s grave,
St or bz 5 in the higher, it is acute, fharp or bigh,

3 The Degrees of deutenc/s and Grawvity make all the dif-
ferent and diftinguithable Tores or Tunes of a Voice or Sound ;
which are the compenent Parts of Harnsony.

4. Sound is again diftinguithed into long and fbort, which
relates to the Duration or Continuance thereof,

5. Farther, Sounds are Simple or Compound : A Simple Sound
15 the Produét of one Foice, or individual Body, as that of one
Wire or Word. A Compound Sound confifts of feveral fimple
ones, all united in the fame Meafure of Time, or ftriking the
Ear all together: As the various Notes firuck at the fame Time
on different Inftruments in a Concert, '

6. Laftly,
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A. Why is it that fome Notes, called Con-
cords, are agreeable to the Ear, and others «ve
call Difcords, difagree thereto ?

B. We

6. Lattly, Sounds are either fuooth and ewven, or reugh and
harfb ; alfo clear and diffinct, or boarfe and obtufe. To produce
a fmooth, even, and clear Sound, the Body muit be homogene-
ous in its Parts, and of an uniform Figure throughout ; other-
wife, rough, obtufe, and grating Sounds will enfue. The for-
mer of thefe are only concerned in Mufic, and are therefore
called barmonic, or mufical Sounds.

7. As Soundsare produced by the Pibrations of the Parts of
Bodies, and Striugs or Chords are the moft fimple and proper
Subjeéts to examine thefe Mattersin; foithas been found that
the following Articles, ref] pe&inﬂg Chords and their Fibrations,
are founded in Nature, and confirmed by repeated Experience.

8. The Forces requifite to draw any Chord or String ACB
out of its Place (Fig. XXIX. of Plate V, fronting p. 75.) to the
Diftance of ce, ¢f; cg are direGtly proportional to the Spaces,
or Lines, ez, ¢, cg.

g. TheVibrations, therefore, of the fame Chord are all per-
formed in equal Spaces of Time; that is, the Chord will re-
turn from the Situation AgB as foon as from AeB to ACB, be-
coufe the Force at g is as much greater than the Force at ¢, by
which it returns, as Cgis greater than Ce. ,

10. If Chords differ only in Tenfion, the Times of their Vi-
brations are inverfely as the Square Roots of the Weights
which firetch them ; that is, if the Weights are as 4 to g, the
Times will beas 3 to z.

v1. The Number of Vibrationsin the/ame Time, are direitly
as the Square Roots of the Weights ; that is, as 2 to 3, in the
preceding Cafe. :

12. The Number of Vibrations made in the fame Time by
two Chords differing in Thicknefs, are as the Diameters of
their Bafes inverfely.

13. If Chords differonly in Lengsh, the Times of their Vi-
brations are direcly proporticnal to_their Lengths ; and the
Number of Vibrations in the fame Time are inverfely as the
Lengths.

14. Hence Chords of different Tenfions, Diameters, and
Lengths, may be fo adjulted, by compounding the foregoing
Ratios,that the Times of their Vibrations fhall be in anygiven
Proportion ; which is of great Ufe in ftringing lnfiruments, as
the Spinet, Harpfichord, &c.
. F 4 15. As
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B. We may fay, they are fo from the A~
grevment or Difagreement of the different

Motions

15. As the Ture of 2 Note or Sound is conftituted by the
Meafure and Propoition of Vibration, in refpect of their Ve-
lacity, the quicker Vibrations making the acuter Tone, and the
flower the grawver one ; fo it follows, the Tune of any String’s
Note will be acvter or grawer, in Proportion as it is fmaller or
greater, fForterov bonger, tighter or flacker.

16. 'Two or more Notes or Sounds being made together, are
called a Confonance; if the Sounds are of the fame Tune, they
are called Unijonance 3 it of different Degrees of Tune, &, e. of
Acuzenefs or Grawvity, but yet make an Effe&t agreeable to the
Yar, they are called Concordance ; otherwife Diffonance.

17. A Concord, therefore, is the A greement between two
Sounds or Notes of different Times, either in Confenance or
fﬁmgﬁm of Sound; fuch as is pleafing and delightful to the
- Ear,

¥8. As the Vibrations of Chords are the Canfe of Soundsin
general, {o the Coiucidences of the Vibrations of Chords are the
RKealon and Ground of Cancordance : If there be two Chords,
A; B, whofe Lengths are as 4 to 3, then it is plain (by the 13th
hereof}) that while the Chord A makes three Vibrations, the
Chord B will make 43 dnd therefore fappofing them to begin
together, there will be conftantly at every three Vibrations in
A, and four in B, a Coincidence of Vibration ; that is, they

will then vibrate together, and begin each Period of Vibration

fo long as they continue in Motion. This makes them
concord with each other, and produce an agreeable Sound.
19. 'The more frequent thefe Coincidences are, the mare a-
recable is the Confonance ; and therefore Unifon is the firft
egree of Concord, becaufe there the Vibrations begin and end
tooether: this is exprefled by the Ratio of one to one, wiz. 1:1.
Next to this the Ratio of 1:2is the moft agreeable and perfect
Concord, and then z: - 5 after which, the Concordance becomes
lefs perfect and pleafant in the Ratios 1 4y 4354 5.2 6y be-
yond which the Confonanee is infufferable ; for in thefe the
Coincidences of Vibrations become lefs frequent.
zo. Befides thefe Ratiosof Concord found in the naturalOrder
of Numbers, 1:2:3:4:5: 6, there are fome ‘others, wiz.
3:5,and 5: 2, which the Ear adjudgeth Concords, tho’ in
a lower Degree. And hence, it is plain, there is fomewhat be-
fides the Frequency of the Coincidences of Vibrations, that
gualifies the Ratio for Concordance or pleafing Sound ; for elfe

4:7s
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Motions in the Air producing them; but a
Perfon

417, or §:7, both Diflcords, would be preferable to5: 8,2
Concord contrary to Experience.

21. If one certain String be ftruck, in order to compare the
Sounds of others with its own, it is called the Fundamental ;
and its Note is called the Key or Key Note. A Table of all
the Concords between the Ratio of Unifon 1: 1, and the Oc-
tave 2: 1, exprefling the Lengths, Vibrations, Coincidences,
Names, and Perfeftions thereof, youhave here fubjoined.

Length l Fibrat.\Coin. 1 Names. i Ferfeétion.

e e — | — — 4 —— l

1:1] 1:1}| 1 |100/1000 Unifon. ‘Moft Perfect. ]
6:5|¢6:6| 5 |120/ 833 Third Lefler. |Imperfedl.
5:4! 45| 4 [125] BooThird Greater. Imperfedt.
4431334 3 [133] 750 Fourth. Imperfed.
3:2|2: 3} z [150] 666 Fifth. ‘Perfeét.
8:6|5:8] 5 [160| 625Sixth Leffer. |Impf:rfe&.
5:313:5]| 3 [|167] 6oo|Sixth Greater. Imperfeft.
2:1)1:2| 1 [200] 500]O&ave, [Perfect.

22. This Table wants but little Explanation ; take an Fx-
ample ofthe 5th ; the Length of the Chords founding this
Concord muft be as 3 to z; their Vibrations then performed in
the fame Time, will beas 2 to 3 ; the Coincidence of thefe
Vibrations will be atevery 2d Vibration of the Fundamental;
the Chord, which isa gth, makes 150 Vibrations, while the
Fundamental makes 105. The fame Chord is 666 of fuch
equal Parts as the Fundamental contains 10co. It is called 2
Fifth, as being the 5th Note from the Key inclufive; and is
a perfect Concord.

23. To dividea Right Line fo as to exhibit the feven Con-
cords, is very eafy; forlet AB be the given Line, (Fig. XXX.
on Plate V, fronting p. 75.) divide it into two equal Parts in
C; and divide CB 1nto two equal Parts in D ; and laitly, di-
vide CB into two equal Partsin E.

AC to AB) (1 : 2, An Ottave,
AC to AD z 39, A Nifch
AD to AB 3 : 4, A Fourth.
Thenis { AC to AE % as < 4 : 5, AThird Greater.
5
3
5

AE to AD : 6, AThird Lefler.
EB to AE : 5, A Sixth Greater.
" LAE to ABJ L5 : 8, A Sixth Lefler.
z4. Of
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Perfon 1s little the wifer for that: I therefore
- refolve

24. Ofthefe feven Concords, three of them are fimple, the
reft compound. The fimple Concords are §5: 6, a third lefs,
4 : 5, athird greater, and 3: 4, a fourth; for thefe cannot
be parted intc any other Concords, by putting any mean Num-
ber (whether drithmetical or Harmenical) between the Terms
of the Ratios.

25. But the other four Concords are compofed of the fimple
ones, as is plain by interpofing an Arithmetical or Harmonical
Mear, or both, between the Terms of the Ratios of thefe Con-
cords, asin the following Table.

With drithmetical Means.,

"A Fifth, orz: 3, contains4:g : 6, ajd greater and 3dlefs,
ASixth,G.or 3: 5, contains 3: 4: 5, a 4th and 3d greater.”
An Oltave, or 1: 2, contains 2: 3: 4, 2 5th and 4th,

Fith Harmonical Means.

A Fifth, =z:3,containsto: 12:15,a 3d lefler and jdgreater,
A Sixth, G. 3 : 5, contains 12 : 15: 20, a 3d greater and 4th.
AnQOftave, 1:2,contains 3: 4: &,a 4th and sth,

Alfo between the Terms ug a Sixth leffer, 5: 8, you put the
Mean 6, it refolvesitinto 5:6:8, a 3d lefler and 4th.

26. If between the Extremes of the OFzve 6: 12, we put
an Arithmetical Mean g, it refolves it into 6: g: 12, a s5th
and 4th, If you putan Harmonical Mean 8, it refolves it
into6: 8: 12, a 4th and gth. Ifboth the Means are interpofed,
the Series will be Geometrical, wiz. 6:8:9: 12. Thus it
appears, that a 4th and sth are the two Concords that the QOc-
tave is immediately reﬁ:-lsvable: into. ,

27. The Relations of a 3d, 4th, sth, 6th, an O&ave, to
the Furdamental, are called Primary Relations, and are Concords
therewith, as we have feen: But the Relations of Concords to
each other, are called Mufical Relations, and thefe ought to be
all concord, to make or ftand together in Harmony. Thus the
3d greater, gth and Ottave, make perfe® Harmony; for the
sthis to the 3d greater, as ¢ : 6, a 3d lefler; the O&tave to the
3d greater, as §: 8, a Sixth leffer; the O&tave to the gth, as

: 4, a Fourth. Butthe 4th, gth, and Oéave, cannot make

armony, becaufe the Ratio of the 5th to the 4thisas8: g,
which is a Difcord.

28, Har-

o o
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refolve it into the Will, Power, and Goodnefs
of

28. Harmony 1s 2 compound Sound, confiting of three or
more {imple Concords in Confonance, and therefore all D;r
cords, in the primary Relations efpecially, and alfo in the muzugl
Relations of the acute Terms of the Ratios, are abfolutely for-
bidden, ‘Though it is true, Difcords are ufed in Muje, yet
their Ufe is only to make the Concords appear more agreeable
by the Oppofition.

29. The Interwals of Concords are termed barmonious ; the
Interaals of Diftords are of two Sorts 3 the firlt are called Cos-
einnous Interwals, becaufe they are fit for Mufic in Combination
with thofe of the Concords, being in themfelves neitheragreeable
norvery difagreeable. They arife from the Differences of the
Concords. Thus the Differencebetween a 4th and a sth, wiz.
2and 2, is 3, or 8:9; this conflitutes the Note which is
called the Second greater from the Fundamental, and the Diffe-
rence between a 3d greater and 4th, is 15 : 16, and this makes
the Second lefir, which is the very next the Fundamental,

30. The Ratio 8 : g is called a greater Tome or Interval,
©: 10 a Jgffir Tome, and 15 : 16 a Semitone, or rather, an In-
terval greater than half, and lefs than a whole Tone. Now if
from a leffir Tone 9 : 10 (the Difference of a 3d leffer and 4th)
© you take an O&ave 1 : 2, there will remain the Ratio ¢: g,
which is the Note above the 6th oreater, wiz, the Sewenth leffers
and the Sewenth greater is the Difference between the Semitone
15: 16 and the O&tave 1: 2, wix. the Ratio 8: 15, And
thus you haveall the Intervals both Harmonious and Concinnous
which conflitute the Notes in prefent Ufe; the reft are all ine
concinnous, which produce very harfh Notes, or grofs Dif-
cords, too bad to be ufed in Muafic.

31. The Firlt or Fundamental Note of any Tune or Song, is
called the Key, as being that to which all the Notes in the
Melody of that Song are referred, and by which they are go-
verned and regulated. In thisKey the Melody generally bes
gms, and always clofes. The Key is diftinguifhed into two

inds, wiz. the Flarand Sharp Key.

32. The Flat Kep is that which hath always the zd greater,
ad lefler, 4th, gth, 6th lefler, 7th leffer, and O&ave ; the Ska
Key has the 2d greater, 3d greater, 4th, 5th, 6th greater, 7t
greater, and O&ave, Whence it is plain, that the 4ir or Tone
of the Melody in the Flat Key is a balf Note lower than it is in
the Sharp Key ; and is therefore more fuited to, and generally
ufed in tir.t melancholy and mournfil, than ériff and airy Tuanes,
which the other Key is adapted to, being half a Note higher.

33. Thefe
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of the great Creator, who, doubtlefs, defigned

the pleafing Harmony and Melody of Sounds
to

. Thefe fewen natural Notes are generally reprefented by the
feven letters, A, B, C, D, E, F, G, in a fingle O&ave. If the
Key be Sharp, the 3d, 6th, and 7th above have this Mark (*)
affixed to the Charalers of thefe Notes to denote it; as thus,
if A bethe Key, A, B, C*,D, E, F*, G*; or if the Key be
Flat, they have this Mark (), as A, B, C, D, E, F, GP".

34. This Divifion of the Oétave 1s moft natural, and becaufe
it contains three greater Tones, two lefler Tones,and two Semitones,
is called the DIATONIC SCALE of Mufic, but more vulgar-
1y the GAMUT, from the Name of the loweit Note therein.

35. The Gamur contains threeParts, called Clifzs, the Bafe,
the Tenor, and the Treble Clifis, as veprefented in Fig. XXXI.
of Plaze V, fronting ¢. 75 ; each Part fingly contains five Lines,
..on which, and in the Spaces between them, are wrote the
Charaéters of the Notes. The Marks of the Clifts, and Names
of each Part, you there fec exprefled. Partof the Tenoris com-
mon to the Bafe below, and the Treble above.

36. Muficians, in writing Mufic, ufe various Charaéters to
exprefs Notes of different Length of Time,as Brewe, Semibreve,
&c. any one of which contains two of the next below, in com-
enon Time ; but in what is called Triple Time, a Semibreve con-
tains 1+ Minum, 3 Crotchets, 6 Quavers, &e. See Fig. XXXII,
of Plate V; fronting p. 75. :

37. I have thought it expedient to illuftrate the foregoing

Rudiments of the Theory of Mulic, by an Example of anOttave

in the Bafe Clift of a Spiuet (Fig. XXXIII. of Plate VI, front-
ing . 9z.) where you ob{erve a Scale divided into an 100 equal
Parts; oppofite to which are placed the Strings which found
the 12 Notes or Semitones of the Oéave; at the lower End,
are the Keys of the feven natural Notes, marked with the Let-
ters C,D, B, F, G, A, B, C, between which are the other Keys
of the Semitones. The Key Note is C, with refpect to which
the Strings of the other Keys are proportioned in Length, as
they are 2d, 3d, 4th, &e. to it. On each String are Numbers,
fhewing how many equal Parts of the Scale it contains; and
others which fiew the Ratio of its Length to that of the Key
or Scale. From the Ends of the Strings go dotted Lines to the
Notes of a Tune wrote in the Gamat, in their proper Lines and
Spaces. On the left of the Scale of equal Parts is the Diartonic
Scale, thewing, both in the Flat and Sharp Kﬁy:, the Inter-
vals of the Tones and Semitones,and their Order in each.

38. Thus
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to fweeten and heighten the Pleafures of hu-
man Life, and to alleviate and difpel its
Cares ¥.

28. Thus much fhall here fuffice for a fhort Sketch of the
T heary of Mufic; they who would fee more, may read Dr. Ho/-
der’s Grounds of Harmony ; Salmon’s Theory of Mufic, in
Philof. Tranf. No. 302 ; Malcolm’s excellent Treatife of Mufic ;
Fackfon’s Jarge Scheme of Mufic; and Harris’s Lex. Tech.
under the Word Mu/fic; befides various others.

* Among all the wonderful Effe@ts afcribed to the Power of
Mafic, none is more furprifing and important than that of
curing the venomous Bite of the Jtalian Spider, called the
Tarantula. The Partbitten is foon affefted with a very acute
Pain, and a few Hours after with a Nambne/s; vpon which
enfues a profound Sadnefs, and a diflicult Refpiration; the
Pulfe grows weak, the Sightis difturbed, and the Perlon lofes
Knowledge, Senfe, and Motion. T'he Doctor 1s conlulted in
vain; the Mufician here alone performs the Cure; he tries a
Variety of Airs, and when he cﬁances to hit en that Harmony
that accords with the Patient, he begins to move by Degrees,
and keeps Time with his Fingers, Arms, Legs, and Body ;
then he raifes himfelf up and dances, increafing in Strength and
A&ivity. This dancing Fit continues fix Hours, or a Day, or
fometimes two Days. When the Mulic ceafes, the Perfon
gives over dancing, and is put to Bed. This Procefsis re-
peated till the Patient has recovered himfelf, which is by little
and little ;and every fick Perfon has a particular Air or Tune,
and always a very fprightly one. See Philofophical Conver-
fation, Pol. II. Conw. 15. Alfo Derbam’s Phyfico-Theology,
Boor IV, Chap, I, Malcelm’s Mufic, Chap. XIV, § 3. &c.

CHAP.
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g E I el
Of Gravity and Leviry: Of Ar-

TRACTION and EBELECTRICITY.

A. HAT is meant by the Gravity of
: Y Bodies ?

B. That Property, Power, or Force, where-
by all Bodies tend downwards, in right Lines,
to the Centre of the Earth.

A. Is not this what is called the Weight of
Bodies ?

B. No; for the Weight is properly the Ef-
fect of Gravity, cr the Meafure or Quality of
this Power acting on them. '

A. How do you diftinguith the Kinds of
this Property?

B. Into abfolute and {pecific Gravizy.

«4. What is abfolute Gravity ?

B. All that Power whereby a Body tends
towards the Centre of the Earth.

. And how doth fpecific Gravity differ
therefrom ?

B. The fpecific, or relative Gm':.-'z}fy, 1s that
which is peculiar and appropriate to any di-
ftint Species of Bodies, and diftinguitheth
them from others, when compared with
them.

A. What is the Meafure of Gravity in
Bodies ?

| B. Their
4
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B. Their Quantity of Matter; for their
Weight or Gravity 1s always proportional
thereto.

A. Pray whatdo you call that Point towards
which Bodies naturally tend ¢

. B. The Centre of Gravity, which is very
near the Centre of our Earth, for all Bedies
within 1ts Verge or Power : And thus the Cen-
tre of Gravity of thePlanets is faid to be near
to the Centre of the Sun, about which there-
fore they all circulate *.

A. In what Manner doth this Power of
Gravity a&t on Bodies ?

B. Equally and abfolutely onall alike, with-
out regard to their Figure, Size, or Quantity
of Matter. |

A. If {o, one would think all Bodies would
defcend with equal Velocity or Swiftnefs.

- B. So they would in Reality, were it not
for the Refiftance of the Air.

* The common Centre of Gravity of two Bodies is a Point
fo fituated in a right Lione joining their Centres, that their
Diftances from it on each Side are reciprocally as the Quanti-
ties of Matter in the faid Bodies.

Example. Let A be a Body of 12 th, and B another of 4 1 5
jointheir Centres by the Line AB; then fay,as A4+B: A:: AB
: BC, thatis, Asthe Sum of the two Bodies 16 16 is to the

reater 12 15, fo 1s the whole Diftance AB to the D:ftance
%C‘. which gives the Point C, the common Centre of Gravity
between them. If a third Body D of 6 15 be added, to find
the common Centre of all the three Bodies A, B, and C ; fay,
as A+B+D: D:: CD: CE, which gives E, the common Cen-
tre of all their Gravitation. In this Manner vou find the com-
mon Centre of Gravity for any Number or Syftem of Planets.

For the Common Centre of Gravity of Lines, Superfices,and
Solids, {ee 7 allifs Mechanics, and other Writers on the me-
chanical and experimental Philofophy, particularly Dr. De/z-
guliers’s Courle, Vol, I Let, ift and 2d, :

*4. This
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A. This is a ftrange Affertion ! Pray how
do you proveit ? '

B. By the Adir-Pump ; for put the lighteft
Feather and a Guinea together in the Re-
ceiver, holding them faft at the Top till the
Air be exhaufted, then letting them go, you
will perceive them defcend to the Bottom in
the fame Moment of Time, and with incredi=-
ble Swiftnefs.

1. This is indeed wverv curious and won=

derful, and almoft pﬁ{i Belief, that the light-
et Bodies fhould defcend as foon as the hea-
vieft ® !

B. Yes, they will sz ¢acuo indeed ; but in
the relifting Medium of the Air, Bodies gra-
vitate towards their common Centre, and one
another, according to their different Quantity
of Matter contained in them, as I faid before,

A. What, Sir, do you fay that Bodies gra-
vitate towards one another ?

B. Yes, they do: The Moon pravitates to

the Eartb, and fo does the Earth to the Moow;

~* This may feem wonderful at firft Thought, butthe Wonder
will foon ceafe, if weonly confider, that each equal Particle of
Matter is ated upon by an equal Force of Gravity, and that
therefore cvery {uch Particle in one Body muft needs defcend
with the fame Velocity thatevery fuch Particle does in another.
Ccm{?:quentij,', if the Matter of the Feather confift of ten Par-
ticles, and that of the Guinea #en Theafand, it is plain, that
fince there is 1000 Timesmore Particles inthe latter Cafe to be
moved than in the former, there will be required a thoufand
Times greater Force of Attraction to move the Guinea, than
to move the Feather, with the fame Velocity ; but this s all
the Force that can poflibly affe& the Guinea ; the Velocity of
Motion therefore in both Cafes muft be the fame; it is the
Quantity of Motion only in the Guinea, which is 1000
Times greater than that of the Feather,

the
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the Satellites of fupiter and Saturn to them ;
and Fupiter and Safurn gravitate to the Sa-
tellites ; yea, the Eart/ gravitates or moves
towards the Sfore that i.;lileth as ‘well as
the Sfome gravitates or moves towards the
Earth.

A. Aye, indeed, why then, if the Earth
moves towards all Bodies falling on it, how is
it that we can never perceive it ?

B. By Reafon of the vaft Difproportion of
Matter in each; for fuppofe a Stone 100
folid Feet in Magnitude, let fall from a
Height equal to our Chichefler Spire, viz. 300
Feet; then becaufe the Globe contains about
300000000000000000000000 folid Feet, and
{fuppofe the Earth every where to be of the
fame Denfity with common Stones, then the
Quantity of Matter in the Earth will be to the
Quantity of Matter in the aforefaid Stone of
100 Feet, as 300000000000000000000 tO 1 ;
and therefore, while the Stone falls 300 Feet,
the Earth will move towards the Stone the
SR (Pl e L art.of a Poot;
which is fo very fmall a Matttzr as to be not
only imperceptible to‘the Senfes, but incon-
ceivable by the Imagination.

A. Very fmall indeed. Bat, Si#, now we
are upon the Defcent of heavy Bodies, pray at
what Rate of Velocity doth a Body defcend
to any given Diftance downright ?

B. The perpendicular Dcﬁ:ent of Bodies,
is at the Rate of 15 Feet in one Second of a
Minute ; and for all the following Seconds,

G the
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the Spaces are as the Squares of the Szconds :
Thus, fuppofe a Body keeps falling 1, 2, 3, 4»
&c. Seconds, the Squares of thefe Times will
be 1, 4, 9, 16, &e. and the Spaces pafled
through at the End of each will be 15, 60,
144, 240, &¢. and the exa&t Number of Feet
pafled through in each fingle Second will be as
the odd Numbers, 1, 3, 5, 7, &c. thatis,
15, 45,75, 105, &e¢. Feet; all which is dif-
tinétly and naturally feen in the Line AB, Fig.
XV. of Plate VIII, fronting p. 140 *. on
« I

# 1. Ifthen a Body were projeted or thrown from the Point A
in the horizontal Diftance AB, it would, in an unrefifting Me-
dium, and without Gravity, proceed with an uniform Motion }
and, in equal Times, defcribe equal Spaces AC, CE, EG, GB,
&7c.  But, fince all Bodies have Gravity, the fame Body A
would with its Gravity alone, in the fame equal Times aforefaid,
defcend through the Space A, g, ¢z, gh, &c. Draw CD, equal
and parallel to Ac, and (D the fameto AC ; then, becaufe the
Body A is urged with two Forces, one in AC, the other in Ac,
it will be carried in a Direftion berween both, and at the End
of the firt Moment will be found in D, the oppofite Angle of
the Parallelogram AcDC (according to Note * in Page 54.)
Thus in two {fuch Moments, while it would have defcribed
twice the horizontal Space AE, or four Times the Perpendi-
cular Space Ae¢, by fingle Forces, it would by Compeofition
of thofe be foundin F. And fo after three fuch Moments it
will arrive to H ; after four to K, &fc. Now fince Ac, Ae, Ag,
Ab are as the Numbers 1, 4,9, 16, they are as the Squares of
the Lines ¢D, ¢F, gH, K. Butthis is the common Property
of the Parabola, as all Writers on Conicsdemonfirate. There-
fore all Prejedtiles, or Bodies thrown in any Direétion, defcribe
the Curve of a Parabola in their Defcent.

2. On this Principle depends the Ar¢ of Gunnery; let AN
be a Cannon (Fig. XXXVI. of Plate V11, fronting p. gg) ele-
vated above the horizontal Level AM, inthe Angle BAM; a
Bomb difcharged from the Muzzle A will leave the reftili-
neal Direftion AB, and defcribe the parabolic Curve AIM.
AM is the Amplitude of the Projection, or horizontal Random
of the Bomb; [, I, is the Height thereof. MNow a fkilful En-
gineer knowing the Diftance ufgan Objeét, as the Spire §, can fo

PTD"
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A. In what Manner or Proportion does the

Weight of Bodies increafe or decreafe, with
refpect

roportion the Charge of Powder, and the Elevation of the
iﬂurtﬂr, that the projetted Bomb M fhall deferibe fuch a Para-
bola AIX, as fhall pafs through the propofed Objeé S, which
therefore muft be hit by the Bomb in its Courfe through that
Curve.

3. Since a Body falling freely, defcends with a Motion equal-
ly accelerated in equal Times, as proved by Experiments, and
evident to Reafon ; and alfo fince the Motion of a Body defcend- -
ing upon an inclined Plane is of the fame Kind, as the Mathe-
maticians prove (fee Keill's Introd. Pag. 207) the Forces by
which two Bodies, A, B, defcend, one of which falls freely, the.
other B runs down an inclined Plane, if they begin to move in
the fame Moment, are always toone anotherin the fame Ratio,
asin the Beginning of the Fall, which Ratio is as the Length
of the Plane AE to its Height AD (Fig. XXXVIL. of Plate V]I,
froniing p. 99.) See the laft Article of Note *, in Page 54.

4. The £ffects of thofe Forces, therefore, thatis, the Spaces
pajfed through by thefe Bodies in the fame Time, zre in the fame
Ratio of the Length of the-Plane to its Height. On the Height
of the Plane AD defcribe a Semicircle ACD, this will cut the .
Plane in C; join CD; then, fince the Angle at C is a right
one, the Triangles AED and ADC are fimilar, and fo the Ra-
tio of the Side AD to AC is the fame as of the Side AE to
AD. Confequently, while the Body A defeends freely to D,
the Body will defcend on the inclined Plane to C,

. In the fame Manner it is thewn, with refpeét to any other
_inclined Plane AFD, that while a Body A falls freely from the

- perpendicular Height AD, the Body B let go at thefame Tiine,
will arrive on the inclined Plane to the Point G. But AD is
- the Diameter of a Circle, and AC, AG, two Chords in the
fame; therefore a Body falls through the Diameter, or any Chord
of a Circle, in the jame Time. ,

6. Let AB be a String with a Weight B at the End, hang-
ing freely from the Point C, (Fig. XXXVIL of Plass Vil,
fronting p. gg) this is called a Pendudum. Let the Weight B be
brought to the Point D, and there let go, it will by its own
Gravity defcend to its firtt Place B, and then with the Velocity

“acquired in thac Defcent will afcend to E, fo that BE will be
equal to BD ; and this Motion or Swing of the Body from D
to E is called a Fibration. '

7- The Bv or Ball of any Pendulum, vibrating freely, de-
Aeribes the Arch of a Circle, as DRE, whofe Diameter AB is
- twice the Length of the Pendulum CB, If the Arches BD, BE,
. G z ars
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refped to their Diftance from the Centre of
Gravity? | | |
: B. The

are very fmall, they do not fenfibly differ from the Chords 2D,
BE ; there the Defcent of a Body through a fmall Areb, and
through its Chord, is performed in the game Time, as far as
Senfe can difcern. But the Defcent of Bodies in any Chord
1s in the fame Time, and therefore all Vibrations of the fame
Pendulum, though unequal, are performed in the fame Time.

8. The Velocities acquired in the lowelt Point B, by a Body
defcribing different Arches DB, KB, are as the Subtenfes or
Chords of thofe Arches. See Keill’s Introd, Leét, 15. Theor.
375 and 43. :

g. The Times of the Vibrations of two Peadulums, CB and

¢b, (Fig. XXX VIIIL and XXXIX. of Plate VII, fronting p.99)
arein the fubduplicate Ratio (i.e. as the Square Roots) of their
Lengths, for the Body defeends from D to B, in the fame Time
it would fall freely through the Diameter of the Circle; 7. e.
twice the Length of the Pesdulum ; therefore it performs one
Vibration from D to Ein the fame Time that it would fall by
the Force of Gravity through four Times its Length €CB. Thus
alfo the Pendulum cb vibrates from & to ¢ in the fame Time it
would fall freely through four Times its Length ¢é. But Spaces
pafled through in this Cafe, are as the Squares of the Times,
and therefore the Times are as the Square Roots of the Spaces.
Confequently, the Time of a Vibration through DE, is to'the
Time of a Vibration through 4, as the Square Root of four
Times CB to the Square Root of four Times ¢, or as the
Square Rootof CB to the Square Root of ¢4,
10, It has been found that a Pendulum, which fhall vibrate
Seconds of Time in our Latitnde, muft be 393 Inches in
Length; if then it be required to find the Length of a Pendulum,
that fhall vibrate balf’ Seconds 3 fay, as the Square of 1 (which
1s 1) is to the Square of 3 (whichis §) fo is 39.% to g;% Inch-
es, the Length of the Peadulum required. Thus the Length to
-vibrate 'Thirds of Seconds will be found 44%% Inches; and
the Length to vibrate quarter Seconds will be 2445 Inches.

1. From hence it appears, that a Pendulum is an univerfal
Chronometer, and that by it a Perfon may meafure Time very
truly when deftitute of a Clock or Watch. For hang up any
String with a Bob to it, and let it vibrate ; then having num-
bered the Vibrations performed in the Time propofed, fay, as
397% 1s to the Length of the String, fo is 1 to a Number,
. whofe Square Root is the Time of one Vibration made by the
Pendulum, which multiply by the Number of Vibrations, and
you have the whole Time required. So that you divide the

Length
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B. The Weight of Bodies is reciprocally as
the Squares of the Diftances from the Centre
of Gravity.

A. 1 thould be glad if you could exemplify
this to my Apprehenfion,

B. That I can eafily. Suppofe ZPNS the
Globe of our Earth, and its Centre C, the
Centre of Gravity; let there be a Body placed
on its Surface at Z, whofe Weight let be 3600
Pounds ; then if this Body be removed to the
Diftance CF, two Semi-diameters of the Earth,
you have its Weight there by this Analogy,

Length of the Pendulum by the conftant Number 3f9T=E, and
t_akc the Square Root of the Quotient for the Time of a Vibra-
tion.

12. Let AB (Fig. XL. of Plate VII, fronting p. gg9) repre-
fent an uniform Bar of Iron, orany other Thing ; let this be
made to vibrate; and with it hang up a common Pendulum
CD that fhall vibrate in the fame Time withit; the Length of
fuch a Pendulum CD will ever be found equal to AG, which is
7 of AB. This Point G is therefore called the Centre of Ofril-
fation ; and has the fame Effet, as if all the Weight of the Bar
was colleted into it : Confequently, if that Point of the Bar
be made to firike an Objed, the Blow will be greater than
from any other Point; for which Reafon it is alfo called the
Centre of Percuffion,

13. Itis faid, that Ricciolus was the firft who meafured Time
with a Pendulum, and that herein he was followed about the
fame Time by Fendelinus, Mercennus, Kircherus, &c. fome of
whom declared they knew nothing of Riccislus’s Attempt. But
the firft who applied it to a Movement, a Clpck, or arch, was
the famous Mr. Chriffopher Hugens, who brought it alfo to a
good Degree of Perfettion. See Lex. Tech. Magnum, under the
Word Pendufam ; and moft mechanical Writers on this Subjeét.
As to what farther copcerns the Doctrine of Projeciiles, 1 thall
leave that to the Chapter of Hydroffatics, in the laft Part of this
Book. And fora compleat Theory of the faid Doétrine, I refer
the Reader to Kei/l’s Introduétion to Natural Philofophy ; and
for the Praxis thereof, or its Application to the Art of Gun-
nery, he may confult the Young Trigonometer’s Guide, Vol. L.
Part IL. Chap. V, ' '

G3 4: 3
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4:1::3600:900. If thefaid Body were re-
moved three Semi-diameters to E, the fams
Analogy finds its Weight there, viz. g:1::
3600 : 400. And at the Diftance of fix Semi-
diameters, the Weight thereof will be but 100
Pounds; for36: 1 :: 3600: 100. Thus, at
the Diftance of 1, 2, 3, 4, 5, 6 Semi-diame-
ters from the Centre of the Earth, the Dimi-
nution of the Weight of fuch a Body would be
as thefe Numbers, 3600, goo, 400, 225, 143,
100. Thus, on the contrary, he who beareth
100 Pounds Weight on the Earth’s Surface,
would, with equal Eafe, fuftain the Weight
of 3600 Pounds, at the Diftance of 6. Dia-
meters, as at A, See Fig. XVI. on Plate VIII,
fronting p. 120.

A. After fo much of the Gravity of Bo-
dies, let me know what the Philofophers fay
of the Levity of Bodies ?

B. Thereis no fuch Thing, philofophically
ipeaking, as abfolute Levety or Lightnefs; this
1s only a comparative Term, and implies no
more, than the Difference of the Weight of
Bodies compared together, or their fpecific
Grawvity. :

A. Pray, what Diftin&ion do you make
between Gravity and Attratiion?

B. In the Nature of the Thing there is no
Diffcrence, they are both one and the fame
Principle, only in the Manner of confidering
it this Diftiné&ion arifeth ; if we refpect it in
the Body, containing the Centre of Gravizy,
we call this Power, in that Body, Astraétion;
but we call it Gravify in Bodies which are

AN moved



Of Attraction. 103

moved toward that Centre, or Body, wherein
itis : Thus the Earth is faid to attra& Bodies
on it, or falling on it; and thofe Bodies are
faid to gravitate towards the Earth; fo the
Loadftone attracts Steel, and the Steel gravitates
to it *.

A Is

* ArTracTioN is, by the Modern Philsfophers, confidered .
twofold, wiz. (1.) Attraftion of Grawiration, whereby one Body~
affefts another ata Diftance, and caufes it to grawitase towards
itfelf; whichis what I have above confidered ; and concerning
which the Reader may fee abundance in Lex. Tech. Mag. under
this Word. (2.) Attra&tion of Cobefion which we find only
ameng the very {mall Particles of Matter in Bodies, and of
which I fhall here enumerate the chief Properties,

1. This Force is then greateft when the Particles are in Con-
tat, or touch each other.

z. In homogeneous Particles, the greater the Surface of
Conta&, the itronger the Force.

3. The Sphere of this Attradtionis inconfiderable at any fen-
fible Diftance from the Particle,

4. The {maller the Diftance, the ftronger the Force, which
is very great at very {fmall Diftances.

. This Force decreafes nearly as the Cubes of the Diftances
increafe ; and not as the Sguares thereof, as in the other Sort of
Attrattion.

6. This Force is proportional to the Quantity of Matter in
Particles.

2. Confequently, the denfeft Particles, whole Surface of
Contaltis largelt, hath the greateft Aitradiion of Cobefion.

8. In Particles of the fame Kind, or equal Denfity, the At-
traftion is fironger between {mall Particles than the large ; be-
caufe in thofe there is a greater Quantity of Surface than in
thefe, efpecially if they are of a {pherical Form :

From this Property of Matter proceed many wonderful and
corious Phenomena, which are eafily accountable for on this
Principle. As,

1. The ftrong Cohefion of the Particles which compofe folid
or hard Bodies 3 for without this Power, the hardeft Adamant
would inftantly diffolve into an impalpable Powder,

2. The prodigious Cohefion of polifhed Surfaces, as of Glafs,
Stones, Metals, &f¢. Thus two leaden Balls pared with a fharp

G 4 Knife,
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A. Fs this Power of Aitraétion the faime in
all Bodies, of the fame Kind, of equal Denfi-
ty and Magnitude ?

Knife, fo as to cut off a Segment about £ of an Tnch Diameter,
if they are prefled together (giving them a little Twift) pretey
hard, they wiil require the Weight fometimes of 100lb. to fe-
parate them. That this is not owing to the Air is plain, be-
caufe they are not feparated in the exbaufled Receiver,

_ 3. By this Power, Liguids arifeinto the Subltance of Bread,
Sugar, Sponge, and all very porous Bodies, ' : ‘

4. On this Account alfo Liquidsrife on the Sides of contain-
ing Veflels, and about the Surface of Bodies floating therein,
to a fmall Height above the common Level.

5. Particutarly on this Principle, and no other, can we ac-
count for the Jfcent of Liquids in capillary Tubes of Glafs to
fo confiderable a Height above the Surface of the Liquor in
which they are placed, contrary to the Laws of Hydraulics ;
the Heights to which Water will arife in different ']{:bes:, are
reciprocally as the Diameters of the Bores of thofe Tubes, and
the Quantities of Water drawn up, are dire@ly as thofe Dia-
meters. See Grawvefande’s and Dr. Defaguliers’s Courfes, Web-
Jter’s Principles of Nat. Phil. Page 17. Rowning’s Comp.
Syftem. Harris's Lex. Tech. under the Word Aezraiion.

* 6. By this Means, the Water in the Veffel BC (Fig. XLI.
of Piaze VI, fronting p. gg) will arife between the two polith-
ed Glafs Plates, AC, Ae, being fet therein touching each other
on the Sides AB, and open a little on the other Sides ; the
Figure of the Water between the Flates e, f; g, is that of an
perbola, Homtt13 A o :

7« When Particles of Matter of diffcrent Denfities, Quanti=
ties of Surface, and, confequently, of different Attraétive
Powers, are mixed together, they will neceflarily attraét, agi-
tate, and move each other in various wife, and with incredi.
ble Velccities in many Cafes ; from hence will arife Fermenta-
tions, Ebullitions, Excalefcencies, Fufions, Diffolutions, Cryfialli-
zations, and other fuch like Effeéts known in Chymiftry.

8. But among the fmall Particles of Matier, there is not on--

ly an attra&ive Fower, but alfo a regeliing one, whereby they

are made to recede and fly from each other; and this Force is
called Ragatizon I Sty LRl t 1h 00 4 s

9. Rerpursion begins where Attraftion ends, and increafes

as the Diftance of ‘Particles decreafe, H ok i

10. Particles attraéted moft firongly within the Sphere of its

. Power are repelled moft forcibly when withoutic. =~

&0 el - LA 11. From

B. ¥Yes;
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B. Yes; butin all fuch Bodies, the lefs any

one is than another, the greater is its attradt-

ing Fc}rf:t., {othemagnetic Attraction is ftr{}ng-

~er in a {mall Leadffone, in Proportion to its
Weight, than in a larger one.

A. What is the Confequence of this ?

B. Sir Ifaac Newton has found, by Calcu-
lation, that, as the Particles of Lz'g!;r are the
leatt Bodies we know of, (o their Astraétion
1s 1000000000000000 Million of Millions of
Times greater than that of the Earth, on the
- Earth’s Surface ; according to the Quantity
of Matter in each, and the aforementioned
Velocity of Lighe.

A. Pray, Sir, what do you underftand b}r
Eleltricity * ¢

7 iRT

11. From the great Degree of this repulfive Power in 07/,
Greafe, &c. arifesthe great Difficulty of mixing thofe Bodies
with }7ater, fo as to make their Parts touch and ftick tﬂgether.

12. This Power is {mall between Gla/s and Water ;" greater
between Glafs and Quickfilver ; ftrong between Quickfilver and
Copper ; ftronger between %Hfa{‘ﬁfﬂff and polijbed Steel; but
weaker between Luickfilver and Gold.

13. From this Principle it is that a dry Needle fwims upon
the Water; and that Flies, &'c. walk and run thereon without
wettmg their Feet.

Let there be two Balls of Wood, A and B, the one
w::tad all over with Water, the other with Qil ; let thefe be
put into the Veffel of Water CD, and the different Effects of
the attradtive and repulfive Powers of Matter and Oil will be-
come very vifible; the Water in one Cafe rifing by Attradtion
above the common Surface ; and in the other it is fzrced below
it by Repulfion See Fig. KLH of Plate V11, fronting p. +99-

ee more concerning Attradion and prr:fﬁan of Partcles in
;Vré(ffr s Principles, Grawefande’s Elements, and Dr. Defagu-
iers’s Courfes of Experimental Philofophy ; and alfo the L.f,:r.
Tech, under the Word Aetraiion,
- *®* Erecrricyry confifts of an Attrafion and Repulfion
?rettf much of 2 11k¢ Natgre with thofe in the fﬂr;;omg
ote
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B. A certain Kind of attractive Faculty, pe-
culiar to fome Bodies, as Amber, Fet, Sealing~
| Wax,

Note. The principal Properties of thefe wonderful Qualities
of Bodies are as fullfﬂw.

1. It exifts of fine invifible Effuvia, fuppofed to be of an
unétuous and oily Nature, which are excited by Attrition, or
rubbing the eleétrical Body till it become warm.

2. Such Bodies warmed by the Fire only, do not attraét fo
forcibly as when heated by rubbing. ;

3. If a Glafs Tube be firft warmed by the Fire, and then
heated by Attrition, it will attraét moft fpeedily and powerfully.

4. Terfion, or Wiping, is alfo neceffary, as well as Attrition
or Rubbing, to procure Ele&ricity ; for this frees the Pores for
the better Emiflion of the Effluvia.

5. This Effeét is much weakened if the Weather be thick
and cloudy.

6. The Interpofition of the fineft Linen or Paper will hinder
the Afiion of Eleftricity ; whereas the magnetic Virtue pervades
all Objedts. .

7. Elefirical Bodies attra& all Things indifferently, the Load-

JPore only Iron and Steel,
8. If a Glafs Tube be rubbed in the Dark, the Efiuvia will
appear lucid ; and if alittle Brufh be held near the Tube, or
drawn along it without touching, juft after itis rubbed, Sparks
of Light like Stars will appear upon every Hair of the Brufh.

g. If when a Tube is juft rubbed, your Hand be brought
along down very near by the Tube, it will prevent its Effeét.

10. If the Fingers be moved nimbly by the Tube, asif you
went to firike it 1n a Direftion perpendicular to its Axis, the
Effluvia will be heard to fnap againft the Finger (or beat
back from it) againft the Tube, like the Crackling of a green
Leaf in the Fire, but not fo loud.

i 1. In hot and moift Weather, the Tube requires a great deal
of rubbing before it will fnap, and its Virtue will then diffufe
itfelf but a little Way, for what it will when the Weather is
dry and cold.

12. In fine dry Weather, the Eleftrical Virtue will attraét at
the Difltance of eight or ten Feet: In clofe moift Weather, not
above the Diftance of two Feet. _

13. After the Feather is attratted, and has ftuck to the Tube
fome Time, it @11 fly off, or be repelled, and never return to
the Tube again till 1t has touched fome other Body.

4. If
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Wax, Glafs, &c. whofe Particles are fuch,
that being greatly rarefied and agitated, (by the
Heat occafioned by Attrition, or rubbing of
them) they fly off to a certain fmall Diftance,
but not beyond the Sphere of the Body’s .4z~
traétion ; and therefore, by this Aizraétion,
they are obliged to return again to their old
Quarters. |
A. Why then, T fuppofe, itis by their fly-
ing off, thatlight Bodies, as Feathers, Hairs,
8c. are repelled from the eletrical Body ; and
by the Return of thofe Particles, they are
again inftantly compelled back, and attached
to the faid Body. |
B. Yes, that is the Cafe, as underftood at
prefent ; but for the real Caufe of 4¢traition
or Gravityin general, Sir Ifzac Newton pro-
fefleth himfelf entirely ignorant of it; even
though he makes this Principle of A¢¢raition or
Grauvity the Bafis of all his Philofophy: Where-

14. If the Finger, &c. he held near the Tube, the Fea-
ther will alternately fly from the Finger to the Tube; always
ftretching out its Fibres towards the (g)bjeﬁ it flies to embrace.

15. Moft, if not all, thefe Effe&ts fucceed in Pacus, only the
Light excited by Attrition will be of a purple Colour, in a
much greater Quantity, and all within the Glafs.

16. An exhaufted Tube lofesall its Virtue externally, which,

-

in this Cafe, is wholly exerted within the Tube.

Sce a great Number of curious and furprizing Experiments
concerning Lleétricity in Dr. Prigjtley’s Hiflory and Prefent
State of  Lledtricity. g4to.

fore
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fore let us now difcourfe of fome other Pro-
perties of natural Bodies *.

Citify Pot X0

Of TransParENCY and Oracity, DENn-
sITY and RARITY, HARDNESS and SOFT-

NESS, RicipiTy and FrLEx1BILITY, 2
Bobpiks.

A. C IR, I thank you for your Inftruétions
concerning Gravity and Attraélion, and
fhall be very glad to hear you farther on the
other Qualities of Bodies; and, firft, what
may we underftand by the Tran/parency and
Opacity of Bodies ? |
B. Tranfparency is that Quality of certain
Bodies, whereby their Subftance is enlightened,
and Obje&s appear vifible through them, as in
Glafs, Cryflal, &c.and thereﬁ}re thofe Bodies
are called Tranfparent, Pellucid, or Diapha-
nous, all which T'crms nnpiy the fame Thing.
Opacity is the Quality oppofite hereto ; and
thofe Bodies are faid to be Opake, whofe Mat-
ter is not franfparent, or through which Ob-
je&ts are not vifible.

* Sir lfaac’s Words are—* Hitherto I have ‘expounded
¢¢ the Phenomena of the Heavens, and of the Ocean, by the
¢« Power of Gravity ; buot the Canfe ¢f Grawity 1 have not yet
¢« affigned.”’—Agdin, fpeaking of the Laws of Gravity, he
fays,——“¢-But the Reaﬁ:n of thefe Properties of Gravity I
<¢_have not beenable to deduce from Phzmomena, and I frame
¢ no Hypotheles. It is enough, that Gravity doth a&ually
‘¢ exift, and afts according to the Laws I have expla ned, and
¢ is fufficient to account for all the Motions of the heaven]
““ Bodies and Sea.”” Princip. Philofophia, Edit. jtia. Pag. alt.

5 - A, Pray

R e =i
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A. Pray whatis the Caufe of thefe Qualities?

B. The Caufe of Tranfparency is owing to
that Conftitution of Bodies which admits the
Rays of Light to pafs through their Pores in
right Lines, and in all Dire@ions whatever ;
and, on the contrary, Opacity is the Effe&t of
Light obftructed in its Paffage through Bodies,
or that which is not tranfmitted in right
Lines *, . .
- 4. It feems to follow from hence, that the
Matter of tranfparent Bodies muft be very lit-
tle in Proportion to their Pores.

B. Very little indeed ; {o little, that a cele-
brated Philofopher queftioned whether the
Quantity of Matter in G/afs was more in Pco-
portion to its Bulk, than one Grain of Sand
to the Bulk of the whole Earth .

. In what Proportion are Bodies fra:yjba?
rent 2

* Sir Ifaac Neavtsn, in the Propofitions of his fecond Book of
Opiics, {hews,—That the lealt Parts of almoft all natural
Bodies are in fome Meafure tranfparent, and the Opacity of
thofe Bodies arifes from the Multtude of Reflexions caufed in
their internal Parts. Alfo, that the Parts of Bodies, and their
Anterftices, muft be of a definite Magnitude, to render them
opake and coloured; fince the opakeft Bodies, if their thin
Parts be fubtilly divided, (as Merals diflolved in acid Menftru-
‘ums, &¢.) becometran{parent. Again, opake Bodies (he fhews)
become tranfparent, by filling their Pores with any Subftance
of equal or almoft equal Denfity with their Parts. Thus Paper
dippedin Water and Oil, the Oculus MundiStone fteeped in Wa-
ter, Linen Cloth oiled or varnifhed, and many other Subfances
foaked in fuch Liquors as will intimately pervade their little
Pores, become by that Means more tranfparent, than other-
wife. See more to the fame Purpofe in the fame Place,

t Dr. Keill, in his Introduttion, Leét. gth, Page 67.

B Ll
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B. In Proportion to the Rarity and Denfity
of Matter.

A. What do you call the Rarity and Den-
JSity of Matter ?

B. By Rarity is underftood the Thinne/s of
the Particles of Matter; and by Denfity, the
Thicknefs thereof; in refpect of the Bulk of
Bodies.

A. Then the Denfity of Bodies hath regard
both to their Matter and Magnitude, 1 under-
ftand by this; but what is the Proportion ?

B. The Denfities of two Bodies are in a Pro-
portion compounded of the dire¢t Proportion
of their Quantities of Matter, and a reciprocal
Proportion of their Magnitudes.

A. 1 believe I could better apprehend you,
if you would be pleafed, Sir, to exemplify
this Matter.

B. 1 will. Thus fuppofe A be a Body which
hath eight Parts of Matter, and five Degrees cf
Magnitude ; and B be a Body having two Parts
of Matter,and ten Degrees of Magnitude; then
the Denfity of A will be to the Denyity of B, as
A= ot Lthatis=s = car A B S
1; therefore the BodyA’s DenfityiseightTimes
greater than the Denfity of the Body B*,

A, What

* 1. Let us (Fig. LIIL. of Plate V1I, fronting page 99) illuf-
trate this Example; and fince the Denfities of A anc?ﬂ arein
the compound Ratio of the %an:itics of Matter direétly, and
of their Magnitude reciprocally ; it will follow,

2. That their Bulks are as dire@ly as the Quantities of Mat-
ter compounded with the Denfities reciprocally,

3. That the Quantities of Matter will be in the compound
Ratio of the Bulks into the Denfities directly.

4. 1f



Of Denfity, Rarity, &ec. I
<. What Means are thofe Qualities moft of
all increafed or diminifhed by ?
 B. Heat and Cold; for Heat, by dividing,
extending, and expanding the Particles of
Bodies, doth attenuate and rarefy them, and
this is called Rarefattion; on the contrary,
Cold, by uniting and contraling the Particles
of thin Bodies, doth thicken and condenfe
them, and this is called Condenfation.

4. Do not the Hardnefs and Softnefs of Bo-
dies arife from their Denfizy and Rarity 2

B. No, Sir: The Hardnefs of Bodies arif-
cth from the mutual 4¢¢raction of the moft
minute primogenial Particles of Matter, where-
by they firmly cohere, and are, as it were,
conglutinated together : When this Firmity or
Cohefion of Parts is fo ftrong, that the Pre(-
fure of the Finger will not part or difplace
them, then we fay fuch Bodies are hard ; but,
on the contrary, when they give way, or yield
to the Touch, we call them foft Bodjes.

A. What Figure of thofe primitive Particles
of Matter is molt requifite to produce Hard-
nefs or Firmity of Bodies ?

B. The nearer the Figures of thofe Particles
approach to the Figures of the five regular
Bodies, or the greater their Superficies, by
which they touch one another, the flronger

4. If the Bulks are equal, the Quantities of Matter in tWo
Bodies, AB, will be diretly as their Denfities.

5. If the Denfities are equal, their Bulks and Quantities of
Matter are direély proportional,

0. If the Quantities of Matter in each be equal, the Bulks
will be in a reciprocal Ratio of the Denfities.

I will
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will be their A¢fraétion; and confequently the
greater their Cobefion, Firmity, ov Hardncfs .
But by how much lefs Superficies they touch,
and by how much the eafier they flip and flide
by and over each other, by fo much the fofter
fthall we find the Bodies; and this in various
Degrees even to Liguidity *.

A. Is it not alfo te the Size, Shape, &¢. of
thofe {mall Particles of Matter, that the Rigz-
dity and Flexibility of Bodies are owing

B. No doubt of it, though it cannot be pofi-
tively defined: But by the Analogy of Reafon,
Rigidity or Stiffne/s of Bodies feems to depend
“on two Things: Fir/f, an oblong Square-figu-
red Set of Particles, which are (fecondly ) une-

ually placed or jointed together, as thus
((11—) for the Want of Porofity and the
mutual A¢¢raétion, with the Refiftance arifing
from the Pofition of Particles, will caufe Rz-
gidity 5 and by how much lefs Particles are
endued with fuch Modifications, by fo much
the more Bodies are flexible or liable to bend ;
whence their Flexibility <.

* See what has been faid of the duradion of Cobefien in
Note * in Page 103. -

+ See furt%er on this Subje@, Brerbave’s Meth. Defcend.
Medicinam. C. Bartholire’s Specim. Nar. Philof. Cap. 6.
MuJchenbroet’s Elements Phyfico-Math. Part I. Cap. 16 ¢
Clerici Phyfica, Lib, V. Cap. 16, 17. Chambers’s iftionary,
and Harrif's Lexicon, under thefe Words. Robaulti Phyfice,
Cap. 22 ; and Dr. Clarke's Notes, at Art. g. Regnault’s Phil.
Converf. Vol.I. Conver, g. with Dale’s Notes. And the
Authors mentioned in Fobnfon’s Quatt. Philofophicz, Page
13, 14, 15, 10, 17, 18,

CHAP.
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A Pro-XI.

Of ConsisTENCE and Fruipity, HeaT
and CorLp, HuMipITY and Siccity,
Erasticity, OpoURrs, and SAPOURS of
Bopiks.

A. W HA'T do you mean by the Cosz-
Jiftence of Bodies ?

B. That State of Bodies whereby the con-
ftituent Particles do naturally keep the fame
Pofition to each other, and are not to be moved
or feparated, but by fome coercive external
Force; whence this Quality is alfo called the
Faxity of Bodies.

4. Whence doth this Fixity or Confiftence
of Bodies arife? .

B. Undoubtedly from the F igure, Size, and
Attrattion of the conftituent Particles of the
fame Sort with thofe which produce Hard-
znefs and Rigidity of Bodies.

A. Is not Fluidity oppofite to Confiffence ?
And doth it not arife from contrary Caufes?

B. Yes: Fluidity is that State of natural Bo-
dies, whereby their Particles are always in a
Flow; and are equally difpofed to move in any
Direction by the leaft Impreffion.

4. What may be the Caufe of Fluidiry 2

B. The exceeding Tenuity or Smallnefs,
Sphericity or Roundnefs, Lubricity or {mooth
Slipperinefs, and Similarity or Likenefs of the
primogenial, conftituent Particles of Matter
For Particles thus modified muft always pro-
duce a fluid Body, or Subflance, as Wuzer,
Fire, &c.

H A. Is
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A. 1s there any Difference between Fluidity
and Liguidity ¢

I3. Yes, a great deal : For Fluidizy is a gene-~
ral Name for all Bodies whofe Parts yield to
any Impreffion ; and thus-a Quantity of Sand
as well as Water is called a F/uid: But what
vie properly call a Liguid, or ngﬂar, is only
that Kind or Species of Fluids which cleavetsh
to the Touch, or ficketh to the Finger, &c.
which toucheth it,and, as we may fay, werzeth
it, as doth Water, or any Kind of Juices.

A. What may be the Reafon or Caufe of
this Difference?

. It is owing to the exceeding Smallnefs
of the Particles of Liquids above thofe of fluid
‘Bodies; and alfo to their Weight, or Ponde-
rofity: For, by thefe Means, the Particles of
Liquids enter the Pores of the Body which
‘toucheth them; and by their Weight and
Gravitv, cohere to, and abide therein ; and {o
caule Wetnefs *,

A. Pleafe now to let me know, S, what
your Sentiments are of Hea# and Ce/d in Bo-
dies, and wherein thofe Qualities do confift ?
- B. Heat is a Senfation excited in the Mind
by a great Agitation of the Particles of the hot
Body, which exerteth its A&ion or Influence
onus; fo that Hear inus is only the Idea there-
of; and in the hot Body, Aﬁw:ty or Motion,
and nc:*hmg elfe: No Hfm“ is fenfible to wus,
unlefs the Motion of the Partsof a Body, which

* The cobefive Attradfion 1s herein not a little concerned, as
will be ealv 1o conceive from Note* in Page 103,

a&s



Of Heat, Cold, &c. I1s
ats on us, be greater than the Motion of the
Organ or Part of the Body acted upon. When
the Motion of the Parts of the Body is lefs than
that of our Organs of Feeling, then it oc-

cafions in us the Senfation or ldea of Cold, or
Coldnefs.

4. Then, if I take yon right, S7, the Rea-
fon orDifferenceof Hearand Cold, for Inftance,
in Water, lieth in this: That in the firlt Cafe,
the Particles are by the Fire put into a greater
Motion and Agitation than isin the Hand that
feeleth it; and in thelatter Cafe, the Motion
of the aqueous Particles is in a lefs Degree than
of thofe in the Hand; and thus we find it to
be either Hor or Cold *, |

B. Yes, that is the true Nature of the Cafe,
according to modern Philofophy and manifold
Experiments,

. Pray how do you conceive of Flame 2

B. As a Fluid, whofe Partsare ever in Mo-

* The Motion here intended is that inteftine Motion which
exifts among the Particles, and in the Pores of any Body, and
in the Spirits, Blood and other Juicesin the Organ of Feeling,
to which that Body is applied.

The Heat of the Sun may be augmented to a prodigions De-
gree by means of a convex Lens or concave Mirroar. ‘T hus fu p-
pofe you have a double convex Lens, fourInches Diameter, and
whofe focal Diftance is 12 Inches; it will be found by Calcu-
lation, that the focal, or durning Spot of this Lens will be ys of
an Inch very nearly. Now fince Circles are as the Squares of
their Diameters, the Denfity of the Sun’s Rays falling on the
whole Area of the Glafs, will be to their Denfity when colle&-
ed into the fzcal Spot, as the Square of 4 to the Square of %,
that is, as 16 to-15, oras 160010 13 and confequently the Heat
will in that Spot be fixteen hindred Times greater than the
common Heatof the Sun’s Rays. No Wonder, then, they burn
with fuch amazing Violence and 4rdor ! A concave Mirrour of
the fame Diameter, and focal Diffance, will burn fill more in-
tenlely,becaufemany Rays are loft byRefle@lion on a convéxLens.

: H 2 tion,



116 The PuirosoruicaAL GRAMMAR.
tion, infenfible, and inconceivably great; and
which feems to depend on the Air, in its na-.
tural State; becaufe a Candle will not burn in
aduft, or burnt Air, as is found by Experiment.

A. Is not Light and Fire pretty much the
fame Thing, or of the fame Nature P

B. The Particles of Light and Fireagreein
feveral Things, viz. i. In their Smallnefs: 2.
Their Luminofity : 3. Theirexceeding Activi-
ty: 4. Their Heat or burning Quality : For
the Rays of the Sun, colle¢ted together by a
burning Glafs, burn more violently than any
common Fire; kindle Wood in a Moment;
immediately make Iron or Stee/red hot; melt,
Silver, Gold, &c. in half a Minute ; turn Stones
into ablack Glafs; and Brick, Tiles,and Earth
itfelf, to green Glafi in 2n Inftant; from
whence we mutt infer, the Particlesof Light
and Fire are the fame *.

A. This feems a juft Inference indeed : But
becaufe we cannot be large on every Head,
pray give me a fmall Account of the Qualities
called the Humidity and Siccity of Bodies ?

B. Humidity, or Moifture of Bodies, 1s only a
Mixture of the Particles of Liquor with thofe
of the folid Matter of Bodies ; thus Particles of

* See concerning the Nature of Heat, Fire, Cold, &c. Boer-
baawe’s Chymiftry, Part 1. Page 220, to 276 ; and Dr. Shaw’s
large Notes thereon. Mr. Bq}-g’s Hiitory of Cold. Cheyne’s Pal,
Principles, Page 61,62, 63. De/aguliers’s Courfes, Vol. 1. Page
421,t0 £26. Clare’s Mot. of Fluids, Page 225, to 229; allfo 287,
288. Hales’s Veg. Sratics, Page 278, 279, 280. Cleric Phyfica,
Lib. V. Cap. 13. Robaulti Phyfica, Part. I. Cap. 23. Part. 1L,
Cep. 9. cum Annot. Clark, annexis{ Chambers’s and Harris's
Lexicon, under thefe Words., Regmanit’s Phil. Conver. Vol. L
Conv. 26 ; and various Numbers of the Phil. Tranfaétions.

Water,



Of Flame, Humidity, Siccity, Elafiicity. 1 17
Water, mixed with Earth, make it Aumid and
wmoift; thus the Juices of Vegetables make their
Subftance moift; and the Want or Defect of
this Moifture, or Liquid Subftance in Bodies,
1s what we call Szecity or Drynefss and which,
in moift Bodies, is occafioned by the Sun,
Fire, Wind, &c. by atteauating and rarefying
the liquid Particles, and thereby caufing them
to fly offin Steam, or infenfible Zapour.

4. In the next Place, pray, Sir, tell me
what that Property is in Bodies which you call
Elafticity ?

B. It is that Difpofition of fome Bodies,
whereby, when the Parts of the Body by Pref-
fure are put out of their Place and Form, they
immediately again return to, or recover their
firft Pofition and Figure.

A. Whence doth this Property proceed ?

B. Itishard to fay what are the particular Cir-
cumftancesof the Caufe of Elaficity; however,
1t is certainly owing to the fpecial Figure, Sur-
faces,and Attraction of the Parts of elafticBodies.

A. Are all Fodies elaftic?

B. Yes, in a greater or lefler Degree; but
none are perfectly elaftic.

A. Pray what do you call perfect Elafticity?

B. That, whereby a Body recovers its Fi-
gure by the fame Force it loft it.

4. Is there any Thing remarkable in the

otion of Bodiesderived from their Elafticity 2

B. Yes: If an elaftic Body A ftrikes againft
the firm Bottom CD, obliquely in the Di-
retion AF, it will always rebound again in
the fame Obliquity FE, or fo, that the Angle

H 3 EFD
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EFD thall always be equal to the Angle AFC.
See Fig. XVII. of Plate VIII, fronting p. 120:
Befides this, there are many other Properties.
of the Motion of {pringy or elaftic Bodies, a-
rifing from their Spring or Elafficity; for
which larger Volumes muft be confulted*.

A. Well

* In the Percuffion or Striking of Bedies not elaftic, there
are four Cafes, =iz,

1. If onc Bady ftrikes again® another at Reft, they will
both move together in the Direction of the firlt Motion ; and
the Quantity of Motion in the two Bodies will be the fame as
in the fingle one before the Stroke.

2. If one Body firikes another moving the fame Way, but
flower, they will both continue their Motion in the fame Di-
redlion as before ; and the Quantity of Motion in both will
{lill be the fame.

3. When two Bodies with equal Quantities of Motion tend
both direflly towards, and ftrike each other, the whole Motion
will be deftroyed by their Meeting, and the Bodies will be at
Rett.

4. Two Bodies moving bothdireltly towards each otherwith
different Velocities, after the Stroke, will both continue their
Motion in the Dire@ion of that Motion which had the greateft
Velocity 5 and the Quantity or Motion after the Stroke is equal
to the Diffirence of their Motions before it. _

In elajiic Bodies, other Rules obtain: Suppofe two fuch Bo-
dies A and B; let A have three Parts of Marter, and eight Le-

rees of Velocity 3 and B have nine Parts of Matter, and two
Ecgrfcs of Velocity : Then, the Quantity of Motion in A
wili be z4, and thatof B 18. Now iuppofing thefe Bodies to
. impingeon each other, the Felocity of each after Impalt, and
the Diredion of their Motions, may be known as follows :

1. Let the Body A impinge on B at Reft; then from A take
B, and multiply the Remainder by the Velocity of A 5 divide
this Produ by the Sum of the Bodies A and B, the Quotient
will exprefs the Velocity of A after the Strcke.  As the Body

A is Iﬁfs,.ﬂt‘lual to, or greater than B ; fo it will be retro- '

orade, or dire&t in Motion after Impact. ‘Thus, in the prefent
Cafe, the Differenceof A and B is 6, which muliiply by A’s
Velocity 8, the Produ is 48 ; this divided by the Sum of the
Bodies 12, quotes 4, the Degrces of Velocity with which A
will return back after Impaét.

2. Again, divide twice A’s Motion by the Sum of the Bodies,
the Quotient will be the Velocityof B after Impaét. Thus 48di-
vided by 1z quotes 4, the Velocity of B after the Stroke. Sothar,
w e ) & . i (] ; g = i n t‘hﬁ’
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A. Well then, leaving that, let us proceed
to what you call the Odours of Bodies ; pray
what are they, or wherein do they confift ?

B. The Cdours of Bodies, by affecting the
Organ of Smelling, viz. the Nofe, do raife and
excitein us the Senfation we call Smeid,orScent »

the’ the Velocity be the fame, the Motion in both Bodies i,
double to what it was at firft in A,

3. Let the Bedies both tend one Way, and A follow B ; then,
to the Motion of A add twice the Motion of B, from that Sum
fubdadt the Produ of A’s Velocity multiplied into the Mateer
B; divide the Remainder by the Sum of the Bodies, the Quo-
tient will be the Velocity of A after Impa&t. As the Produd? is
leffér, equal to, or greater than the Sum (above mentioned) fo the
Motion of A will bedired?, none at all ordackward after theStrake.

4. Again, to twice the Motion of A add the Motion of B,
from that Sum {ubtra& the Produ& of B’s Velocity into A ;
divide the Remainder by the Sum of the Bodjes, the Quotient
will be the Velocity of 8 after the Impact.

5. AnExample of each, inour prefent Cafe, is as follows,
To 24 add -6, the Sum is 6, which [ take from 72, (as being
greatelt) the Remainder is 12, which I divide by 12, the Guo-
tient is 1 ; {othat A returns back with one Degree of Velocity,
having loft frwen.

6 Again, to8 add 58, the Sum is 66, from which T take
6 ; the Remainder 6o divide-by 12, which quotes 5 for the
Velocity of B's Motion. 1

7. If the Bodies tend the contrary Way, or meet : then, from
the Sum of twice B’s Motion, and the Produét of A’s Velocity
into B, take the Motion of A, and divide the Remainder by the
Sam of the Bodies, the Quotient is A’s Velocity after meeting;
and as that Sum is greater, equal to, or lefs than the {aid Moticn
of A, the Motion of A will be backward, none ar all, or forward.

8, Again, tothe Difference of B’s Motion and twice A’s,
add the Produét of B’s Velocity into A : divide the Sum by
the Sum of the Bodies, the Quotient will be the Velocity of
B after Refleftion. :

9. To illuitrate both thefe Cafes by our prefent Example,
TheSum of 72 and 36 is 108, from which I take 243 the Ee-
mainder 84 I divide by 12, which quotes 7 for A’s Velacity
backward. zdly. To the Difference of 48 and 18, which is 30,
I1.add 6, and divide the Sum 36 by 12, the Quosient is 3 for
B’s Velocity the contrary Way.

10, Thefe Rules are applicable to all Bodies, and Celeri-
Aies s and whofoever will, may fee their Inveftigasion ip
£eill’s Introdudlion, Leure 14.” Theor, 29. Pred, 3.

H 4 Thelg
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Thefe Odours of Bodies are nothing but
Efluvia, or exceeding fine and infenfible Par-
ticles, flying off the odoriferous Bodies in all
Directions; and as they float in the Air, ftrike
againft, and caufe in our Noftrils the aforefaid
Senfation of Smell.

A. Inwhat Degree or Proportion are thofe
Effluvia, or Cdours, fenfible to us?
~ B. The Senfation which they excite in us, -
-or the Degree or Intenfity of Smell, is always
in Proportion to their Denfity or Thicknefs
where we are; and this Den/izy always de-
.creafes in Proportion to the Equares of the
Diftance from the odorous Bodies.

A. Pray, Sir,can you not make this fome-
what more evident and plain by Example ?

B. Yes: LetRreprefent aRofe, and the Dots
about it the Emanationsof numberlels Efuvia
of Odsurs; now fuppofe the Nofe in three feve-
ral Diftances at A, B, and C, which let be 1, 2,
and 3 Feet from the Centre of theRofe: Now,
I fay, the Degree or Intenfity of Smell, at
thofe Diftances, will decreafe in Proportion to
the Squares thereof, 1, 4, 9, 7. e. it will be four
Times lefs at B than at A; and nine Times lefs
at C than atA. Do you apprehend it now? See
Fig. XVIIL of Plate V1II, fronting p. 120.

A. Verywell, Szr,an8am obliged to you: But,
pray, how comes it about that fome irrational
Animals, efpecially fome Dogs, can fmell any
Thing at fomuch greater Diftance than we can?

B. This 1s entirely owing to the greater Per-
fection of thatOrgan in thofe Creaturesthanin
Man, as being on many Acceuntsmore neceflary

in
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-in them than in us ; for in them, God has
made it one Means to preferve Life 5 in us he
feems to have defigned little more than Gra-
tification and Pleafure thereby. o

A. Whence do Sapours or Tafles of Bodies
arife ?

B. From a certain determinate Magnitude
and Figure of the Particles of the /zporific Bo-
dy, which, in the Make of the Tongue, do
thereby occafion the Senfe of Taffe in all Va-
rietics, according to the different Modification
and Configuration of thofe fzporifersusParticles.

.A. But what are thofe Sizes and Figures
of Particles neceflary to qualify them to exert
this faporsfic Virtue, which you fpeak of ?

- B. No Man knows that; we thould be con-
tented to have a general Knowledge, when
Particulars are denied us; we had better confefs
our Ignorance in Naturals, and adore the {u-
perlative Wifdom of God, who hath made it
-his own Prerogative to know all Things; than
feign vain or abfurd Hypothefes, with anambi-
_tious and impious View of being thought om-
* “nifcient, or able to account for all Things *,

A. 1 think fo too indeed, S, and afk Par-
don for being fometimes too curioufly inqui-
fitive about the Areana of Nature.

B. Sir, we are allowed, yea, it is our Duty,
to impiove our Kunowledge, and communicate

* For a more particalay Account of Odsriferous Efuvia, and
the wonderful Sagacity of Dogs, £9¢. in refpeét of this Senfe,
fee Boyle on Effuvia, Chap. 4. Alfo for Tajte, and the Caufes
and vait Diveriity of Tafles, read Dr. Grenv’s Anat, of Plants,

.#nd the Treatifes referred to in Note +in Page 11z, and Note ®

in Page 116,
the
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: LAW I

All Bodies continue in their State of Reft, or
Motion, uniformly in a right Line, excepting
they are obliged to change that Eftate by Forces
impreffed.

A. What 1s the Foundation of this Laow 2

B. We {ee all Bodies, by their Nature, are
inactive and incapable of moving themfelves ;
wherefore, unlefs they be moved by fome ex-
ternal Agent, they muflt neceffarily remain for
ever at Reft.

A. But why muft a Body in Motion, if left
to itfelf, for ever fo continue in a right-lined
Courfe ?

B. We know this by daily Experience ; for
when any Body is put into Motion, it conti-
-nues to move in the fame re&ilineal Direc=
tion, and with the fame Velocity ; until the
Refiftance of the Air, the Power of its own
Gravity, the Make of the Body, or fome other
external Caufe, determines it from a right-
lined Direction, diminifhes its Velocity, and
brings it at laft to a State of Reft *,

A. If this be the Cafe, pray how comes it
to pafs that the Sun, Maon, Comets, &c. con-
tinue their Motion fo long ; have the Regi-
ons, thro’ which they move, ne Refiftance ?

* Motion, when once produced in any Body, can never be
impeded, diminifhed, or deftroyed; but from fomething with-
in or withour the Body. Now all Experience teilifies, that
Matter is in itfelf inert, and powerlefs, and fo abfblutely fo,
that it can in no wife be confidered as the Caufe of any T}aing
either within or without itfelf; confequently, whatever re-
tards or deftroys Motion muft be fomething external tothe Body
moved ; bat in a perfeét Pacuum there is nothing of any Kind,
thereforein fuch a Cafc Motion muft of Neceffity be perpetual.

B. The
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B. The Bodies of the Planetsand Comets are
vaftly great; and the Spaces, thro’ which they
move, have {mall Refiftance, by which Means
they conferve their Motions the longer. :

A. Pray what is the next Law of Nature?

B. The Second Law is this :

LAW IL

All Change of Motion is proportional to the
Power of the moving Force impreffed ; and is
always made according fo the Right Line in
which that Force is impreffed.

. What do you obferve from thence ?

B. Thatif any Power produceth any Mo-
tion ; another Power, which is double, triple,
&c. will produce a double, triple, &c. Quan-
tity of Motion; whetherit be imprefled toge-
ther, and at once, or fucceflively by Degrees :
And this Motion (becaufe it is ever determined
towards the fame Part with the generating
Force) is added to the Motion of a Body in the
fame Dire&ion by Impa&, and it will move
{fo much the quicker; but it is {fubtracted
from the Motion of a Body in contrary Di-
rection, and therefore that Body will move fo
much the flower. it is alfo obliquely joined to
the Motion of a Body obliquely moving ; and
will be compounded with it according to the
Determination of both, Hence a yery con=-
fiderable Confequence will follow.

A. Pray what is that?

B. Why, according to the prefent Conftitus
tion of Things, it follows from this Law, there
can be no perpetual Motion ; for by this Law,

' the
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the Motion produced is but proportional to the
generating Force; and all Motions on this
Globe being performed in a refifting Medium,
2. the Air, a confiderable Quantity of the
Motion muft, in the Communication, be {pent
on this Medium; and confequently it is im-
poffible the fame Quantity thould return undi-
minifhed upon the firft Mover, which yet is
neceflary towards a perpetual Motion : Befides,
that fuch a Diminution of Motion will be
greatly increafed by the conftant Friction of the
Parts of the Machine; for there will be more
or lefs of that, be the Infirument ever fo well
contrived, there being no fuch thingas abfolute
Smoothnefs or perfect Congruity, in Nature -
at leaft, notin any of the Works of Man *.

A. Pray what is the #4ird Low 2
Eds. T his:

4, 2 N4 WL

Repulfe, or Re-altion, is always equal, and
#n contrary Direition to Impulfe or Aftion ;1. e.
the Action of two Bodies upon each other is al-
ways equal, and in contrary Direftions.

4. Can you illuftrate this Matter a little by
a familiar Inftance or two ?

B. Yes: Thus, if youprefs a Stone with your
Finger downward, the Stone equally prefles -
your Finger again upward : If a Horfe draw

* Concerning a perpetual Motion, the Machine contrived
for that Purpofe, and the Reafons and Arguments which evince
the Impofiibility thereof, fee Defaguliers’s Courfe, Vol, I, Page
175» to 178. Cheyne’s Philof. Principles, Page 16, 17: and
Chambers's Ditionary at the Word, with feveral other Authors.

for-
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forwarda Stone tied toa Rope, the Stone equal-
ly draws back the Horfe ; for the Rope being

ATy o A

equally diftended both Ways, aéts on both |
Horfe'and Stone equally. The Anvil firikes |
the Sledge with the fame Force the Sledge |
ftrikes it, which therefore rebounds or flies

back. The Steel draws the Magnet, as much
asthe Magnet draws the Steel; as is evident by'
making both fwim in Water. When a Bargeis

2 IO o Ve

W

pulled to the Bank by a Rope, the Bank pulls |
the Barge as much as the Bargeman pulls the |
Bank: And in the Defcent of heavy Bodies, the
Stone that falls attracts the Earth as much as |
the Earth attra&s it; that is, the Motion of the |
Earth is equal and contrary to thatof the Stone.

A. Why thefe are all Paradoxes furely; T'|
cannot conceive how it can be, nor believe |
that the Earth moves as much towards the |
Stone, as the Stone does towards it in falling,

B. But it is true, and 1s what I proved tn !

you, if you remember, when we difcourfed of |

the Gravitation of Bodies towards each other. |

T there thewed, the Reafon we cannot feefuch

a Motion of the Earth, is becaufe of the in-
comprehenfible Difparity of the Velocities of |

the Stone and theEarth : For, as I fhewed you |

on the Subject of the Motion of Bodies, the

Motions of any two Bodies may be equal to f.:chr‘*
ot hery when the Velocities of their Motions are

infinitely different.
A. 1t is true, I remember you did {o; aﬂd

I find what creates the Wonder, is only a«

Miftaking of Pelocity for Motiom, wh-::h 13
an entire different Thing.

BI YES’ '_:-






1 H B

-sz/cf ophical Grammar:

‘Modern Philofophy.

PrA Bk I1.
COSMOLOIGY:

CONTAINING,

I. A general View of the Unsverfe.
II. The Philofophy of the Sun.

I11. The Philofophy of the Mooz.

1V. The Philofophy of the Planets.
V. The Philofophy of the Comets.
VI. The Philofophy of the fixed Stars.

Explaining their Nature, Properties, and Affeétions, {o far as
they are at prefent known and underftood.

SR

CHAP. L
Of Cofinology in general, of the mundane Space,

of a Facuum, of Duration or Time.

¥ HY do you call the fecond grand
Diviﬁnn of the Science of Nature
Cofmology

B. On Accaunt of the Propriety of the
original Senfe of the Word, and its Congruity
with the Things which are the Subjetts of the

Science intended thereby.
A. What
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A. Whatisoriginally imported by the Word
Cofinology ¢ i

B. It 1s compofed of the two Greez Words,
xocpes, the World, and ?ﬁ.r.':':yor:, a Dé/&ﬁszﬁ;
and therefore, by Cofinology, is implied a phi-
lofophical or phyfiological Difcourfz of the
World, or Univerfe in general.

A. In what Manner, or Order, then, do you
defign to proceed in taking this general View,
or Survey of the Univerfe ¢

B. In the fir/? Place, to obferve the Order
and Conftitution of it, fo far as it is known,
with the feveral Parts thereof great and fmall.
Secondly, we will take fome Notice of the
Mundane Space ; in which the various Parts
or Bodies of the Unsver/e do confift, and are
pofited here and there. Thirdly, we thall dif-
courfe a little of the Nature of Duration or
Time, whereby the Motions of all the Bodies
in the Univer/fe are meafured.

A. This will be very delightful indeed; pray
make a Beginning. What do you firft obferve
in the general Conftitution or Frame ?

B. The firft great Phanomenon of the Uni-
verfe, which more eminently ftrikés our Sen-
fes, is that glorious Luminary we call the Suz,
the Source of Lighs, and Centre of our Plaxe-
tary Syffen, or about which the Chorus of all
the Planets move. |

A. What, do you fuppofe the Suxn to be the
Centre of the Planets Motion, and not a mov-
ing Planet itfelf ?

B. Yes; the Sun is in the Centre of our Syf-
tem, round which the primary Planefs move.
See Fig. XIX. of Plate X, fronting 5. 134.

1 A. Pray
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A. Pray which, and how many are thofe
you call primary Planets ?

B. They are in Number fix; and their
Names are, Mercury, Venus, the Earth, Mars,
Supiter, and Saturn; thefe, in different ftated
Periods of Time, all revolve about the Sun, in
the Ordet I have rehearfed their Names.

A. But, pray, what becomes of the Moon,
that you mention her not amongft the Pls-
nets ¢ And how came you to make a Planet
of this Earth in her flead?

B. I am taught by the modern Phy/iology fo
to do; itisvery certain the Earth is a Planet,
and moves about the Szz with the reft: And
as to the Mosgn, 1 do not fay fhe is not a Pla-
net, butnota primary or principal one.

A. Why, Sir, what Difference do you make
in the Kind of Planets ¢

B. There is difcovered a two-fold Kind.of
Planets, viz.. There are fome very great and
large ones, which regard the Suz as the Centre
of their Motions ; thefe are called primary
Planets, and are thofe before named : Again,
there are other lefler ones, called Sazellizes, or
Attendants, which circulate round fome pri-
mary Planet, as their Centre ; and thefe are

termed fecondary Planets, and fuch a one is
the Moon *.

* The Word Satelles is Latin, and with the Remans fignified
an Officer, Serjeant, or Yeoman of the Guard of a Prince, whofe
Office was to attend and defend his Perfon; whence the Aftro-
nomers, by an eafy Metaphor, call a Moon (which conftantly
attends its proper Planet in all his Revolutions about the Sun)
a Sazelles, and if there be more than one, Satellites, which is a
four-fyllable Word, viz. 8a-rel-/i-tes, and not a three-fyllable
ene, asit is vulgarly, though vicioufly pronounced.

A. Sure



The Conflit. and Parts of the Univerfe. 131

4. Sure it will be thought very firange, that
the Mson (which, next to the Suz, is the great-
eft Luminary in the Heavens) fhould be ef-
teemed only as a fmall fecondary Planet ; the
Moon is little obliged to your new Philofophy,
being thus degraded from her ancient thining
Poft among the primary ones !

B. What I fay on this Head is founded on
Reafon, Obfervations, and Experiments ; and
therefore claims Belief before thofe Notions
which depend only on vulgar Senfe, and were
the Produéts of a meft rude and barbarous
Age, though ever fo glaring : Remember, o/
75 not Gold that glifters.

A. Well, T am glad to meet with Truth,
whatever I exchange for it: But what do you
next obferve in this wonderous Frame ?

B. The amazing Bodies we call Comets ;
- which make fuch prodigious Excurfions into

the unknown diftant Regions of the Unsver/e,
as to take up (fome of them) feveral hundred
Years in making one Revolution about the Suz.

A. I fuppofe, by Comets you mean blazing
Stars; and do they likewife moveabout the Sun?2

B. Yes; butin Orbits vaftly eccentric, and
approaching nearer to the Form of a Parabols,
than an Elip/fis or Circle.

A. Well, what next to thefe offer for the
Subje& of our Contemplation, in this uni=

verfal Scene? :
- B. The fixed Stars, which enamel and be~
~ fpangle the concave Expanfe, or Canopy of
Heaven; which, by their Numbers and Luftre,
make theNight beauteousand delightful,which
132 would
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would be otherwife dark and horrible : And

thus I have rehearfed to you all the great Parts

of which the World doth confift, fo far as we
know any thing of ‘it *.

* The Syffem of the World now defcribed, is not a late Inven-
tion, but was known and taught by the wife Samian Pytbagoras,
and others among the Ancients, which in after Times was loft;
131l in the 15th Century itwas again revived by thefamous Polif’
Philofopher, Nicholas Copernicus, who was born at Thorn in the
Year 1473. Inthishe was followed by the greateft Matbema-
ticians and Philofopbers that have fince lived, as Kepler, Galiles,
Defeartes, Gaffendus, and $ir Ifaac Newwton, who has eftablifhed
thisSyltemon fuch an everlafting Foundation of Mathematical
andPhyficalDemonftration,that neither the Gates of Ignorance,
nor the Power of Popifh Anathema’s, hall ever prevailagainftit.

The moft famous of the antiquated Syftems are two, w@iz.
One taught by Prolemy, the Egyption Aftronomer, faid tokave
lived 128 Years before Chrift, The other by the noble Daze,
Gycho-Brabe, born in Schonen, A.1. 1546. _

The ProLemeas Systim (Fig. XLIV. on Plate1X, front-
ing p. 132.)fuppofed the Barth immoveably fixed in the Centre
of the World, about whichmoved feven Planets, wiz. the Moon,
Dlercury, Venusy the Sun, Mars, Jupiter, and Satura ; above
thefe is placed the Firmament of the fixed Stars, then the two
Cryftalline Spheres 3 all which were included in, and received
Motion from, the Primum Mobile, which conftantly revolved
about the Earth in 24 Hours from Eaft to Weit. But this
rude Seheme was too much accommodated to Sex/?, to ftand the
Teft of Art ; the Matbematicians {oon perceived it a Medley of
the grofleft Errors and Abfurdities, which they rejecting (as fit
only for theignorant, and zealous Eigat'} chofe other more ra-
tional Methods to purfue the grand Difcovery.

The TycuonianxSysTemiucceeded the Prolemean, but was
never {o univerfal, This fuppofed the Earth in the Centre of
the World, (fee Fig. XLV. on Plate IV, fronting p. 132.) or
¥irmament of fixed Stars, as alfo of the two Luminaries, the
Moon and the Sun. But then he fuppofes the Sun the Centre
of the Planetary Motions, wiz. of Mercury, Venus, Mars, Fupi-
ter, and Sarurn ; thefe, with the Sun, all revolved about the
Barth in the Space of a Year, to account for the annual Motion;
and the Earth he made to revolve about the Axis every 24

tlours from Weft to Eaft, to folve the diurnal Motion of the

Heavenly Bodies from Eaft to Weit. This Hypathefis bein
partly true, and partly falfe, and embarraffed with many Difii-
culties and Abfurdities, was embraced by few, and foon fa*.'e
way to the only true and rational Selar 8jffem, reftored by
GQopernicus, as aforefaid, -

A. Pray
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A. Pray what is the Form or Figure of the
Univerfe ¢

B. It hath no determinate Form or Figure
at all; forafmuch as it ic every Way infinite
and unlimited.

A. What do you call the wundane Space ?

B. The infinite Space, in which all Bodies
of the Unzver/e have their Place and Being.

A. Pray what do you properly call Space 2

B. Extenfion without Matter; or, 1n plain
Englifh, a perfect Vod, or Vacuity ; which is
better conceived than defined *.

A. What is that the Philofophers call a
Vacuum 2

B. A Vacuum is a perfe Void, or Space
abfolutely devoid of all Body or Matter ; as,
on the contrary, they call that a Plenum, when
any Part of Space is fo abfolutely filled with
Matter, as to have no Vacuities therein.

A. Is there any {fuch Thing as a Pacuum in
Nature ?

B. Yes; only thofe who denied theic
Reafon, have denied this.

A. How do you prove a Pacuum?

B. A thoufand Ways almoft; but Motion
evinceth it moft plainly ; for can any one fup-
pofe a Body to move in the Midit of So/idizy 2

* See Dr. Watts’s Enguiry concerning Space, Phil. Effay I. Mr.
Locke, in his Human Uudfcr/?am’fug, confefles he does not know
what 1t 1s, nor towhat Clafs of Beings to refer it, Hum Und.
Book 1L, €hap.'13. § 17. 8ir I. Neawton confiders Space as
the Seajorium of the Divine Mind, Prin. Math. Philof. Pages28,
Optics, 2d Edit. Page 379, The Cartefians abfurdly pretend it
is a Body or Subftance. And others deny that it has any real
Exiftence. See the Authors mentioned in Fobufon’s Queft. Phi-

lef. p. 169, 170,
; 173 They
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They who affirm this, may as rationally affirm,
that a Bird may fly through a Mountain of 4da-
mant, as eafily as through the open Asr : And-
who fo blind as not to fee the moft monftrous
Abfurdity thereof by this one Argument®?

A. 1 think ncne can deny it indeed, who
would be thought rational: But, pray, what
have you to fay of Duration or Tume 2

B.  Duration is the Idea we have of the Con~
tinuance of the Exiftence, or Being of Things ;
and in order to eftimate and meafure the Parts
thereof, we ufe the Motions of moving Bodies,
as the Sun, Stars, a Clock, &@¢. and the Parts
of Duration thus compared and meafured, we -
call Time, Times, Seafons, Ages -4, e,

SECRAR

Of Uranolagy, o the Dottrine l.:_:f the beavenly
Bodies ; and firft of Heliography, or the
Philofophy of the Sun.

a2 HAT is the Meaning of the Word
Uranology ¢

* Tt is an old Maxim, that nothing is more difficult than to
prove the Truth of a felf-evident Axiom, or that which is
obvious to the common Senfe of all Mankind. This is fufi-
ciently confirmed by the numerous Controverfies on the Sub-
jeéts of Space and a Facuum ; for though nothing is more evi-
dentthan the Nature of the one, and the Certainty of theother,
yet nothing has more diftratted and perplexed the Minds of
Philofophers, as may be eafily feen by perufing the Authors on
thefe Subjeés referred to in Jobnfon's Phil. Duefiions, Page g.

+ The Do&rine of T ime is the Subjett of Chronology ; an Ab-
fira& of which excellent Science the Reader mar‘?nd in my
Philolsgical Library of Literary Arts and Sciences,
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B.Itis of GreekOriginal, andis compofed of
otpards, Heaven, and 2cyos, a Difcourfé ; there-
fore it fignifies a Difcourfe or Treatife of the
Heavens,orbeavenlyRegions,andBodies therein.

A. Pray whatdo you call the Heavens, or
beavenly Regions ?

B. Thofe Regions, or Fields, of Atber,
~ which lie all around us above the Azmofphere ;
in which are fituated all the fhining Bodies,
the Sun, Planets, Comets, and Stars, and
wherein they perform all their Motions.

A. Where will it be proper for us to begin
our Converfations on thefe celeftial Subjects ?

B. We will firft begin with Heliography, if
you pleafe.

A. 1do not underftand the proper Meaning
of that Word, pleafe therefore to unfold it.

B. By Heliography (as being compofed of
S$r0s, the Sum, and jxgatph a ﬂgﬁrr{pﬂ'arz} is
to be underftood, a philsfopbical Defcription
of the Sun.

A. Well, it feems very congruous to begin
with what you make the Centre of our Syf~
tem as you call it; and pray what do you firft
obferve of the Sun ¢

B. The Sun is a huge Body of Light, or
Fire, whence all the other Planets receive their
Light; and by whofe Emanations of Rays,
and Beams of Light, the whole Syftem of Be-
ings about us is illuminated and made vifible.

A. Can you tellany Thingof the Sun’s Bulk?

B. Yes: The Diameter of the Sun is com-
puted at 822148 Englib Miles; and its Bulk,
or folid Content, at 290971000000000000

I 4 Miles ;
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Miles; whichis about 1000000,0ra Million of
Times greater than the Globe of our Earth *,
. . Stupendous Magnitude ! And what, do
you fuppofe it to be all Fire ¢

B. Yes; and thercfore fome have thought
it to be the Place of Hell 4-: However, its
Quantity of Matteris well known; and the
Denfity thereof is very confiderable.

- * 1. To compute the Diameter of the Sun, his Diftance from
the Earth muft firft be known, which Tuppofing his Aorizontal
Parallax 10 Seconds, I have found to be 821 3%01_4 Miles, in
wpy Young Trigonometer’s Guide, Vol. 1. Part 2. Chap. 3. § 14.

2. Suppofe then you have a double convex Lens, as L, (Fig.
XLVI, on Plaze 1X, fronting p. 132) whofe Focus of parallel
Rays is at CD, 12 Feet, or 144 Inches diftant from itfelf; let
this Lensbe fixed in the Window-fhutter of a darkened Cham-
ber to receive the Sun’s Rays AL, BL, which coming from the
extreme Parts of the Sun’s Body, and interfeéting each other
in the Centre of the Lens, will determine the Diameter of the
Sun’s Image at CD, which, when you have nicely meafured,
you will find to be 1,%% of an Inch. The Half of which is
Ce=Jsof an Inch, Then fay,

As the focal Diftance = . CL=144 = 2.158362
Is to I the Diameter of the Image Ce =0.67 = 9.826074
So is Radius — go®c’ = 10.000000
'To the Line of the Angle Clhe = 0% 1607 7.667712

Therefore the whole Angle CLD or ALB is 32 Minutes, and
this is called his dpparent Diameter, becaufe its Diameter ap-
pears under fuch an Angle to the Eye. i

3. Nowdince the Diameter of any OJje# and its Image are
proportional to their Diftances from the Lens, the Diameter of
the Sun will eafily be had by the following Analogy.

As the Diltance of the Image CL = 144" =2.158362

To its Diameter By ==yray =o.127105

So isthe Diftance of the Sun LA = 82136014 =7.914533

To his Diameter AB = 764320 =;.883276

4. Thus his Diameter is found to be feven Hundred fixty four
Thoufand three Hundred and taventy E :ﬂyﬁ.ﬂfz Jes ; which is lefs,
but perhaps truer,* than the above %ne'rl Ten T houfand
Miles 1s a trifling Diftance, and not to be regarded in the Mea~
furement of fuch immenfe Diftances. '

+ Sec Sawinden’s Book on the Nature and Place of Hell,

A. The
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4. The Quantity of Matter ; pray, in what
Proportion is that to the famein other P/anezs?2

B. The Quantity of Matter in the Suz is to
that in Sefurn, as 100000 to 33; to that in
Fupiter, as 100000 to g2; to that in our
Earth, as 10000000't0 §9.

A. In what Proportion is the Weight of
Bodies on the Swun’s Surface ?

B. The Weight of equal Bodies on the Sur-
face of the Sun is to their Weight on the Sur-
face of Saturn, as 10000 to §29; to their
Weight on ‘fupiter, as 10000 to 943 ; and to
their Weight on the Surface of our Earsh, as
10000 tO 435.

A. What is the comparative Denfity of the
Sun ?

B. The Denfity of the Sun is to the Denfity
of Saturn, as 100 to 67 ; to the Denfity of
Jupiter, as 100 to 94.%; and to the Denfity of
our Earth, as 100 to 400, or as I to 4; and
therefore the Fire of the Suz muft be prodi-
gious intenfe, yea, almoft folid, as being one
Quarter of the Denfity of our Earth *. |

A. Why, then the Light and Heat muft be
inconceivably great near the Sw#’s Surface ?

B. Yes, greatindeed : Sir /fzac Newton faith,
the Sun’s Light and Heat, at the Diftance of
Mercury, 1s feven Times as great as the greateft
with us; and therefore our Water there would

* Thefe Proportions of the Matzer, Weights of Bodies, and
Denfitiesin the Sun, Saturn, Jupiter, and the Earth, are taken
from Sir I. Neavton’s Principia, Pag. 405. Where the Diame-
ters of thefe Bodies are determined to be in the Proportion of
10000, 791, 997, and 109,

be
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be for ever boiling-hot, till it was all evapo-
rated, and boiled away *.

A. Is the Sun’s Body one pure unmixed
Subftance of Fire?

B. That none can certainly tell; there hath
feemed Reafon to doubt it, fince the Difcovery
of the Macule Solares, or Solar Spots.

A Pray, Sir, whatare they?

B. The Aftronomers of late, by proper
Glafles, have difcovered many black Spots in
the apparent Face of the Suz; fome fuppofe
they are a heterogeneous Mixture of opake
Matter in the Body of the Suz, which there-
fore in thofe Parts will always appear dark or
black. Scme of thofe Spots feem to be ge-
nerated in the very Middle of the Sun’s Difk ;
and others feem to be diffolved and vanifh
there; fometimes feveral {fmall ones gather
together, and make alarge Spot ; and fome-
times a large Spot is obferved to be divided,
and cut into many lefler ones. Some Philo-
fophers have thought they were {mall Planets
circulating round the Sux#’s Body very near it;
and others have other Conjectures about them.
They were firft difcovered by Galileo, the
Italian Philofopher, in the Year 1610 .

A. Do

* Since the Intenfity of Lighs and Hear are as the Squares of
the Diftances reciprocally,and fince the Proportion of the Dif-
tances of all the Planets from the Sun is known, the Proportion
of Light and Heat ateach is alfo eafily known, as is expreffed
in the following Syngpfs.

T 1. That they who have nothad an Opportunity of viewing
the Spotsin the Sun, with a Telefcope or otherwife, may have
fome proper Idea of them, I have carefully delineated fuch as
appeared in the Sun’s Face on Aug. the 25th, 1737, at Seven
in the Morning, (in Fig.XLVIL on Plate1X, fronting p. 2 1: 3-)

: where
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A. Do thefe Spots appear fixed, or in Mo-
tion, on the Suz’s Body ?
B, They

where the whole circular Area reprefents the Suns Face; on
which you fee the Spots in their proper Magnitudes, and Si-
tuations, as they then had.

2. The Number of thefe Spots is always uncertain and
variable ; itis faid when Galileo, Schinerus, Hevelius, &c. firlt
obferved them, that the Sun would frequently wear ox#e or more
of thefe Spots : But now (fays Mr. Melynexx, who wrote about
40 or 5o Years ago) he {feldom wears any of thofe Parches, as if
they were grown out of Fathion, ene in five or fewen Years hard-
ly appearing. Yet, about the Year 1700, it was not uncom-
mon to obferve 10, 16, or 20, and fometimes. more Spots on
the Sun’s Difk. And now as the Sun is fcarce ever to be ob-
ferved without fome, {o they are generally very numerous, it
not being difficult to enumerate 2o, 30, or 40 Spots pretty
diftin&tly on the Sun’s Face, befides many others which appear
dufky and obfcure.

. As to their Magnitude, thatlikewife is very variable, fome
bcmg fcarcely vifible, and others are fo large even at his Limb,
as to take up an 1coth Part of his Diameter, and more; and
which therefore will be found by Calculation to contain a far
greater Number of fquare Miles than the whole Superficies of
our terraqueous Globe.

4. The Motion of thefe Spots is very irregular, fo far as I
could ever yet obferve; I could never find that the fame Spots
in the fame Figure, Number, and Order, ever returned in an
regular periodical Manner; and thereforewhat is here faid con-
cerning the Motion of the Sun, is wholly on Credit fromothers.

5. The Mutability of the Form or Shape of thefe Spots is very
confiderable, asis alfo the Variety thereof ; being fometimes
long, broad, oval, feldom round, often angular, and pointed
in feveral Parts, and will often vary their Shape while you are
obferving them, :

6.Sometimes thofe Spots decay, and become fhady, nebulous,
and of a mifty Appearance, and are at laft invifible before they
go offthe Difk. And thofe Spots and Nebule or Mifts do fome-
times fuddenly arife, andas fuddenly decay and become extinét.

7. Spots which continue long on the Difk of the Sun, are
faid often to turn to Fecule, or exceeding bright and Sfaming
Parts, which do not continue long on the San’s Face, before
they are extinguifhed or difappear. But thefe Fecule, or
flaming Spots, are very rare of late, fince I have never had
the defirable Sight of one of them. :

8. The fagacious Mr. Derbam very rationally fuppofes, that
— T'he Spots in the Sun are canfed by the Evuption of Vulcano's there-
iny the prodigions Quantity of Smoke, and otber vpacous Matter,

wiaking
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B. They all appear to move from the Eg/-
tern to the Weflern Limb of the Sun, in about
12 or 13 Days. _

A. Pray what do you infer from thence ?

B. Why, was it certainly known (as it is the
general Opinion) that thofeSpots were really in
the Su#’s Body; then,from their apparent Mo-
tion, we could be aflured of the Sun’s real Mo-
tion aboutitsown Axis, in fomewhat above 25
Daysand 6 Hours: But if thefe Spots are only
fome diftinét Bodies actually moving round the
Sun, then we have no certain Knowledge that
the Sun hath any real and proper Motion atall.

A. How, Sir, do you fay no Moticn at
all ; pray do we not fee him move every Day
from Eaft to Weft ?

B. He feemeth, indeed, to us fo to move;
but that is one of the Fallacies of Sight, and
indeed the greateft.

A. What! Sir, will you pretend to fay he

doth not move ?

making the dark Spots, which gradually decaying and fpending it-
Self, makes the Spots degeneraie to Umbre and Nebule ; that is,
0 Shadowws and Miftsy lafly, the fuliginous Matter being quite
diffipated, and [pent, the horrid Flames of the Vulcano appear,
and make the Fecule before deferibed.

g. In obferving the Spots, ¢, of the Sun, the beft Way is
to ufe a Telefcope of about 6, 8, or 10 Feet Length, with a
fmoked Glafi placed before the Eye-Glafs next the Eye; if
in this Cafe the Telefcope be, and a Micrometer fitted thereto,
the Spots may with Eafe be meafured, and their Appearances
obferved from Day tc Day. Alfo the Sun’s Image may be re-
ceived into a dark Chamber (through aTeleﬁ:uFe with an
Object-Glafs and one Eye-Glafs only) on a Piece of white Pa-
per, which may be magified or diminifthed as Occafion re-
quires ; this is an eafy and innocent Way, and that which I
generally ufe. _
~ See much more concerning this curious Subjeét in the Phil.
Tranfadtions, N° 283, 294, 330 3 or the fame abridged by Mr.
Fones, Vol. IV. Page 228 to 245. Asallo in Harris’s Lexicon,
under the Word Macu/e.

B. Yes,
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B. Yes, Sir, there is no Reafon to think
he doth move; and there are phyfical Demon-
ftrations that he doth not move.

A. Pray what are they ?

B. One of them 1is this : That fince the Sun,
the Earth, and al/ the Planets gravirate mury-
ally towards each other, they muft all have one
common Centre of Gravity, about which they
muft all move; but Sir Ifaac Newton bath fhewn
and demonfirated, that this Point, or Centre of
Gravity,is not quite a Diameter of the Sun diffant
Jrom the Sun’s Centre ; therefore the Earth, and
all the Planets, move round a Point not half
the Diameter of the Sun diffant from the Sun’s
Surface ; and this is the fame Thing to us, as
if the Earth, &c. moved about the Sun itfelf*.

A. Well, I cannot confute Sir Ifaac, it is
true ; but I can choofe whether I will believe
him : Should not I fooner believe the #7ord of
God, and my own Senfes?

B. No: A Demonfiration at once com-
mands Affent, notwithftanding the /Jitera/
Meaning of Scripture, and the Ewidence of all
our Senfes to the contrary. No one needs be
convinced of the Fallacy of Sight, who hath
ever been in a Ship under Sail; nor was the
Scripture intended for a Syftem of Phy/io/ogy+-.

CHAFP

® Principia Math. Philgf. Lib. III. Prop. 12. & Corol. The
other Phyfical Demonftration of the Farth’s Motion about the
Sun, fee in Keill's Afironem. Lectures, Page 34, 15 ; orin the
P&ifafag. L:brary of Literary drts and Sciences, Page 300.

+ I am forry any one fhould take from hence an Occafion to
fay that I fpake irreverently or ludicroufly of the facred Scrip=
zures 3 I think itwould be very difhonourable and ridiculous to
urge them in any Senfe againtt a kuown and demonfirated Truthof

any
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€ HAP/--HIL

SELENOGRAPHY, or the PHILOSOPRY of the
Moon.

b XU H AT is the Etymology of the
' Word Selenography ¢

B. It is compounded of g¢/un, the Moon,
and 5owoh, a Defiription ; wherefore it means
a phyfiological Defcription of the Moon.

A. You {peak of the Moon in the fingular,
as if there was but one; whereas juft now
you numbered our Moon with feveral others.

B. Yes, there are feveral other Moons, as
Fupiter hath four Moons, and Saturn hath five
Moons; but becaufe we know little more of
them than their Number, Motions, and Dif«
tance from their primary Planets, we {hall
omit them here, and {peak of them together
with their Primaries by and by.

A. Well, fince the Moon is favoured with
the Preheminence to be confidered alone;
pray what do you firt obferve in her ?

any Kind. T efteem the Bible not only a juft Hiftory of Fadls,
but a divine Revelation, and the beft Syftem of natural Reli-
gion in being ; but T am fo far from thinking that we are to
be direfted in our Sentiments of natural Science, efpecially
Philofophy and Afironomy, by the Scriptures, that I am apt to
believe thofe Sciences, as they are now and truly underftood,
were entirely unknown to the Writers of thofe Books.

But if any one gives himfelf the Trouble, he may fee the
Arguments for the Sun’s Motion fairly ftated, and fully con-
futed, in Parenius’s Geog. General, Par. 1. Lib. I. Cap. %.
Atlas Geag, Introduliion, § !z.f‘}‘mﬂ. Clerici Phyfica, Lib. I.
Cap. 2. & 3. Galilei Syfiem. Cofmic. Pag. 354, 350, 457, 492,
644. Epifiola Pail. dnton, Fofearini, wholly on the Subjett.

B. It
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B. Itis found that the Body of the Mpon is
a large, dark, opake, fpherical Body, alike to
our Earth in Matter and Form.

A.WhatProportion doth the Moo beartothe
Earth in its Magnitude and Denfity of Matter ?

B. The Bulk of the Moo is to that of the
Earth, as 586333000 to 258445900000, or
as 5 to 258; that is, the Earshis about 50
Times (at leaft) bigger than the Moor; the
Dentfity of the Moon is to the Denfity of the
Farth, as 4891 to 4000, or as 11 to 9; the
Quantity of Matter in the Mo is to that of
the Earth, as 1 to 40, or as 1000 to 39788,
more nearly ; and the Weight of Bodies on
the Moon’s Surface, is to their Weight on the
Earth’s Surface, as 34 to 100 *.

A. Can you tell the particular Dimenfions
of the Moon’s Body in Engli/b Meafure ?

B. Yes; the Diameter of the Moon is 2175
Enghfh Miles, her Circumference therefore
muft be 6829 Miles ; whence the Superficies
of the Moon will contain 1415440 {quare
Miles, and her folid Content will be
5386333000 cubick Miles, as before.

<. On what do thefe Meafures depend ?

B. On the Diftance of the Moo from the
Earth ; which fome Aftronomers make 50,
fome 60, fome 61, Semi-diameters of the
Earth, that is, about 238920 Englifh Miles ;
whence the Diameter of the Moon's Orb will
be 477840 Miles, and Circumference thereof
1500418 Miles ; which therefore is the Jour-
ney the Moon performs every Revolution ¥

A. Then

® See Newton. Princip, Philof: Pag. 468, 469.
4+ The Diftance of the Moon from the Earthis thus fou :gd.
(cee
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A. Then you do allow the Moon to move
about the Earth every Day from Eaft to Weft,
though you deny this to the Suz 2

(See Fig, XLVIIL on Plate IX, fronting p. 132.) Let ABCbhe
' the Earth, V thie Moon in the Zenith, and D the Mocn in the
Horizon : BD is the fen/fble Horizon, and CH the true or ratis-
nal Horizon, Suppofe the Moonin that Part of her Orbit neareft
the Earth; an Obferver at B would fee the Moon in the Line
BD, but to an Eye placed in the Centre of the Earth C, fhe
would appearin the Line CD ; the former is her apparent Place
known by Obfervation with exaét Inftroments ; the latter, her
#rue Place, and is known from the 7/eory, or Table : The Dif-
ference of thefe two Places is found to be 1° 2' 10", and is the
Meafure of the Adgle BDC, which is called the Moon’s Hori-
xontal Parallax ; the Angle at B is a Right one, and BC is the
Semi-diameter of the Earth. Wherefore, in the Triangle BDC
we can eafily find the Side BD, the Diftance of the Moon from
the Obferver B, by the following Analogy :

As the Sine of the Angle D~ =1° 2’ 10" =8.257419

To the Side —_ ey o= I — 0.000000
Sois the Sine of the Angle BCD =88°57' 50" =9 999929
T'o the Side e DB = g2y = L4210

Thatis, the Moon (when neareft the Earth) 1s ¢ 5,37 Semi-dia-
meters of the Earth diftant from the Point B, But a Semi-dia-
meter of the Earth is 3982 Miles, which multiplied by 55 7%,
gives 220085 5 Miles,her neareft Diftance from the Obferver
at B. In the fame Manner yoa find the Side CD=2z20344 7%
Miles, her neareft Diftance from the Centre of the Earth, But
i:&r mj‘.ﬂn and greateff Diffance isvarioufly determined, as above
inted. .

Again, to find the Diameter of the Moon in Miles, let P be
the Moon, and O her Centre, join CO and _PC ; then is the
Angle OCP equal to the apparent Semi-diameter of the Moon
at the Centre of the Earth, which, for the abovementioned He-
rizontal Parallax,is 16' 2" (fee Note * in Page 136) and CO
is equal to CD=220344+"%, and the Angle at O is a Righs
one, whencethe Side PO is thus found : L

As the Sine of the Angle CPO = 89° 43787 =9.999095

‘T'o the Side — CO = zzng.;q.{?’ﬁ =5.342611

So is the Sine of the Angle OCP = 16' 52" =7.690663
To the Side Ve “OP == 1070 | =3.093260

Whichis the Number of Milesin the Semidiameterofthe Moon,
the Double whereof, wix. 2159+% is the Number of Miles in the
Moon’s true Diameter.- This indeed is 16 Miles lefs than that
afligoed in the Text, but the Difference is too fmall to be re-
garded. e
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B. The Moon doth, indeed, move about the
Earti, and that in about 27 Days, 7 Hours,
and 43 Minutes, at a mean Rate: But this
Motion is not from Eaft to Weft, but, on the
contrary, from #/eft to Eaff, every Day about
13 Degrees and 10 Minutes.

A. How comes it then toappear to do thus ?

B. By reafon of the daily Motion of the
Eartb about its own Axis from #eff to Eafi
once in 24 Hours; which maketh the Sun,
Moon, and all the Beavenly Bodies, appear to
move the contrary Way from Eaf to Wef in
the fame Time. :

A. Pray why dowe fee the Moon rife and fet
~ above an Hour later every Day than another?

B. I hall make this eafy to conceive. Thus,
{uppofe T be the Globe of the Earth, WSEN
the Orb of the Moon ; let AD reprefent the Ho-
rizon,in whichletthe Muon » be, on any Day
at her rifing and fetting,in Eand W : Now, bea
caufe the Moon moves every dayabout 13° 10’
from Weft to Eafl, let that Diftance be repre -
fented in the Musn’'s Orb by WF and EH ;
therefore at the fame Time, on the following
Day, the Moosn will be under the Horizon at H
at her rifing, and above the Horizon at F, at
her fetting the Day before; where the Surface
of the Earth muft turn from A to B, and from
D to C, before the Moon.will be again in the
Horizonatrifing or fetting ; which Motion from
A to B, or from D toC, takes up about an
Hour’s Time, more or lefs, every Day. See
Fig. XXL. on Plate X111, fronting p. 1 55 *,

A. Siry

* In an oblique Sphere, 21l great Circles iﬂt:rf:ﬁing the
Equinodt,al will, in the Revolution « f the Sphere, in:erfect the
X Horizon
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A. Sir, 1 thank you; I perfe@ly underftand
you, and the Meaning of this Phaenomenon ;
Piay hath the Mooz any other Motion ?

B. Yes: She revolves about her own Axis
juft in the fame Time {he performs one Revo-

ution about the Earth, viz.in 27 Days, 7.

Hours, 43 Minutes *.

A. How are you fure of that ?

B. Becaufe at the fame Times we always fee
the {ame Face or Side of the Moon; but this
could not happen, unlefs apgroper Motion about
her Axis turned every Day juft fo much of the
Moon's Body to the Earth as her periodical
Motions turn from it, ~

Horizon with different Anglesat every different Part thereof..

Thus with re'peét tothe Ecliptic, whenthe Beginning of Libra
is orieat, or rifing in the Eaft, it then makes the greateit Angle
with the Horizon; when Capricorn is orient, the Angle 1s
mean, and when Aries is orient, the Angle is leaft of all; and
therefore when the Moon s full in the Beginning of Libra, one
Day’s Motion depreffes her farthelt below the Horizon, and
Jealt whenin the Beginning of dries ; confequently, the Dif-
fer nce of her riling cach Day at the wernal Eguinox will be
greatelt, and leatt of all in the autumnal Equinox. '

Now fince the Moon’s Orb interfe&sthe Eclipticinan Angle

_ of about five Degrees, when thefe Points of Interfection fhall
happen to bein the Equinoxes, a full Moon in the Beginning
of Libra will rife later the next Dav after by one Hour an
aboot 2o Minutes ; and in the Beginning of Aries, by theDif-
ference only of about 20 Minutes. And if the Moon bz in
Perigeum at fuch Times, the Intervals of her rifing will full be
. greater in the former Cafe, and leffer in the latter. Thus the

Autumnal full Moon rifes near an Hour fooner, the next Day,
than the 7ernal one ; whence, by Way of Diftintion, itisvul-
garly called the Harveff Moon.

# The Revolution of the Moon through the Zodiac is called
a Lunation, and 12 of thefe Lunations or Revolations is a Lunar
Year; and which takes up the Space of 354 Days, 8 Hoars, 487
38", The Difference between this and the jolar Year, which
contains 365 D. § H. 48' 57", is almoft 11 Days, which
Chronologers call the Epad?, See my Philolog, Library, Page
338, 131505 &e.

And becaufe the Moon’s Motion about her Axis is per-
formed in the fame Time as about the Earth, the Lunarians have
their Nycrbemeron or Natural Day equal to their Month, =

ol T

i

o
=l
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A. This muft be a wonderful Harmony
and Correfpondence of Motions, indeed | But
what is the Form of the Muon’s Orbit ?

B. The Moen’s Orbit is elliptical, but is
perpetually changing, and never continueth
the fame Speeics, or of the fame Figure.

Ao Howr, fodp 50w iat

B. The Caufes of Inequalities of the Mo-
tions of the Moon, and the Form of her Orbit,
‘are the different Attra&tions of the Szz and
Earth, the Eccentricity of her Orb, and the
Obliquity of the Axis of her daily Motion *,

A. 1 think you agree, the Moon receives
all the Light fhe fhines with from the Su» 2

B. Yes, fhe does fo; and by Refle&ion
conveys it to us in the Swn’s Abfence .

A. Pray, Sir, give me Leave to afk what is
the Reafon why fome Parts of the Moon’s Face
look dark, and others light?

B. The bright Parts of the Moon’s Body are
the more eminent Parts of Land, which re-
flect the Light of the Sun, as Hills, Moun-
tains, Promontories, Iflands, &¢. and the
dark Parts of the Moon are thought to be Seas,
Lakes, Rivers, Fens, &, by fome; and by
others, they are faid to be thaded Valljes,
Caverns, Pits, &c. Butin Truth they reprefent
both Water and fhaded Places ; for neither of
thefe refle@ting Light, muft appear dark, and

not bright. 4

* Concerning the frregularities of the Moon’s Motion, and
her compleat Theory, fee Neavton, Princip. Lib, IIL Gre ory’s,
Whifton’s, and Keill’s Aftronomy ; alfo Mr. Leadbetter's Books
of Aftronomy. .

t The Sun’s Light by RefleGtion from the Moon is (o very
weak and effeté, that it cannot be made to produce any fen-
fible Heat by the beft of Burning-Glafles yei made.

K 2 A. Then

LA
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A. Then you fuppofe the Mooz to be inha=
bited, I find ? I have heard there be fome of
that Opinion.

B. Yes, undoubtedly ; to what End elfe
can ferve the Diftribution of Land and Water,
Mountains and Vallies, Caverns, Pits, &c. ¢
Befides an Atmofphere of Air (and thereby
Winds, Clouds, Rain, and other Meteors of
Confequence) has been lately difcovered about
it: No doubt but they ferve the Purpofes
there, as here, to nourtth and fuftain Men,
Beafts, and Vegetables *,

A. Indeed, if it be fo, your Reafoning and
Inferences are very juft: I wifh I could have
the Happinefs of viewing the Face of the
Moon through a good Telefcope, for my own
Satisfaction. |

B. It is a very great Curiofity indeed; I can
tell, becaufe I have thus viewed it many
Times ; I fhould be glad if the Weather
would permit me now to gratify you in this
Particular; however, to make amends for that,
I can thewyou the Face of the Mooz curioufly
engraven, and juft as it appears through fuch
a Glafs, with the Names which feveral Se/e~

# That the Moon is inhabited, few have doubted ; but it is
a great Queftion with fome whether there be an Atmofpbere
about her, and others flatly deny it. See Hugens’s Cofmoth.
Book IT. and Keill's Aftron. Lett, X,

The Moon through a good Telefcope not only appears per-
fecly globular when at full, but atother Times to have all the
Varieties of Mountains, Vales, and Seas, as we may fuppofe 2
Lunarian can behold in our Earth.

They who would fee the Manner of meafuring a2 Lunar
Mountain, may confult Mr. Derbam’s Aftro-Theol. Book V.
Chap. 2.in the Notes, and the Authors there referred to. As
alfo my Young Trig. Guide, Vol. I. Part1l. Chap. 3. Sed.
20, and Keill's Aftr. Le&. X, Page 107.

5 nographifts
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nograpbyfis have given to the feveral light and
dark Parts thereof, See Fig. XX. on Plate
XI, fronting p. 149.

S A BTV

Of PLANETOGRAPHY, or the PHILOSOPHY
of the PLANETS.

A. RAY what is the original Meaning of
the Word Planet 2 _

B. Itis a Greek Word, and derived from the
Verb wravaomar, to wander orﬁmy; whence
the Englyb of this Word is, a wandering Star.

A. 1 think I remember, you told me there
were two Sorts of thofe Planets, or wandering
Stars; the firlt you called primary Planets, the
other Secondaries, or Moons, or Satellites 2

B. It 1s truel did : And the primary Pla~
nets, viz. Mercury, Venus, the Earth, Mars,
Fupiter, and Saturn, are principally here in-
tended, as the Subject of our prefent Dif-
courfe ; and the Secondaries we will only con=-
fider amongft the Accidents of the Primaries.

A. Well, fince a Planet hath its Name
from its Motion, we will firft begin with the
Motions of the Planets if you pleafe: And,
pray, in what Order, Form, or Manner, do
the Planets move ?

- B. I have already faid, that the Suz is the
Centre of our Syftem ; about which the Planets
all revolve in different Diftances; 1. Mercury,
2. Venus, 3. Earth, 4. Mars, 5. Jupiter, and
6. Saturn, asyou fee them in the Solar Syftem
the Form of their Motion is elliptical more or
lefs, and not perfectly circular; and they all

K move
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move round the Sz, in fuch Manner, as fo
}i’g{é‘réﬂé‘?guzz! Areas of Space i equal Times.

. Pray, Sir, if you can, illuftrate this
Matter by a Scheme. :

B. Sir, that may be done very eafily,
Thus, let S be the Suuz, ABPCD the ellipti-
cal Orb of a Planet P; then the Part of the
Orb P iscalled the Peribelium, being the near-
eft Diftance from the Sxz; and the Part A is
called the Apbelium, as being the fartheft Dif-
tance from the Sun; and SE is called the E¢-
fe:za‘rwz{y of the Planer ; and as this Eccentri-
ff;j}r 1s lefs or greater, {o the Orb of the Planet
is lefs or moreelliptical. See Fig. XXII. on
Plate X111, fronting p. 155.

A. But you have not yet fhewed what is

meant by a Planet’s defcribing equal Areas in
equal Times.

. This is no more than to fay, if the
Tlmﬂs, in which the Planez moves in his Orb
from P to C, and frem C to D, and from D
to A, be equal to each other, then the Areas
or Spaces PSC, CSD, and DSA (defcribed in
thofe equal Times, by Lines drawn from the
Planer to the Sa:n:) will alfo be equal among
themfelves, and #/e contrary *.

A. But, pray, do you aflign f'uch very une-
qual Portions of the Orbit to be pafled over in
equal Times? Do not the Planets move equal
Diftances in their Orbs in equal Times ?

B. No, very far from it; for the Velocity
of a Planet's B.flmmn is different in every Part
of its Orb, being fometimes greater, and fome-

times lefs.

* By the contraryis meant only, that ifthe Areas deferibed be
rpu&lamnngz emfelves, the Tlmg in whfch they weredefcribed
will alfo be equal. See i"il&‘qurm,PImCJp Lab. 111, Prop. XIII.

A. How

B

P |
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A. How happens that ?

B. By Gravity, or theSun’s Attraction : Fﬂr,
when the Planet isin P, the Sun attraéteth it
moft ftrongly ; and therefore the Motion there,
and thereabouts, is greaterthan any where elfe.
Again, when the Planet is in its Apbelium at
A, at its greateft Diftance from the Suz, it 1s
then leaft affected by the Power of Gravity,
and confequently the Motion there, and there-
by, is the leaft or floweft of any Place in the
Orb. But, when the Motion is {fo unequal,
the Arches PC, CID, DA, muft needs be fo
too, though defcribed .in equal Times.

A. Sir, Iconceive it muit be fo now; I did
not think of the Sun’s Attrattion: Sincethere-
fore thofe Areas arealways proportional to the
Times, pray, what Proportion of Gravity or
Attraction will produce this?

B. The Power of Gravity is aIways reci-
procally as the Squares of the Diftances of the
. Planet from the Sun : Thus, {uppofe the Di-

ftances SP, SC, SD,SA, were as the Numbers
¢, 6, 9, 10, then the Power of Attraction .in
thofe Diftances would be reciprocally as their
Squares, viz. 100,81, 36, 25; fo that it would
be four Times greater in the Peribelium P,
than in the Apbelzum A ; and this is the con-
ftant Law of all the Planets both primary and
fecondary.

A. Pray what other Affections are obferva-
ble of the planetary Motions ?

B.The Planets, as I told you, all move about
the Sun in reality from /e to Eaft, and yet
they fometimes appear to move the contrary
Way from Eaft to WWefl, and fometimes not to
| . Koo move
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move at all for fome Time; and thus they are
{aid to be direé?, fationary, or retrograde.
. 1 fhould be glad if you could explain this
tomy Apprehenfionbyaclear and eafy Scheme.
B. That I will endeavour to do: There-
fore let S be the Sz, ACE the Orb of the
Earth, and FGI a Part of the Orb of any one
of the {uperior Planets, fuppofe yz;fz'rer; alfo
let QR reprefent the Arch of the ftarry Hea-
vens, wherein we fee and determine the Places
and Motionsofall the Planets, (fee Fig. XXIII,
on Plare X111, fronting p. 1 558 Now, fuppofe
the angular Motion of the Ears4 be fo much
greater than that of Fupiter, that while the
Earth defcribes the Arch ECA, Yupiter fhall
only defcribe the Arch HGF ; then it is eafy
to conceive, that, when the Egrzbh is in E, the
Planet at H will be feen amongft the fixed
Stars at M, and fo he will alfo, when the
Earth is arrived at D ; therefore all the Time
the Earthis pafling from E to D, the Planer
will {eem to fland ftill about M, and is faid to
be Stationary: Again, when the Earsb is ar-
rived to C, the Planer will really be moved
forwards to G, but will be feen from the
Earth at C, amongf the Stars at N ; where-
fore, while the Eart) paffeth Eaflward from
D 10 C, the Planet will appear to move Wef-
ward from M to N in the Heavens, which is
backward; alfo, while the Earsd moves from
C to B, the Plager will ftill feem to move
backwards from N to O, where it will again
be Stationary till the Earth comes to A. Do
you underftand me ?
A. 1 believe I do: You mean, that while the
Earth pafleth from E to D, and from B to ﬁ,
the









Of the Motion of tbe Planets. 153

the Planet Yupiter will appear not to move in
the Points M and O; and then he is faid to be
Stationary: Alfo, while the Earth is paffing
from D, by C to B, and though Fupizer really
moves in his Orb from H to F Eaftward, yet
he will feem to us to move from M to O Wefi-
ward, or backwards; and during that Time
is {aid to be Retrograde: I think this is the
Matter as you intended 1 thould underftand it;
is it not ?

B. Yes, I am glad to fee you underftand
this intricate Phenomenon fo well; and in a
like Way you may underftand the fame of the
inferior Planets.

~A. Pray what particular Awfe@ions hath
each Planer ?

B. Eclip/es are peculiar to the Earzh, Fupi-
tery and Seturn, becaufe thofe Planets in par-
ticular have Moons or Satellites moving round
them, which occafion thofe Eclipfes; alfo one
Thing is particular or peculiar to Sazurz alone;
and that is a furprifing Kind of a Ring, encir-
cling the Body of this Planet at a great Dif-
tance.  Laflly, Fupiter hath the Appearance
of Belts girding his Body; and Supiter, Mars,
and Venus, are found to have dark Spots on
- their Difks. |

A, Well, thatwe may have fome regular
Accountof thofe wonderful Particulars, let me
know fir{t concerning the Nature, Number,
and Diftances of the Moons or Satellites pere
taining to the primary Planers. ;

B. The Eartbhath one Moon, of which alrea<
dy: Fupiter hath four Moons, and Saturn five
HMeans: 'The Times in which they feverally re-
volveabout their Primaries,and theirDiftancein

Semi-
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Semi-diameters of the Bodies of Fupiter and
Saturn, areas here follow :

In Supiter.
D. H. M.

1 Satellite 1 18 2z et s
2. 3~ =4 Ig fr]t‘::'r]rll1r ?:E'- g Semid. of
3 7 3428 e fri: 14 <% ) Fupiter.
4 ———16 16 327 (25 25

In Saturn.
. D.- ' H M. .
1 Sarellite 1 21. 18 I %
2 —— 2 17 41 Diftance z 2 [Semid. of
3 ——— 4 12z 25 »from Saturn’s 3 3 pSaturn’s
4 — 15 22 .41 Centre 8 Ring.
e 23 1o

Thefe Moons, and their Affections, were all
difcovered by Means of the Telefeope ; and,
before its” Ufe, were unknewn to the An-
cients *, '

~.A. They

* 1. Tn the Beginning of the Year 1665, the famous Chiif,
Hugens difcovered the biggeft of Sarurn’s Satellites with a Te-
lefcope of 12 Feet, and is the fourth from Satwra. The other
four éatc]litcs of Saturan weré all the Difcovery of Mr. Cafiui,
the 3d and gth in the Year 1671, 1672, and 1073; but the
11t and 2d were not difcovered till che Year 1684, by extraor-
dinary Glafles of 80, ico, 150, and 2¢0 Feetin Length.

2. All Fupiter’s Satellites were difcovered by Galileo, on Fan.
7, 16103 and from that Time to this no more than four could
ever be feen, Thefe Moons are eafily feen with a 2, 3, or4
Feet Glafs, efpecially with fhort Focus Eye-Glafles; but to
malke exaét Obfervations of their Motions, a Glafsof 1o oriz
Feet is neceflary 5 but a good Refle@ling Telefcope of 4 or 6
Feet is fufficient for viewing or obferving the Satellites either
of Fupiter or Saturn.

" 3. M. Molyneux, in the Year 1681, Now. 2, at 10 at Night,
obferved a tora! Difappearance of all Fupiter's Satellites; at once;

s
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A. They are certainly noble Difcoveries;
but you fay they are the Caufe of Ec/ipfes to
their Primaries ; how, I pray you? .

B. This, both in the primary, and alfo in the
fecondary Planets, will be beft underftood by a
Scheme, (hewingthe Eclipfes of the Earth and
Moon : For, 1n Fig. XX1V. on Plate XIII,
fronting p. 155, you obferve the Earth E,
in herannual Orb AB, moving about the Su»;
at the fame Time, you obferve the Moon

Fupiter then apgearing folitary, as it were deferted by his
Guards; and a bold Lucian might have pulled him from his
‘Throne without Refiftance, fays the jocofe Author. But they
were the 11, 3d, and 4th on his Face, and the 2d behind his
Body, in the Manner as reprefented in Fig. XLIX. on Flare
XII, fronting p. 153.  See Molyn. Diopt. Page 271, .

4. For the Sateliites of Fugiter or Saturn may be rendered in-
vifible to us four different Ways, (fee Fig. L. on Plaze X1I,
fronting p. 153.) Let S be the Sun, E the Earth, I Fupiter
in his Orbit GH, and a, &, ¢, &, his four Satellites about him.
Then, (1.) A Satellitemay be eclipfed by Fupiter’s Shadow ID,
(2.) It may be hid behind the Body of Jupiter, in the Line IF,
(3-) It may pafsover the Face of jupiter, whofe greater Light
will render that of the Satellite infenfible. (4.) Laftly, One
Satellite may pafs before and intercept the Light of another ;
though thisis a Cafe that very rarely happens.

5. Notwithitanding the Satellites have all a circular Motion
about their Primary, yet when they are viewed, they appear fo
be, and tomowein a fraight Line fituated Eaff and Hef. The
Reafon whereof is, that fince the Planes of the Orbits of the
Satellites do nearly pals through the Eye of the Speator,
either half of any of their circular Orbits, as ABC or ADC,
will be projected into its Diameter AC, and confequently its
Satellite with it; and thus the Satellites, if fituated in the

Orbitin a, &, ¢, d, will appear to a Spectator on the Earth at
T, inthe Right Line ACin the Points , £, g, 5.

6. Alfo, while the Satellite is in the neareft Semi-circle
CBA, heappears to move from Eaft to Weft in the Line CA 3
but while he pafles the remote Semi-circle ADC, he will then
appear to return from the Weift to Eaft along the fame Line
AC; fo that in one Revolution he appears to move twice
through the Right Line AC.

7. From hence alfoit ac{_ypears, that the moft diftant Satellite
may appear nearer the Body of Fupiter than the neareft ; and

‘the contrary ; which is fo eafy to conceive, that I need not
perplex the Scheme for an Example.

moving
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moving about the Earzh in her Orb: Now
when the Moon is in Conjun@&ion with the
Sun, i. e. when the is juft between the Earzh
and Swu#n, and is what we call the New Moon,
as at M ; then it is evident her Shadow will
fall on the Earzh at E, and confequently will
hide fome Part of the Suz’s Body from thofe
who dwell on that Spot; and this is what
they call an Eclip/e of the Sun, but is properly
an Eclipfe of the Earth ; for you fee it is the
Earth that is really darkened, and not the
Sun : Alfo it is evident, when the Moon is in
the oppofite Part of her Orbat N, in dire& Op-
pofition to the Sun, that then the Earth be-
ing exactly between the Suz and the Moon,
will caft her Shadow on the Mouon; and the
Moon being thus overwhelmed in the Shadow
ot the Earth, will appear dark or dutky, and
is properly faid to be then eclipfed. ;
A. This, indeed, is fo plain and evident, I
believe none can look on it, and notapprehend
the Manner and Caufe of Eclipfes. Pray, can

you tell the Quantity of Eclipfes 2
B. Yes; the dark Shadow of the Movon co-
vers a Part of the Earth’s Surface about 180
Miles in Diameter, and moveth at the Rate of
2104 Milesan Hour: But the parial or penum-
bral/ Shadow extends to the Width of 4900
Miles : And as to Lunar Ec/ipfes, the Diameter
of the Earth’s Shadow atthe Moon,is near three
Times greater than the Diameter of the Mooz ;
and therefore the Moon*, in central Ec/ipfes of
her

*The Nature of a Solar Eclipfe will be further evident from
Fig. L1 on Plate XI1, fronting Page 153, where S is the Sun,
T the Barth, and M the Mcoon. From the Extremities of the

Sun
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her Diik, is totally darkened, or eclipfed, for
fome Time. : A. 804

Sun draw CF and CB on one Side, and DE and DA on the
other, touching and including the Moon’s Diameter. Then it
is manifeft, there will be two Kinds of Shadows produced from
" the Moon ; onedetermined by the Rays CB and DA, and is pro-
perly called the dar# Shadoav, becaufe an Eye placed with that
cannot poflibly fee any Part of the Sun’s Difk. The other is
determined by the Rays CF and DE, and 1s called the Penuma
dra, or partial Shadowy, becaufe to an Eye placed therein, the
Sun will be in pare wifible, and partly objfcured ; and as the dark
Shadow is a Cone, whofe Bafe is the Moon, {o the pemaumbral
Shadow is alfo a Cone in a contrary Situation, its Verfex being
above the Moon at V, and its Bafe at an infinite Diftance 3
though the Part of this Cone above the Moon beonly imaginary,
and 1s equal the Cone of the dark Shadow below the Moen.

From a View of the Figure, then, it muit be plain, that the
Inhabitants of the Earth between P and A will be within the
partial Shadow, and will perceive only a Partof the Suneclip(-
ed, which partial Eclipfe will be fo much the greater, by how
much the Spefatoris near to A. AtA the Sun begins to be
wholly obfeured, and all within the Section of the dark Sha-
dow AB will perceive a total Eclipfe of the Sun, which endsat
B, whereit again becomes partial.  And thisis the daréd and
penumbral Shadow, whofe Dimenfions were above given. In
{fome Neav Moons, the Latitude of the Moon from the Ecliptic
is fuch, thatonly the penambral Shadsw can fall on the Snr}fja.ce
of the Earth,in which Cale there will be only a pariial Eclip/e ;
and fometimes the Latitude will be fo great, as to give the
Earth Room to pafs by the Penambra without touching it, and
then there will be no Eclipfe at all. : ;

The Manner of reprefenting a Solar Eclipfe in this Way, is
purely phyfical, or according to Nature; butthe more 4/frono-
mical Way,is that according to Fig. LII. on Platz XII, frontin
Page 153, wherethe Moon’s vifible Way AB is reprefented in-
tcr%e&ing the Ecliptic or Path of the Earth (at thc Time of
the Eclip/e) in the Point J, called the Node. The Circle HCI
is the Surface of the Earth, and D, F, and G the Se&ion of
the penumbral and dark Shadsww of the Moon, as feen from the
Moon on the Earth in the Time of the Eclipfe. At D the
Shadows are juft entering on the Dik of the Earth, and the
Eclipfe begins; the Middle whercof is at F, and at G the
Shadow is got clear off the Difk, and the Eclipfe ends,

In Fig. L1II. on Plaze XII, fronting Page 153, the Latitude
of the Moon KL is fuch, that the Shadow only touches the
Difk, but does not enter or obfcure any Part thereof, In this

Cale,
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A. So; I fuppofe, Eclipfes happen to Saturn
and Fupiter, on Account of their Moons; and
likewife to the Moons themielves, as well as to
our Moon 2 |

B. Yes; but the Eclipfes of thofe Planets
are much more frequent than of our Earts,
the Number of Moons, and their quick Circu-
lations, neceffarily making them fo; alfo the
Eclipfes of thofe Moons or Satellites are very
frequent, one or the other being continually
patling thro’ the Shadow of their Primary.

A. Well, leaving the Moon and their Eclip-
Jés, pray let me hear a Word or two about the
wonderful Ring of Safurn, that you mention-
ed juft now.

B. This moft furprifing Phenomenon of all
the vifible World, was firft difcovered about
100 Years fince: It is of a prodigious Size,
great Breadth, and vaft Compafs; it is faid the
Diftance of the inner Border of the Ring, from
the Body of Saturn, is equal to the Breadth of
the Ring itfelf, each being computed to be at
lealt 21000 Miles; though others make the
Interval between theRing and Sazurn’s Body to

Cafe, the Diftance K& is the Limit of the Eclipfe, becanfe
the Earth within that Limit will receive the Shadow in Part
or Whole, and beyond it it will not. Now the Angle AJC
1s variable, and when lcaft, the Ecliptie Limit /K 1s great-
eft; and when that Angle is greateft, the faid Limit is leatt.
The Limit, when leaft, is 14°6" 36", and when greateft, 16
1873 %

After alike Manner you confider an Eclipfe of the Moon,
whofe Ecliptical Limitsor Boundaries are, the greateft 122 #*
24", and the leaft g% 317 247

See more concerning thefe Affairs in Mr. Whiflon’s and Keili's
Aftron. Leftures, and my Young Trigon. Guide, Vol, L. Part

1L, Chap. 3.
be
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be 210265, and the Breadth of the Ring to be-
29200 Miles; its Thicknefs is unknown, as
being too little for Obfervation; it hath a Va-
riety of Afpetts, fometimes appearing a large
Ellipfis, then a {maller; fometimes only as a
ftraight Line, and fometimes not vilible at all:
Theile are the moft remarkablé Particulars of
this Prodigy of Nature known by us; as to
the Matter of which it doth confift, that is
not known by any. I have given you a Re-
prefentation thereof in Fzg. XXV. on Plate
XV, fronting p. 187 *.

A. This is aftonithing, and full of Wonder
and Amazement indeed! But did not you fay
fomewhat of a like Nature pertained al{o to
Fupiter 2 pray what are thofe Be/ts of his you
mentioned but now ?

B. Thofe Belt-like Appearances of Fupiter
are {uppofed to adhere to, or be in the Surface
of his Body, and notat a Diftance from it, as
the Ring of Saturn is from him; they are four
or five in Number, and appear as reprefented
on Jupiter'sBody in Fig. XXV. on Plate XV,
fronting p. 187.

A. And, pray, what are thofe Belts {up-
pofed to be ?

B. Some haveimagined they are long Canals
of fome fluid Matter, or Water; and, becaufe
they have alfo obferved feveral dark Spots on
the Difk of Jupiter, they conclude his Surface

* The celebrated Galileo was the firft who difcovered any
thing extraordinary in the Phafis of Saturn, An. Dom. 1610,
Ocsber. But Mr. Hugens firft difcovered it to be a Ringencom-
pafing his Body at a Diftance, and publifhed it to the World,
An. 1659, in his Book called the Saturnian Syffem. See more
concerning this Phenomenon, in Dr. Gregory’s, Dr. Keill’s, and
other Books of Aftronomy ; asalfo Mr, Derbam’s dffre-T heology.

1§
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is divided into Land and Water, as that of our
Globe is, and is therefore inhabited ; as they
alfo fuppofe all other Planets are*, :

A.'Then they imagine the Planets to be fo
many Earths, or peopled Worlds ? But do not
the different Diftances of the Planers render
that impoffible, by occafioning too great Light
and Heat in fome, and too great Cold and
Darknefs in others ?

B. Their Bodies, with their feveral Organs
of Senfe,are undoubtedly {uited and adapted to
the different Conftitutions and Temperaments
of the Planets, which arethe Extremes, by the
famealmighty Power, and all-wife Providence,
which hath fuited our Bodies, &¢. to the State
of this Planet we live on, which is the mean.

A. What are the different Dimenfions,
Revolutions, Denfities, Quantities of Matter, -
Light, Heat, &¢. of the fix primary Planets,
we are difcourfing of ?

B. Thefe will be all feen to the beft Advan~
tage and compared in one general View; to
that End, I have drawn up a Synopfis of them
all together, as you here fee, all grounded on
Mr. Whiffon’s Calculations, which are the moft
moderate of any: I have moreover drawn the
fix primary Planets in their true Proportions
of Magnitude, on Plate XV, fronting p. 187.

A. Sir, It is very good ; I takeit as a great
Favour, and humbly thank you.

* T never yet could be fo lucky as to obtain a Sight of thefe
Belts and Spots in Japiter, tho’ I have ofien endeavoured it
with a Tube 12 and 16 Feet. The remarkable Spot difcovered
by Mr. Hook, in 1665, May gth, atg at Night, is that by which
the Motion of Fupirer about its Axis is determined to bein g

Hours 56,
CHAP
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Of ComeToGRAPHY, o0r t/¢ PuiLosorHY
of the CoMETS.

. AVING thus pretty largely conver(ed

with the Planets, and viewed their

various Natures, Numbers, and Affetions; let

us next, if you pleafe, difcourfe of the Comets:

And, inthe firft Place, pray tell me what the
proper Meaning of the Word Comet is ?

B. ComkeT is a Grees Word, derived of the
Verb xoudw, to havelong Locks, or wear long
dithevelled Hair ; becaufe a Comer feems to
haye as it were a long hairy Tail.

A. Pray what is the Matter or Subfance of

“a Comet 2

B. Sir Ifage Newton faith, the Bodies of Co-
mets, or blazing Stars, are {olid, compadt,
fixed, and durable Subftances; and are, in-
deed, but a different Kind of Planets, which
move about the Sun, and thine by the L*ight
of the Sun-Beams refle¢ted from them *.

A. How many Sorts of Comets are there ?

B. CoMETs receive a Divifion or Diftine-
tion on Account of the different Form of theig

T ails . Thus,

Cometa Crinstus, which cafts forth Beams
like Hazr around it.
Cometa Barbatus, having a Tail refembling
a Beard.
Cometa Enfiformis,having a Taillike a Sword.
* Principia Philof. 508,
L A. Why,
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A. Why, Sir, do the Comets appear with
blazing Tails, and no other Planet or Star do
fo?

B. This feems owing to fome peculiar
un&uous Matter in the Bodies of the Comets;
which, by their Approach to the Su#’s Lody,
is prodigioufly heated, rarefied, and made to
fly off in a fiery Vapour, on that Side oppofite
to the Sun, in the Form of along Tail, grow-
ing wider and thinner (as all fumy Vapours
do) the farther it proceeds from the Comet’s
Body. -

A. Then you {uppofe, Ifind, that the Comets
revolve about the Sun, as well as the Planets ;.
but, pray,in what Kind of Orbsdo they move?

B. They move, indeed, in ftated Periods of
Time about the Sun, in Orbs vaftly eccentric
and elliptical, but fome more, and fome lefs o,
as there Periods are longer or tfhorter. The
Forms of their remarkable cometary Orbs are
defcribed in the Solar Syftem before-going *.

A. In what Parts or Regions of the Hea-
vens do they move ? |

B. Far above our Atmofphere, or Region of
Air: Yet when they come neareft the Sun,
they all defcend within the Orb of Sazurn;
and thofe which come neareft to the Sun, are
nearer than even Mercury itfelf: Then from
the Sun, they make amazing long Excurfions
through the vaftly diftant Regions of the Uni-
verfe all Manner of Ways, and acrofs the
Orbs of the Planets. _

A. How far do you think fome of the moft

erratic Comets may rove from the Sun?
* See the parabolic Orbs of 21 Comets defcribed in Mr.
1 hifton’s Solar Syflem, or the fame epitomized in Dr. Dea-
guliers’s Courfes, Vol I,
5. D,
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B. Dr. Halley has determined the longer
Axis of the Orb of that Comet, which appear-
ed in 1680, and whofe Period is 575 Years,
to be 1382957 Parts, of which the mean Dif.
tance of the Earth from the Sun is 10000 ;
wherefore fuppofing this mean Diftance to be
81000000 Englifb Miles, then the Length of
that Comer’s Orb will be 11201951700, 7. .
above eleven thoufand and two hundred Mil-"
lions of Exg/ifh Miles; which may be eftecrmied
as {o far beyonid the Sun, the Sun being, as it
were; 1n the very Orb itfelf at the hither moft
End.

A. The Contets approaching thus near the
Sun, mutft furely be very hot; and receding
again to fuch a prodigious Diftance, muft there
be again very cold : Is it not thus, Sir 2

B. Y¢s, moft certainly: Sir Jfzac Newton
has computed the Heat of the aforefaid Co-
met, when neareft the Sun, to be 2000 Times
hotter than red-hot Iron: But Bodies thus
heated prefervetheir Heat a long Time; it is
computed that a Ball of Iron, as big as the
Globe of our Earth, would, if red-hot, require
5oocco or fifty thoufand Years to grow cold
in; but the Bodies of Comers being vaftly
greater than our Earth, can therefore never be

cold, at their greateft Diftance from the Sun*,
.(f- ﬂnd, {

* Since the Diftance of the Comet £un. 1680, Decem.8,when
it was in its Peribelior, from the Sun, was to the Diftance of the
Earth at thatTimefromthe Sun, as about 60 to 1000, the Heatof
the Sun at that Timeat the Comet was to the FHeat of our Sum-
mer Sun, as 1000000 to 36, or 28c00 to 1. But the Heat of
boiling Wateris aboutthree Times as great as the Earth con-
ceives from the Summer’s Sun ; and the Heat of red-hot Iron

L2 15
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A. And, pray, can the Places of the Comets
be found in the Zodiac, as thofe of the Pla-
nets, by Calculation ¢

- B. Yes: That indefatigable Improver of all,
Arts, Dr. Edmund Halley, has, by the Labour
of many Years, compiled a Set of Tables,
whereby the Places of above 20 Comets areto
be determined for any given Time: A Work
which will endure for ever; and for which all .
future Aftronomers muft acknowledge them-
felves indebted to this great Man *.

A. Pray what do you farther obferve con=
cerning thofc Bodies ?

B. We may obferve, that as they are dif-
covered of late Years to be hard folid Bedies,

encompafled with an Atmofphere, and revolve .
about the Sun in ftated Periods of Time;

therefore they are a Part of the Mofaic Crea-
tion, as well as other Planets, and are not to

L

be reckoned Meteors, cafually kindled and ;

fleeting inthe Air, as the ancient Philofophers
dreamed.

A. Well, to end the Difcourfe of Comets, |

pray tell me, in the laft Place, to what Ufe or |

Parpofe they may ferve ? :
B. Some conjeure they are appointed to,,
demolith planetary old Worlds, and to fupply

is three or four Times as much as that of boiling Water ; and
therefore the Heat which dry Farth would conceive from the
folar Rays at the Comet i Peribeliois near 2000 ‘T'imes greater
than red-hot Iron. And therefore with {o great a Heat Fapour s,
Exbalations, and all wolatile Matter, muft needs beimmediately
confumed and diffipated. Neawfon’s Prinéip. in Loco citato.

L

i |

ir

*'This Syuopfis of Cometary Afironomyby Dr. E. Halleyis ex-

cellently well explained by Mr, Whiften, at the'_Eﬁd'dfhié_'_
Geom, Le€lures. : i oviipgfl
o ' Materials

]
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Materials again for building them anew;
others, that they are fo many Hells to punifh
the Damned withy perpetual Viciflitudes of
intolerable Heat add Cold ; but all is uncer-
tain *,

G LR R LA B

- ASTROGRAPHY, or the PHILOSOPHY of tbe
fixed STARs.

A YT\ O you not mean by frography,
the Science or natural Knowledge
of the fixed Stars? |
B. Yes: It being compofed of the Greek
Words, a¢por, a Star, and opzon a Deferip=
Zion (as bath been faid often before) whence
it fignifies a porlofophical Defeription of the
Jixed Stars.
A. Pleafe to tell me why they are called

fixed Stars ¢ _
_ B. They are fo called, in Oppofition to the
Planets,or moving Stars ; becaufe thefe always

* The latter is Mr. #biffon’s Opinion, as may be f{een in his
Aftrounom. Princip. of Religion,

See much more of Comets in Newton’s Prin. Math, Phils/.
Lib. IIL Prop. 40, 41, 42. Dr. Gregory's dfirenomy, Book V.
Dr. Keill’s Afiron. Le&. v7. Dr. Halley’s Synop. of the dffron. of
Comets. Mr. iWbifion’s Aftvon. Printiples of Religion. Mr. Der-
ban’s Affro-Theology. Robault’s Phyfics, Part 11. Chap. 26, with
Dr. Clarke’s Notes thercon,. Foan. Clerici Flyfica, Lib. 1.
Cap. 11. La Bibliotheque des Philofophes, Tome prem. Page
362. L’Hiffoire Naturelle de PUniverfe, Tom. 1. Partiel. Chap.
2. Inftitutio Philof. Tom. I1L. § 2. Dr. Cheney’s Philof. Princip.
Parc I. Chap. 5. § 18 Regnanlt’s Philof. Converfat.Vol. IIL
Converl. zo. Page 283. with Mr Da’s’s Notes thereon. The
Authors cited in Fobnfon’s Philsf. Queflions,Page 129, 130, 131.
Dr. Harris’s Lexicon, and Chamb. Di&ion, under the Word Coa-
wet. Di\ Defaguiiers's Courfe, Vol. 1. Page 409, 410, 411.

| it kesp
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keep the fame Place in the Heaven, and do
not feem to move for many Ages together,

4. Butby this, I think, you imply they
have fome Motion ? 3 |

B. The Motion of the fixed Stars is very
{mall, not exceeding 50”of a Degreein a Year,
or one Degreein 70 Years ; and therefore to
compleat one Revolution of a Circle is required
25920 Years; after which Time the Szars all
return again to their former Places ; This Pe-
riod of Time they call the Great or Platonjc
Year, in ancient Times; and imagined, when
it was finithed, all Things would begin again
anew, and return in the fame Order they do
now. ' : '

A. I underftand by what you faid of the
diurnal Rotation of the Earth, that the Motion
of the Stars from Eafito Weft each Night, is
ouly dn apparent one; but the Motion you
{peak of now, I prefume,is a rea/and proper
Motion of the Stars; is it not? :

B. No, Sir, even this is not real, but ap-
parent; being occafioned by a certain contrary
cqual Motion of the Earth, arifing from the

Spheroidical Figure thereof, which Figure alfo
arifeth from the Rotation of the Earth about
1ts Axis %, |

4. Thus much of the Motion of the fixed
Stars ; pray what do you think of their Num-
ber, is it not infinite ?

* This isconfirmed by Experiment ; for if a large Armillary
Sphere be made to turn very {wiftly about an Axis, the faid
Sphere will very vifibly fweil out and become more extended
in and about the Equatorial Farts, and atthe fame Time be
contrafted and fink from the Poles ; which will occafion the
Sphere to puton an oblate or fphervidical Form, fuch as is here
afciibed to the Earth on Account of its rapid diurnal Motion.
See Dr. Keill's dfiron. LeQ. VIIIL Page 77, 78, 76,

5 2B, If
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B. If theyare not infinite, they are certain-
ly innumerable; for with a good Telefeope they
appear Millions beyond Millions, till by theu‘
immenfe Diftance they evade the Slght as af-
fifted with the beft Inftruments; but then do
not miftake, thofe which are vifible to your
naked Eye, are (in the moft ferene Night) but
a few, notabove threeor four Hundred.

A. No! That is a ftrange Doétrine! Do
not everv Man’s Eyes declare them innume-
rable? And doth not the Scripture al{o affirm
the fame ?

B. 1 know People are not eaﬁly pari’uaded
te believe this new Notion of the Number of
the Stars which are vifible, but it is founded
on Demonftration; the Eye is deceived by the
vehement T'winkling, and confufed Appearance
of the Stars: And as to the Scripture, it
{peaketh of the Szars hyperbolically, or elfeit
meaneth the invifible S¢ars, as well as thofe
that are vifible; and then, indeed, they are
numberlefs, asI {aid before.

A. Pray how do you know the Number of
the vifible Szars 1s {o fmall ¢

B. By aftronomical Obfervations for manv
hundred Years paft, and the Catalogues which

have been feveral Times taken of them.

A Catalogues! what, I pray you, of the
Stars ¢

B. Yes, the fixed Stars have been lcang fince
regiftered in the Records of Aftronomy: Hip-

parchus, the Rbodian, about 120 Years before

Chrift, was the firft who made a Catalogue

- of the Stars; his contained o022 : After him,

Ptolemny enlarged this Catalogue to 1026 : U-
lug Beighi, the Grandfather of Tamerlane the
L 4 Great,
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Great, madea Catalogue of 1017 Stars: Ty~
¢to determined the Places of 777 fixed Stars,
and reduced them to a Catalogue : Kepler’s
Catalogue contained 1:163: The Prince of
Heffe's Catalogue was of 400 Stars: the Fes
Juir Ricciolus enlarged Kepler’'s Catalogue to
1468 : It is faid allo that one Bayerus had de-
fcribed the Places of 1725 : After this, Heves
lius of Dantzick compofed a new Catalogue of
1888 : But the largeft and moft compleat Ca-
talogue ever yet publifhed of the fixed Stary,
is that of Mr. Flamflead, in his Celeftial Hifto-
ry, which contains near three thoufand Stars;
all whofe Places 2nd Situations are far better,
and more exactly determined in the Heavens,
than the Pofition of many Cities on Earth
_throvgh which Travellers daily pafs *

A. Well, confidering the many hundred of
Years Obfervation on the Stars, and the various
Catalogues made thereof which you have now
related ;3 and confidering the moft compleat
contains not above 3000 Stary, tho’ affifted by
the longeft and beft Glaffes; I am obliged to
amnuwledge MYy erroneous Notion of the great
Number of the vifible ones ; and fhall next, if

* What I have here afferted concerning the fmall Number
of the @wifibleStars,and the Catalogues of tEem is upon the Au.
thority of no lefs a Man than that excellent Aftronomer Dr,
Keill. See his dffronom. Left. VI, Page 51. 52, £3, ¢4, where
m? has thefe Words— Of the 3co0 Stars in Mr. Flamflead's Ca«
talogue, itisfeldom that a @ery good Eye can reckon more than
omng }rmﬂ'r{drugr.lhtr And, if | miftake not grf:at]v, the fa-
mous Fila .ug‘?md himfelf does,in his Hifforia Carlefis, poﬂtwe]y
affert, that the naked Eye cannot difcover above 384 Stars in
the ferenelt Nightin both the Hemifpheres. And the Reader,
if he thinks fit to take on him the Trouble of counting the
vifible Stars, will need no other Reafon to convince him of hisg
Ilifiake ia this Matter.

}*ﬂ-u
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you pleafe, afk your Opinion concerning their
Diftance from us ?

B. Their Diftance ! Alas,you can hardly en-
quire about a Thing more unknown, or more
incredible, than whatisbut imperfectly known
thereof ; however, to fatisfy you, take the fol-
lowing Account:. The famous Hugens found
the brighteft and large(t, and, of Courfe, the
neareft of all the fixed Stars, viz. Syrius, to be
in Appearance 27664 Times lefs thantheSun;
and fince their Diftances are greater, as their
Magnitudes are leffer, therefore this Szar muft
be at the Rate of 2000000000000, 7. ¢. above
twe Idillions of Millions of Englifh Miles;
which is fo very great, that a Cannon-Ball
would fpendalmoft 700000;7. e. fevenhundred
Thoufand Yearsin pafling through it; and it is
very probable, that all fixed Stars are equally
diftant from each other, in Proportion to the
Diftance of the neareit of them from our Sun.

A. What are the Grounds of this your
Opinion ?

B. By the Smallnefs of their Appearance
thro’ the beft Glafles, and the different Degrees
thereof,I am induced to believe, that they are
not only as far diftant from each other as from
our Sun ; but alfo, that each fixed Szar is a Sun,
furrounded by a Syftem of Plarets and Comets,
and thofe again farnithed with different Nam-
bers of Moons, all in the fame Analogy, Order,
and Proportions of Number, Size, and Glory,
as we behold in thofe of our own Sclar Syftem.

A. Ol amazing and ftupendous Scene! Suns

without Number, and Worlds turningup upon
Worlds!
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Worlds ! Syftems of moving Orbs immenfely
great, yet invifible to our Eyes; all inhabited
and difperfed thro’ all the diftant Realms of
univerfal Space! I am almoft loft, yea, quite
confufed in my Conceptions ; but, pray, on
what does fuch a glorious Hypothefis depend ?

B. On Ratiocination, and divers aftronomi-
cal Obfervations. We reafon thus; our Sun
thineth by its own native Light, fo do the
Stars ; ergo, they are Suns. The Sun at the
Diftance of a fixed Szar would appear no lar-
ger than a Star; ergo, a fixed Star may be as
large as the Sun. None of our Planets at that
Diftance could be feen at all ; ergo, each Star
may have a Syftem of Planets, tho’ unfeen.
God hath made nothing in vain /Axiom 1)
but nothing is more vain thanto pretend My-
riads of unieen Stars were made to twinkle un-
heeded in the unfeen, unknown Regions of the
Univerfe; ergo, they {everally ferve the noble
Purpofes of Light and Heat for the Planets of
their Sy(tems. As to Obfervation, it is well
known how Szars appear and difappear after
certain Intervals; what can this be but the Al-
mighty’s Hand extinguifhing old,and kindling
new Suns? Demolithing old, and erecting new
Syftemsof Worlds ? Andfuch undoubtedly was
the Cafe of cur Worid, and planetary Syftem,
in the Mpyfazc Creation. Our Sun juft made,
would have been a new fixed Szar juit appear-
ing to an Eyein any of the neareft Szars; fome
of our Comets alfo may there appear new Stars,
when in their Apbelia, but in their Return to
their Peribelia, difappear again: Thusalfo fome
' of
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of our new Stars may be, and doubtlefs are
Comets (belonging tofome Sun) in theirutmoft
Excurﬁnns, which upon their Return difap-
pearagain : Thefe new and extinguifhed Szars,
are generally in the Galaxy, or Milky-way ;
but why there more than elfewhere, unlefs be=~
caufe thﬁﬂ, Parts, being replenifhed with a far
greater Number of Suns, give of Courfe more
frequent Occafions of thefe Phenomena. Alfo
it is well known, that the Mi/ky-Way hath its
Complexion from the united Luftre of an in-
finite Number of fixed Stars, or Suns, in thofe
Parts of the Expanfe, which go by that Name:
I'rom all this it apppears, that the Hypothefis
of a Plurality of Worlds is rational, worthy a
Philofopher, and greatly difplays the Wifdom,
and redounds to the Glory of the great Creator
and Governor *.

sk

. A new Staris faid to have been obferved by Hipparchus,
but :15 Place in the Heavens was not left upon Record.
* 2. On Newenmber the 8th, 1572, a new Star was obferved to
appearin the Chair of Caffiopeia, by Cornelius Gemma; it was
feen by 7ycho Brabethe 11th of the fame Month, and in March
1574 1t became extinct.

3. In Ana. 1640, Sept. 30, the Scholars of Kepler faw a new
Star near the right Leg of Serpentarias, which gradually difap-
peared,and was wholly invifible Fan. 1641-2. Note, Thefeswo
Appeared with the Luftre of Fenus or Tupiter, and not as the fol-
Iowing ; and are therefore thought to be of a different Species.
" 4. In the Year 1296, Aug. 3, David Fabricins gives the firlt
Account of the Stella Maria, or wonderful Star, in the Neck of
the Whale; which has been fince found to appear and difappear
peri mc'u;allv its Period being feven Revolutions in fix Years,
an::l is never entirely extinguoifhed.

5. Inthe Year 16c0, William Fanfonius dilcovered another
new Starin the Neck of the Sawan. This in Time became fo
{nall, as to be thought to difappear entirely, till the Years
lﬁrq;, 58, and 59, when it recovered its former Magm:uci&,

bm: 1t toon after de-:a} ed, and is now one of the leaft Size.
6. In
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A. I now fee no Reafon to hefitate about the
Trath of this new and noble Do&rine ; which
fo enlargeth our View of the wonderful Works
of infinite Wifdom, by putting the Univerfe

6. In the Year 1670, Fuly 15, O. S. Hewelius difcovered g
new Star, which in O&sber was E) decayed, as to be {carce per-
ceptible. In Aprilfollowing it regainedits Luftre, but wholly
difappeared about the Middle of Auguff, In March 1672, it was
feen again, but very {fmall; fince when, it has been no far-
ther vifible. :

7- The fixth and laft new Star was difcovered by Mr. G.
Kirch, in the Year 1686, which returns periodically a!ite;r the
Space of 4041 Days. And thefe are all the remarkable news
Stars for 160 Years paft. :

8, There are in the Heavens feveral Jucid Spots, called Nebu-
le, from their mifly dppearance ; they appear to the naked Eye as
adim fixed Sta'r,gutt 110’ a Telefeope they appear a broadillu-
minated Space of Atker ; in fome of which thereisafmall Star,
in others more. Of thefe Nebulz there are fix difcovered, wiz.

9. The firft and moft confiderable in Orion’s Sword, at pre-
fent, isin I 59°¢"' South Lat. 28° 45’ About the Year
1661, another was difcovered in fadromeda’s Girdle. Its Long.
15 T 24" o, and Lat. N.-33° 20",

10: The 3dwas difcovered in the Year 1665, and is in Long,
V¥ 4" 30' and Lat. S. 3° 30"

1i. The 4th was dilcovered by Dr. Halley, 1677, in the
Southern Hemifphere, and never rifes in England.

12. The gth was difcovered by Mr. Kirch, in 1681. Its
Long. is ¥f 9” o', Lat. 172 10’ North.

13. The 6th and laft was difcovered by Dr. Halley, in 1714 ;
its Plaee is near i 26° 30’, with 57° o’N. Latitude. See the
Piil. Tranf. N° 346, 347, and feveral other Numbers.

14. The Conitellation called the Pfeiades, or feven Stars, con=-
tainsno lefs than 70 or 8o Stars vifible in the Telefcope ; and
when 1 had placed alarge Telefcope againit one afﬂ‘:e nebu-
Joas Stars, the Glafs was fo full of very {mall Stars, that the
could not be numbered. From all this, I'think itis perfe&ly cer-
tain,that the whole Univerfe is réplete with numberle(s Worlds,
and Realms of Light of eternal Day, which are intercepted
from our Sightby the dufky Regions of our Planetary Syftem.

t5. See more on this Subject in Bifhop Wilkinss World in
the Moon. Fontenelle's Plurality of Worlds, Even., V. Hupens's
Pianetary Syfiem. Mr, Devhant's Afro-Theolegy, Introduétion ;
and various other Wiiters of Aftronomy.

4 into
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Modern Philofophy.
PAR T UL

AEROLOGY:

CONTAINING,

I. The Philofophy of the A¢mofpbere, or Air.
I1. The Philofophy of the #inds.

III. The Philofophy of the Mezeors.

IV. The Philofophy of celeftial Appearances.

Explaining what is hitherto known of their Narure, Caufes,
Properties, and Effests.

-l

(33 5 I 1 SRt 1)

Of AEROLOGY in general, or the PHILOSOPHY
of AR, fhewing its wonderful NATURE,
PRoOPERTIES and EFrecTs.

A RAY, Sir, what is the original Sig-
nification of Aerology 2
B. It 1s a Word compounded of anpy Airs
and Aclos, @ Difcourfe; and therefore imports
a philofophical Di/courfe of the Air.
A. What are we to underftand by .Air 2
B. Thatinvifible fluid Subftance which en-
compafieth the Earth on every Side, which con-
tains




Of the Air, its various Properties. 1+ g

tains the Vapours, Clouds, and other Meteors,
and in which all living Creatures breathe ; the
whole Body of which is called the Atmaofpbere.

A. Pleafe, Sir, to let me know why it is

called the Atmofpbere 2

B. From the two Greek Words, eTmes a
Vapour, and coaipa a Sphere; fo that Atmo-
Jpbere, in native Englifh, is a round Body of
Vapours ; and fuch is the Air furrounding the
Earth, as being conftantly replete with 7%z~
~ pours exhaled by the Sun’s Rays. *

<. What are the principal Properties of the
iy 2

B. Thefe which follow: 1. Their is fluid,
yet cannot be congealed like Water., 2. It is
pellucid or tranfparent to that Degree, as to be
mvifible. - 3. It may be rarefied and condenfed.
4. It 1s endued with an elaftic Power or Force.
5. It hath eight or Gravity. 6. Ithath proper
Bounds or Limits, and is not infinite. 7. It is
neceflary to Life, Flame, Sound, Light, &ec.

A. How do you know the Air is a Fluid?

B. It hath all the Properties of a Fluid ; Is
corporeal, heavy ; its Parts yield to any Force
imprefled, and are eafily moved one among(t
another; it prefleth in Proportion toits Height,
and the Preflure is every Way equal: It is
evident, therefore, that it ought to be reckoned
a Fluid.

A. What is the Reafon the 4iris {o tranf-
parent, asto be invifible ? '

B. Becaufe of the great Porofity thereof ;
the Pores and Interftices of 4ir being fo very
great and large, it admits the Light not only
in right Lines, but in fuch great and plentiful

Rays,
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Rays, that the Brightne(s and univerfal Lultee
thereof, not only renders the Az diaphanous,
but entirely hinders the Opacity of the very
fmall Particles of Air from being atall feen;
and therefore the whole Body of A muft
confequently be invifible.

A. You obferved next, the s hath the
Property of being rarefied and condenfed ;

ray how is this demonftrated ? -~ -

B. That 4ir may be rarefied, is proved [e-
veral Ways; as thus, if you take a Bladder,
_entirely empty as you think, and tie its Neck.
with a Thread, and lay it before the Fire, the
Heat will fo rarefy the little inclofed LA, a3
to make it extend the Bladder to its utmoft
Stretch, and, if continued, will break thro’it
with the Report of 2 Gun: Alfo, that Air
may be fo condenfed by Art, as to take up but
s th Part of . the Space it poffefled before, is
proved by various Experiments ®. - |

# Since the Airis compreffed by the Weight of the incum-
" bent Atmofphere, and the Denfity of Air is proportionable to |
the Forcecomprefling it, it follows by Compuration, that at
the Height of about feven Miles from the Earth, the Airis four
Times rarer than at the Surface; and at the Height of 14 -
Miles, it is 16 Times racer than at the Surface; and at the
Height of 21, 28, or 35 Miles, it is refpectively 64, 256,
or 10z4 Times raver; and at the Height of 70, 140,
and 210 Miles, it is about 1000700, 100Q0CC080000, OF
160000260300 -000coo; and fo on in a geometrical Proportion
of Rarity, compared with the arithmetical Proportion of
its Height,  Neavtor’s Optics, Page 342. v

Moft Authors hLold Air to be comprefiible Ju infinitunts
Heat rarcfies, and Cold condenfes the Air, the moft of any
Agents whatfoever. ' : :

It has been foundthat Air, by thebare Force of its Spring,
will dilate itfelfinto 13000 Times the Space it pofleffes under

the Prefiure of the Atmofphere; and fince it may be com-
preifed into 60 Times 2 lefs Space than that, it plaig it may
poflefs aSpace of 78coco. Times greater &t one Time than

another ; for 13c00Xbo=780000, %
A. Pray
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. Pray how do you prove the 4i’s Ela-
fticity ? “

B. By various Experimentsofthe Air Pump,
and otherwife : One very plain, is thus; an
empty Bladder, whofe Neck is faft tied, being
put into the Receiver, and the external 4:r
therein exhaufted, the fmall Matter of the in-
clofed Air will, by its own proper Spring or
etaflic Force, gradually expand itfelf, and at laft
will fo extend the Bladder as to break it: Thus
alfo, the Air comprefled in the W#ind-Gun
will by its elaftic Force (being difcharged)
drive a Bullet through a Board at the Diftance
of feveral Yards, in the fame Manner as with
Gunpowder : Yea, Mr. Boyle hath found that
Air by its Spring, or Elafticity, will fo far di-
late or expand itfelf, as. to take up 13769
Times a greater Space than before : This Power
of Elafficity is as the Denfity of the Air ¥,

- L) 119 A. Pray

* 1. Theartificial Fountain, or Fet &’ Eau, is not only a fuffi-
cient Proof, but a very pretty Effef? of the Air's elaffic Force; {ce
Fig. LIV. on Plate XII, frounting p. 153. Where the Veflel
ABDE has a TubeorPipe DB fixed therein, and communicates
with the internal Part or Body A B; thePart B'is filled with Wa-
ter,and theother Part A with Air, by Means of an injeting Sy-
ringe fcrewed on 2t €. The Air thus crouded inand condenfed
in the Part A, prefles very hard on the Water B, and forces it up
the Tube to D, where the Cock being turned, it fpouts up-
right with great Celerity, in a {fmall Stream to the Height H,
where being broke and divided by the Refiftance of Air, it
falls downin a Mi#, or Drops, like Rain, Ofthefe Fountains
divers Sorts may be found defcribed in Awthors, particularly
in Mr. Step. Sawitzer’s Introd. to Hydroftatics and Hydraulics.

2. To this Property of Airis cwing the #zcrum madein a Re-
ceiver placed on an Air-Pump. For when the Air contained in
the Barrels a, a,is drawn out by the Embolie, e, the Air remain-
ing in the Receiver o, o, dilating and expanding itfelf by this
Power, rafhes through the Pipe £, 4, to fill the Zacuity of the

M Barrels,
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A. Pray how do you become acquainted
- with the 4i’s Gravity ?
B. By

Rarrels, whichis again drawn out, and the Air in the Receiver
again dilates to replenifh the Barrels; and by fuch a Procefs the
Alris rarefied to fuch a Degree, as to caufe moft of the Appear-
ances and Effels of an abfolnte Pacunm; and thisisindicated by
the Mercary rifing in the Tube /by the Preflure of external Air.
3. 1 {hall here take Notice of that Parwvum Nature Miracu-
fum, (as Robault callsit) or little Miracle of Nature; | mean the
Lachiyma ot Prufliaor Holland, fometimes called Prince Rupert’s
Dygp, and in common, the Glafi-Tear.  See its Form in Fig.
LV. on Plate X11, frontingp. 153. The Manner of making
itis thus : With a Tubethey take up a littleof the melted Mat-
ter of Glafs, and letitdrop thence red hot into aPail of Water,
by which Means it receives its Form, and is folid throughout,
exceptthatnow andthen a few Air-Bubbles may appeartherein.
4. This is the Nodus Philsfopherum, or that which gives Phi-
lofophers the greateft Difliculty and Anxiety to account for its
peculiar Property, which is, that the biggelt Part or Head of
the Tear A will fuftain the Stroke of an Hammer without
breaking ; but if the little End or Tail B be broke, the whole
Tear will fly into Duft at once, with the greateft Violence,
and caufe confiderable Pain to the Fingers which break it.
<. Some particular Circumitances render the Drop incapable
of this furprizing Property. As, (1.) Ifthe Tear be cooled inthe
Air,itwillnotbreak. (2.) Thofe whichare nealed will not break.
(3.) Ifihey areground away on a Grindftone, nothing extraor-
nary happens.On the contrary,if it be putinto an Air-Pump,
and there broke, the FEffe& will be {o greatasto produce Light.
6. Some fuppofe this Effe& of the Tear is produced by a fine
Air, which being pent up in the Body of the Tear,and fuddenly
pafling into the open Pores of the broken Tail, runs rapidly in-
t0 a thoufand fmall Cells, which grow narrower from the Mid-
dle towards the Extremiiies, which the Irruption of the Air
drives afunder violently by the Efficacy of its Spring and accele-
rated Motien. Sce Regnault’s Phil. Converf, Vol. I. Conv. 24.
7. Dv. Clarke’s Opinion is, that Glafs being a {pringy Sub-
fiance, it is probable the Glafs Drop is broke much after the
{ame Manner as a Steel-bow fometimes burfls in Pieces, when
it is loofened on a fudden, wiz. by the too great Celerity and
Force of thatMotion. which arifes from the mutual Attraétion
i its Parts.  For its Parts from the Centre to the Circumfe-
rence feem to be like fo many Bows bent. And thence perhaps
itis, thatafter it is burlk to Pieces, its Pifares are difpofed

Like
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B. By Experiments of the Air-Pump, Baro-
meter, c. The Weight of the Air is greater,®
the nearer it is to the Earth’s Surface: The
Mercury, by the Preflure of the Air, is raifed .
1n the Barometer to the Height of 23, 29, 30,
or 31 Inches; therefore fuch a Column of
Mercury is equal in Weight to a Column of
Air (of an equal Bafis) which proceeds from
the Mercury in the Tube to the uppermolft
Part of the Aemofpbere : Alfo, becaufe Mer- .
cury 1s about 14 Times heavier than Water,

like fo many Radiidrawn from the Axis to the Superficies, as
Mr. Huoke oblerved in a Glafs Drop covered over with Glue.
Notes on Robault’s Phyf. Part. [. Cap. 22. ad Art. 52. See
Hooke’s Microg. Obferv, 7. and Abundance in Starmins’s Col-
legium Curiofium, : .

8. The Phauomenon of the little Glafi- Men, &e. afcending
and defcending in a little Glafs Tube of Water, (as AB, Fig.
LVI. on Plare X1V, fronting p. 179) at the Word of Com- |
mand, which looks like a Piece of Conjuration to the Vulgar,
15 entirely owing to the Elatticity or Spring of the. Air,

9. For thelfe Men being blowed hollow, are thereby rendered
{pecifically lighter than Water, and will fwim ia it ; and hav-
ing a fmall Hole in one Foot, and a Bladder b:ing tied over
the Top of the Tube, as C, if this be preffed with the Fingers,
the included Air by its Spring will equally prefs the Water,

“which will enter and comprefs the Airin the Men, and there-
by render them heavier in any Degree. If they are by this
Means brought to be of equal Gravity with the Water, they
will abidein any Situationtherein; if they are rendered heavier
by prefling the Bladder harder; they will defcend ; then the Fin-
gers being taken off, or the Preflure diminifhed, the Sprin¥ of
the i-u:lufed compreflfed Air forces the Water out of the Men,
and thus becoming lighter, they afcend to the Top ; all which
Motions are to be varied in any Degreeof @uickne/s or Shawvne/s
the Performer fhall pleafe,which renders it the more furprifng.

1. The Spring of the Air is of a peculiar Nature, for the
Time of its Exertion will not alter it, as it does that of Wesd or
Steel: For Mr. de Roberwal, of the Royal Academy of Sciznces,
having let his ir-Gun remain charged with conden/fed Air fix-
teen Years, found, on difcharging the Gun, that the Air’s
elaftic Force was not at all abated, but produced the fame
Eflect as at firlt. Hiff, de I Acad. 1695, Page 368,

: M =z therefore

-
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therefore Water will rife in a Tube to 32 or
33 Feet in Height; and therefore every Square
Foot in any Superficies {uftains the Weight of
a Column of Water of 32 or 33 folid Feet :
Now a Cubic Foot of Water weighs about 63
Pounds, hence the Weight of . A4ir on every

fuperficial Square Foot, is above 2000 Pound
Weight *, A. And,

* 3. By the Grawity of the Air we receive fome of the greateft
Advantages of Life ; particularly from thence is deduced the
Invention and Confiruétion of the moft ufeful Inftruments, En-
ginesand Machines, ufed in all Kind of Fire and Water-works.

2. From thence arifes the Ufe and Power of that moft necef-
fary Engine the 4»t/ia, or Pump, which is faid to be the In-
wvention of Crefebes, a Mathematician of dlexandria, about 120
Years before Chrift. Of thefe there are many Sorts; the com-
mon and moft ufetul one confiftsofa Pipe AB (fee Fig. LVIIL.
on Plate XIV, fronting . 179) open at both Ends, of which
the End B isfetin Water ; toward the lower Part at C is placed
a Clack or Valve, opening upwards; in the Part of the Tube
above works a Pifton ED juft as big as the Bore of the Tube or
Pipe, inwhich alfois a Valve opening upwards; this Part D
1s called the Bucker,

. Now the Reafon of the Pump’s Performance is plain; for
when the Pifton is forced down, {o as that the Bucket D may
touch the Frame of the Valveat C, and Water be poured in to
fill the upper Part from A to C; then if the Pifton be raifed
from Cto D, it will lift up a Column of Water equal to the
Part of the Pipe between C and D, which therefore muft ron
out at the Spout of the Ciftern at A.

4. Alfoatthe fame Time there is a Pacuwm made between C
and D, whichis immediately filled by the Water rufhing through
the Hole at C, by the Force of thePreflure ofthe Atmofphere on
the Superficies thereof without the Pipe. The Pifton bein
again thruft down, the Water between Cand D goes throu
the Hole of its Bucket, and clofing the Valve with its Weight,
is raifed into the Ciftern where the Pifton is drawn upwards,
and there runs oot as before, and thus the A&ion of the Pump
may be continued in raifing Water as long as you pleafe.

5. On the Grawity and Elaflicity of the Air together, depends
the Theory of the Fire-Engine in common Ufe. But this has -
been improved to produce a continual Stream in the Manner
as reprefented in Fig, LVII. on Plate XIV, fronting p. 179,
which I fhall here defcribe. AB is the Frameor Body of the En-

gine; CC is a ftrong metal Veflel, which is elofe on the Top,

but
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A. And, pray, what do you infer from
thence ?

B. Why thence it appears, that if we allow
the whole Surface of a Man’s Body (of fix Feet

Stature) to be about 14 {quare Feet, then the
‘ Weight

but communicates with two forcing Pumps, or Barrels D and
E, at the lower Part; whole Piltons are worked with a com-
mon double Lever FG moving to the Centre H ; the Engine
is filled with Water ftrained through the Grate NN, which by
the Preflure of the Atmofphere is forced into the Barrel D and
E, when the Piftons are raifed up, and a #acuum thereby made
in them in working the Engine.

6. In the prefent Figure, the Sucker in the Barrel D if drawn
up, and the Water rufhing in through the Valve at K, while in
the other Barrel E, the Piiton is forced down, and the Water
forced through a fmall Paflage againft a Valve L, which
opens and gives it Admittance into the large Veffel CC.

7. The Water being thus forced intothe faid Veflel contina-
ally by the alternate A&ion of the Piftons, does violently com-
prefs the Air in the upper Part of the Veffel at O, which by
its Spring re-alts on the Surface of the contained Water, and
forces it to afcend the Orifice of a fmall Tube P fixed to the
Side of the Veflel ; the upper End of this Tube communicates
withalong leathern Pipe Qaffixed thereto at O, through the Top
of which, at R, the Water fpouts with great Farce in a continual
Stream, which is diretted by a Perfon at §, to the Fire, or any
other Place, as Occafion requires. All which is plain in the
Figure which I have taken from Mr. Clare’s Plate 111, in his
Motion of Fluids ; though I have feen a much better Con-
ftruction of this Engine Ey an Artificer in this City ; and wilh
I had a Draught of that to prefent inftead of this.

8, On this Principle it is, that the Mercury or Quickfilverrifes
to the Height of near 31 Inches in the Barometer; for the Pref=
fure of the Atmofphere forces fo much Quickfilver into the Va-
cuum of the Tubeas will counterbalance its Power, as is evident
from the Conftruttion of this Inftrument in Note t in Page z5

9. The Syphon or Crane has from hence alfo its Ufe ; fee Fig.
LIX. on Plage XIV, fronting p. 179. For the End A being
immerfed in a Veflel of Water, if the Air be exhaufted from -
the Syphon at the Pipe D, the Water in the Veflel, by the Pref-
fure of the Air on its Surface, will inftantly rifeand fill the Ca-
vity of the Syphon : Now if the other End of the Syphon were
at € in an horizontal Level with the End A, then the Preflure
of the Air on each End would be equal, and confequently the
Water would be fuftained in the Tubg without runping ontatC.

M ; 10. But
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Weight of Air prefiing on the Body of fuch a
Man is equal to 28cco Pouuds, or 250 Hun-
dred Weight; thatis, 12 Tonand a Half : Alfo,
fince the Number of fquare Miles on the
Earth’s Superficies 1s computed 199250203,
~and in one f{quare Mile are 27878400
fquare Feet, the fquare Feet on the
Earth’s Superficies will be fomewhat above
5547800000000000; whence the Weight of

10. But fince the Part BE is longer than the Part BA by the
Length CE, and the Cylinder of Water CE being far more
heavy than the fame Cylinder of Air, it is plain the Preffure of
the Air, or its Effeét at the Point C, is thereby verv much
weakened and abated, and therefore the Equilibrium in the
Point B being thus deftroyed, the Water will run over and flow
towards E. 4

11. By the Preffare of the Air it is that Water in Refervoirs
is forced to enter'the Conduit Pipes, and is.thereby carried to
any Conduit, Houfe, or other Flace, below the horizontal Le-
vel of the Surface of the Water in the Rgferwoir or Fountain,
be thre Diftance what itwill.” =" = .7 = q
" 12, The Fire rarefying and attenuating the Airin the Chim-
nies, caufes it toafcend the Funnel, while the Air in the Room,
by the Preflure of the Armofplere, is forced to fupply the Va-
cancy, rufhes into the Chimney in a conftant Torrent, excites
the Fire to burn with great Vehemence in Stoves, and buoys .
up the Smolke aloft in the fuperior Air.

13. Nor does that common Uteniil, the Be/loavs, at on any
other Principle than the Prefire of the Air ; for the upper Part
being lifted up, raifes the Column of Air off the bottom Part,
and thus making a Pacium within, the Air rulhes in through
the Hole in the lower Part, and being comprefled by forcin
down the upper, it fhuts clofe the Valve within, is Prntrudt§
with great Force and Violence through the Pipe or Nofe of
the Bellows, See a Calculation of this Kind in Mr. Hales’s
Statical Effays, Vol. II. Page 329, 330. ' ;

14. Thelalt Efe&t of the Air’s Grawity | fhall here mention,is
the moft important ofall, as being the immediate Inftrament of
Life, T mean the Ats of In/piration and Expirationin Animals;
forin the Dilatation ofthe Thorax, the Air by the Preflire of the
Aimfpiere is forced into the Cavity of the Lungs, which
we are then faid to &reathe in, or infpire; but when the Maufcles
contra, the Airis expelied, and weare then faid to-breathe it
gut,or expireit. And this alternate Actionof the Lungsis main-
tained by the 4ir’s Preflire, and is abfolutely neceflary to Life,

the
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the. whole Atmofphere, or its Preflure on the
Superficies of the whole Earth is more than
1109 56000000000000c0 Founds, or much
about so000cooc00000000 Tons; that is,
the Atmofphere comprefleth the Earth with a
Force, or Power, nearly equal to that of Five
thoufand Millions of Millions of Tons. -

A.This is extremely wonderful! But, pray,
how happens it that Man, Beafts, Houfes,
&e. are not cruthed to Pieces, if they are pref-
fed with fuch an intolerable Weight of Air 2

B. By the Equilibrium of the internal Air,
or the Air within all Bodies; which though
it be fmall, and not worth naming, yet can
balance, refift, and equiponderate the Forceof
the external ir, (as is proved by various Ex-
periments) how great a Quantity foever it be :
The Experiments of the Air-Pump which
confirm this are very furprifing.

A. T think, Sir, all you have faid of the
Weight and Gravity .of the Atmofplere, or
Ay 1s full of Aftonithment; can you tell
any Thing of the Height of it 2

-B.Nothingcertainly can bedetermined about
that, becaufe the higher you go, the rarer the
Air 1s; and there being no certain Means to
determinein what Proportion the 4/» becomes
rarerand rarer through the whole Extent there-
of, there can of Courfe be no precife Account
of its Altitude: However, they compute the
Air at the Height of 42 Miles, to be 4096
Times more rare, or thin, than with us; and
this being next to nothing, the Height of the
Air may be reckoned about 40, or 45 Miles,

M 4 Agrecably
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Agreeably hercto, Dr. Kez// hath calculatec
its Height to be 44 Miles by an Obfervation
of the T'wilight *.

A. Pray what other very remarkable Pro-
perties hath the Air 2

B. Itis not only the Means, but as it were
the Matter of Lifedtfelf, and therefore abfo-
lutely neceflary.

A. How do you fhew it to be the Means
of Life ?

B. By putting certain Animals into the ex-
haufted Receiver ; where it is-furprifing to fee
the Effects of withdrawing the Air by the
Pump on the Bodies of thofe Creatures: You
will thus fee Dogs, Cats, Rats, Mice, &c. turn
up and expire in half a Minute, and look ex-
tremely thin and meagre: A Mo/e dieth in one
Minute: Infeéts, as Wafps, Bees, Hornets,
Grafhoppers, &c. in two Minutes feem dead;
and will continue 2 whole Day and Night
without Air, and afterwards revive in open
Air : Earawigs, Beetles, Snails, &c. endure
the Air-Pump prodigioufly ; and Frogs will
longer preferve their Lives 7z Pucuo, than
Toads ; yea, thofe invifible Animalcules in
Pepper-water, will revive in the open Air,
after having lain 24 Hours in Vacuo +.

A. It muft be curious, indeed, to fee thofe
artificial Deaths and RefurreGions in mute

* See his Aftronom. Le&. Page 235, 236,

t See Mr. Derbam’s Phyffco-7 beology, Book T. Chap. I. in
the Notes, Mr. Dawenport’s Defeription of his Table Air-Pump,
Mr. Hawhfbee’s, Gravefande's, &c. Experiments. Sturmins’s
Celleziwem Curiofum. Stairii Phyfiol. Exper. Explor. 14. Set. 11,
Vs 14y e

Animals!
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Animals! But how do you underftand Air to
be the Matter of Life ?

B. Qtis certain Air is impregnated with a
vivifying Spirit, or Matter, which is imme-
diately neceffary to Life ; and that this Vivify-
ing Spirit is inflammable, or proper to feed
Fire, and capable of being burnt or confumed
thereby ; for it is known by Experiment, that
no Creature will live, nor a Candle burn, in
Air which hath paffed through the Fire, and
may be called aduf, or burnr Air.

A. Is the dir alfo of Service to Vegetables
and Plants? "

B. Yes, in as much as there is a manifeft
Refpiration in Plantsand Trees, on which their
vegetable Life depends, and is preferved; this
15 known by numberlefs Experiments *.

A. Hath not 4ir an Effeét on Bodies which
tends to diflolve them ?

B. Yes, the 4:» haththe Faculty of a Men-
Sftruum, or a Power of diffolving Bodies : It will
reduce Cryftal-Glaffes to a Powder in Time;
{fodivers Minerals, Earths,Stones, Foffil- Shells,
Wood, &¢. which, perhaps from Noah’s Flood,
have lain under Ground fecure from Corrup-

tion ; yet, being expofed to the corrofive Qua-
lity of the Air, have foon mouldered away ; fo

Iron, Steel, Copper, &c. may be foon diffolved
intoa Ruft, &c. But fuch things are too

common to be infifted on, or to want Proof.

* See Mr. Hales’s Pegetable Statics throughout., Berelli Je
Mot. Animal. Mr. Milla’s Gardener’s Ditionary, Folis, Dr.
Greaw’s Anatomy of Plants. Jean. Clerici Phyf. Lib.IV. Cap.

1, 2. or an Abridgmens of all in my Philolog, Library, under
the Title Borany,
; Aol
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A. 1 have heard you make out already how
Airis the Means of Sound; but, pray, what
Advantagesof Light and Vifion accrue thereby?

‘B. Very ‘great (perhaps greater than you
may be yet apprifed of) are the Benefits and
Advantages of the circumambient 477 in thefe
Regards : For i/l were it not for the Rarefac-
tion of the A¢mofphere, the Heavens by Day
would have the Appearance of Nights the
Stars, even the {malleft, would appear and
twinkle; the Sun indeed would appear a great
Light in that Part of the dark Firmament
where it was; but fhould a Speétator turn
his Back to him, he would fee all Night, and
Darkrefs furround him at Noon-tide. Secondly,
The Sun at rifing and fetting would have the
fame Brightnefs and Luftre as at Noon-day,
and {0 would be hurtful to our Eyes. Thirdly,
As foon as the Sun deflcended the Horizon,
we fhould be in total Darknefs, and a cloudy
Night would then prefentus with the blackeft
Darknefs poflible.  Fourtbly, As we fhould
have no Twilight by Night, nor thining Luftre
of the Firmament by Day, fo we thould want
that Advantage we now enjoy, of not only
being blefled with the Light of the Sun when
ablent, but even of the acual Appearance
of the Body of the Sun himfelf, each Day,
before he rifeth, and after he fetteth. 140,

A. What, I befeech you, Sir, do you fup=
pofe we can fee the Sun when he is really un-
der the Horizon? '

B. Yes, wedo, for the Space of fome Mi-
nutes each Day. 2 &

- A. Pray,
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CiH. A B30
ANEMOGRAPAY, or the PuiLoSOPHY of the
Winbps.

A. OW do you derive the Word

Anemography 2

B. From the two Greck Words Zvercos,
Wind, and qpaqh, a Defcription ; it therefore
fignifics a philofophical De/cription of Winds
in general.

A, What is the Wind ?

B. Wind is nothing but a Stream or Tor-
rent of Air, asa Riverisa Stream or Torrent
of Water. |

4. What Diftinction do the Philofophers
make of Wind?2

B. My Lord Bacon diftinguithed Winds

into four Kinds, sz,

1. General Wz’mﬂr, which always blow from
the fame Quarter.

thereon. Mr. Clare’s Motion of Fluids, Newwton. Principia Mas

them, Phil. Naturalis, paffim. ¥, Robaulti Phyf.Part. 111, Cap.z. -

cum dnnot. Dni Clarkii annexis. Fo Clerici Phy/. Part. II1. Cap.1.
Srairii Phyf. Exper. Explor. 19. Cafp. Bartholoni Specimen Phi-
Je/. Nat. Cap.12. Mr. Boyle's Memoirs for a general Hiftory of
the Air, Mariottede la Nature de P div. Regnault’s Phil. Conv.
Vol. L. Con. 2, 22, 23, &. Mufhenbroet’s Epitome, Part II,
Cap. 22. Gravefande's, Defaguliers’s, Hawikfbee’s, Worfler's, &c.
Courfes of Experimentdl Philofoph. Cheney’s Princip. of Philof,
Part L. Cap, 5. Se&. 28. Relig. Philofo ﬂen‘iﬂ'ul. . Contemp.
17. Mr. Derban’s Phyfico-Theology,Book 1. Cap. 1.Dr. Hales’s
Vegetable Statics and Hemaftatics. Mr, Millar’s Gardener’s
Dictionary, Folio. Chambers’s DiGionary, and Harris’s Lexi-
con, under the Words 4ir and 4tmofpbere ;and agreat Number
of other Authors quoted and referred to in Mr, Fohn/for’s Phi-
lof. Queltions, from Page 84 to 92 ;and the Philof. T ranfactions.

2. Stated

i o
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2. Stated #inds, which blow only certain
Seafons from the fame Point. |
3. Servile //inds, which regard the Region,
Time, Seafon, &e.
4. Liberal /inds, which blow indifferently
any where, or any how.

But this is not {o natural as the following
Divifion of Winds, viz.

1. General, or coafting Trade Winds.
2. Periodical, or fhifting Trade Winds,
called Monfoons.

3. Common, or cafual Winds, the fame as
the foregoing liberal 7#inds.

A.What are the different Qualities of #ind?

B. They differ (faith my Lord Bacon) not
much more in the Points from which they
blow, than in the Qualities with which they
are diverfified ; for fome are violent, others
gentle ; fome are cold, others hot; fome are
conftant, others mutable ; fome moiften and
diffolve, others dry and thicken ; fome gather
rain, others are tempeftuouns and difpel it; and
others are ferene and {mooth.

A. Pray, what are the Caufes of #ind 2

B. Any Thing that can deftroy the Equili-
brium of the Air, and by alting on fome Part
with a greater Force, putting it into an Agi-
tation, produceth fuch a Stream or Current
of Air, as we call #ind. |

A. This is {o very general an Account, as

gives me but a littlemore Notion of the Thing
than I had before.

B. dn
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B. In all Cafes we cannot be acquainted
with Particulars ; however, it is pretty certaint
that divers Things, as Eruptions of Vapours
. from Seaor Land, Rarefa&tions and Conden-
fations in particular Places, the Fall of Rains,
Preflure of Clouds, &¢. may alter the Equi-
poife, or Balance of the Azmofphere, and there-
by caufe #inds more or lefs: Befides, feveral
Caves, and {ome great Lakes, emit or fend
forth #inds ; but the moft general Caufes of
Wind are Heat and Cold, as is manifeft from
the generaland periodical Trade Winds between
the Tropics, and thereabouts.

A. Pray, what are thofe Winds you call ge-

neral Trade Winds 2
_B. Such as blow conftantly all the Year long
from one Quarter ; as from the N. E. or about
the Nortbh-Eaft, on the North-Side of- the
Equator to 30 Degrees Latitude ; and from the
S. E. or about the South-Eafi, on the South~
Side of the Equator to about 30 Degrees La-
titude in the 4¢/antic Ocean, Etbiopian Sea,
the Indian Ocean, and great South-Sea : Thefe
Winds, tfor your better conceiving them, I
have reprefented in the Map adjoined, by
dark Lines in the aforefaid At/antic, Ethiopic,
and Indian Seas; in which you will {feé divers
Arrows thewing the Courfe of thofe Winds.
A. This, Sir, is very helpful, and maketh
the Thing ecafier than your very Words can
do: But doth the Wind blow conftantly in
thofe various Courfes and Dire@ions, thewn
by the Arrows, within a fmall Diftance of the
Coalts of Afirica Weflward ¢ -
B. Yes;
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B. Yes ; they are called the general coafting
Trade Winds, and always blow on the Points
the Arrows fhew.

A. But what is the Meaning that I fee in
the Map feveral Arrows in clear void Spaces,
- fome pointing one Way, and others the cop.
trary quite, with the Names of the Months
abbreviated fixed to them ?

B. I will inform you: It is in the 4rabisn
Sea, the Bay of Bengal, the Cbhinefé Seas, by
the Eaflern Coafts of Afrwe, and to 1o De-
grees of Souzh Latitude in the Indian Ocean,
that you find thefe contrary Arrows; and in
thofe Parts you muft know the Zind blows
one haif of the Year one Way, and the other
Half the contrary Way : Thefe are called the
periodical or fbifting Trade Winds, which the
Sailors call’the Monfbons. |

A. Then, I foppofe, as the Arrows in thofe
feveral Places thew the various Courfes of the
Monfoons, {o their Times of thifting or chang-
ing their Points, are denoted by the Names
of the Months affixed thereto.

B.¥es, they are, and therefore all thole,
who fail in thefe Seas, are obliged to obferve
the Seafons proper for their Voyages, and in
fordoing they fail not of a fair #ind, and
{peedy Paflage. ' |

A. How do you account for fome Winds
blowing always one Way, and others on con-
trary Points, in equal Periods of Time ?

_ B. The moft fagacious Dr. Halley (the Au-
thor of all the prefent Philofophy of »ind)
gives this Account thereof, viz. That, accord-

i:]g
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ing to the Laws of Statics, the Air which is
lefs rarefied and expanded by Heat of the Sun’s
Beams, and confequently more ponderous,muft
have a Motion towards thofe Parts thereof,
which are more rarefied, and lels ponderous,’
tobring it to an Equilibrium, or Balance. And,
2. That the Prefence of the Sun continually
thifting to the Weflward, that Part towards
which ‘the Air tends, by Reafon of the Rare-
faction made by his greate(t meridian Heat, 1s
with him carried #¢ffward;and, confequently,
the Tendency of the whole Body of the lower
Airis that Way: And thus ageneral Eafi-#/ind
is formed in the A#/antic and great South-Sea,
perpetually blowing Weflward.

A. But, I obferve, by the Arrows, thofe
Winds decline from the Eaff, Northward, on
the North of the Equator, and Souzbward, on
the South-Side: Pray how happens that ?

B. Becaufe near the Line, the Air 1s much.
more rarefied than ata greater Diftance from
it Northward and Soutbward; wheretore the
Air being towards thofe diftant Parts lefs rare-
fied than in the Middle, will confequently
tend from the North and Souzh to the Equa-
tor, and fo become N. E. and S. E. #inds.

A. But why are not thofe /7iuds as univer-
{2l in the Arabian, Indian, and Chinefe Seas,
and other Parts between the Tropics, which
have the fame Situation to the Sun, as the A¢-
lantic, Ethiopic, or great South Ocean ?

B. The Reafon hereof 1s, undoubtedly, ow-
ing to their being furrounded by fuch great
Continents, whichbreak the Continuity of the

5 ; Oceans ;
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Oceans; and from the Nature of their Soil, and
the Pofition of high Mountains, produce thofe
{everal Variations of the ##7ind in tho(e Places s
Thus, the Winds fet in upon the Land, even
from Weftward, on fome Parts of Guiner ; be-
canfe the Soil being fandy, refie@s prodigious
Heat, which greatly rarefies the Air, and mak-
eth ' the more cold, and denfe, tend ‘thitler
from the Weflern Sea to reftore the Equilibrium,

. And; pray, how is the fudden Change of
the ##ind to oppofite Points, accounted for in
the periodical #inds, called the Monfoons ¢ .

B. Thus: The cold and deafe Air, by Rea-
fon of its greater Gravity, prefl® upon the hot
and rarefied ; and therefore the rarefied Air muft
afcend in continued Streams as faft as it racifies,
and being afcended, it muftdifperfe itfelf to pre-
ferve the Equilibrium ; and thus, by a contrary
Current, the upper Air muft move from thofe
Parts where the greateft Heat is, and {o, by a
Kind of Circulation, the N. E. Trade ¥#7nd be-
low will be attended with a 8.W. #71d above,
and the S. E. with a N.W. above. Now becaufe
the Air coming out of the N,E. over vaft Conti-
nents of Land (which, when the Sun is Nor£5-
ward, are intolerably hot ; but more cold and
temperate, when the Sun is at the Soutbern Tro-
pic) into the Indian Sea, is fometimes hotter;
and fometimes colder, than that whereby this
Circulation is returned out of the 8.W. by Con=
fequence, the under Current of Air is one while
from the N.E. and another while from theS. W.

A. Do not the Seafons help to determine
fomewhat of this Matter, in which thofe Chan-=
ges happen ? e . B. Yes;
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B. Yes, they plainly confirm what I have be-
fore faid ; for in Apri/, when the Sun begins to
warm thofe Countries to the Norzh, the S.W.
Mon/oons begin, and blow during the Heat till
O¢élober ; when the Sun being retired, and all
Things growing cooler Northward, and the.
Hear increafing to the South, the N. E. WWinds
enter, and blow till 4pri/ again: But yet, why
the Monfoons change here, and not in the
Ethiopic Ocean ; and alfo why the Limits of
the Trade #inds are fixed to about 30 Degrees
of N. and S. Latitude, is not fo well to be ac-
counted for; and therefore muft be left, with
{everal other Intricacies of this Nature, to the
Difquifition and Difcovery of fucceeding Ages.

A. Well, fo much then for general and
periodical Trade #inds; have you any Thing
farther to obferve of the common and variable
W inds, incident to all Points and Places ?

B. Yes, a few Things touching their Qua-
lities, Velocities, and Extent or Limits.

A. What do you obferve of their Qualities ?

B. That thofe #inds are dry and cold, which
contain the leaft Quantities of Vapours ; thefe
#Winds gather and generate Clouds, which carry
with them great Quantities of Vapours; thofe
Winds are hot, which blow from off hot Re=
gions ; and cold, which blow from celd ones; -
thofe are the moft violent, which are agitated
by the greateft Force ; and the contrary *.

A. And

* Sce much more on this Subje& in Dr. Ha/lley’s Hiltorical
Account of the Trade Winds and Monfoons in Philof. Tranfaét.
N? 183, Lord Bacon’s Hiftery of the Wind. Bohun’s Difcour{e
on the Origin and Properties of the Wind, Clare’s Mut;l?n_ :_]:-f

: urd &
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and curious, fuch as what you call the Do&rine
of Meteorography; but before we proceed, pray
let me know what is the true and proper Mean-
ing of the Word Meteor 2

B. The Greek Word Mejémfap, Meteoron, is
compofed of pela, beyond, and atipws 10 lift up
aloft; and therefore a Meteor implies that
which is elevated aloft beyond us in the Air,
as Clouds, Lightning, &c.

. How many Kinds of Meteors do you
reckon ?

- B. Some diftinguith them into three Sorts,
Jery, airy, and watery.

<. Which do they call flery Meteors 2

B. Such as are compoled of a faz fulpbureous
Exbalation, kindled by the nitrous Quality or
Subftance of the Air; and do then exhibit the
Appearance of Light and Fire in the Air, as
Lightning, Flying Dragons, &c.

A. What are thofe called airy Meteors?

B. The Wind, and itsdivers Kinds; but pro-
perly {peaking, the Wind is no Mezeor at all,
nor are there any Mezeors which confift merely
of Wind.

4. Pleafe to recount me thofe you call wa-
zery Meteors.

B. They are {uch as confift of Papours, and
watery Particles, which are feparated from one
another, and raifed by the Sun’s Heat, and be-
come modified in the Air into various Forms,
as Mifts, Clouds, Rain, &c. in abundance.

. Which do you held it will be moft na-
tural to begin a Converfation withal, of thofe
feveral Sorts of Mezeors 2

‘ B. It

——— = =
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B. It will certainly be moft natural to begin
with watery Meteors.

4. Well then, to make a Beginning, I oba
ferve you faid thofe Meteors oniginally confift
of Vapours; pray, what are they ?

B. Vapours are a Company of aqueous or
watery Particles, feparated from the Surface of
the Water, or moift Earth, by the Acion of
the Sun’s Heat ; whereby they are fo far rare-
fied, attenuated, and feparated from each other,
as to become fpecifically lighter than the Air,
and confequently, they rife and float therein ;
and thus, any Kind of Heat or Fire may caufe

4 apours ¥,
A. Pray

* The Manner in which Heat raifes the Particles of a Fluid
into the Air, or which is the fame Thing, makes it fpecifically
lighter than Air, is a great Difficulty with Philofophers, who
have taken Pains to invent many Hypothefes for the Solution
thereof, which may be all feen, with their particular Confura-
tions, in Mr. Rowning’s Comp. Syltem, Farl: II. Diflert. 6.
and the Author himfelf declines giving any Acconnt thereof on
the Prirciples of the prefent Philofophy.

But as it is no fmall Difparagement to the Aromical or Neav-
2omian Philofophy to fuggeft its Infufficiency to account for the
Formation, Rife, and Refolution of Vapours into Rain, I think it
proper to propofe the following Queries in Behalf thereof, (1.)
Does not the received Philofophy teach—That Fluids confift of
Particles which touch but in few Points, and are united by the
Attraétion of Cohefion ? (2.) That Heat is Fire, and that the
Particles of Fire are in a conftant and violent Agitation and State
of Motion among themfelves 2 (3.) That, fince the Power of
Ca.b-e;ﬁm 15 known to be lefs than the Power or Force of ﬂéti{l?

‘in the igneous Particles, thefe Particles muft divide, feparate,
and propel the Particles of the Fluid every Way from each other;
and therefore, (4.) May not thofe Particles of the Fluid, which
lie in the Surface, be driven upwards beyond the fmall Sphere of
Attraction by the Action of the fiery Particles? (5.) And, then
being extremely {fmall, may they not be lighter than the Air on
the Surface of the Fluid, and therefore be forced to afcend in 1t

acgording to the Laws of Statics 2 (6,) Being buoyed up to a
% N3 “Height
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the more denfe they are; the weightier, and the
nearer they ride to the Earth.

A. Pray how high do you judge the Clouds
to fly ?

| B}: From about a Quarter of a Mile to a
Mile ; it is very common for Perfons, by climb-
ing very high Mountains, to get above the Clouds
and fee them {wim beneath them, cleaving
againft the Mountains they are on *, -

- A. That muft be very curious to obferve;
but whence the various Figures and Colours
of the Clouds 2 *

B. The wonderful Variety in the Colours of
the Clouds, is owing to their particular Situation
to the Sun, and the different Reflections of his
Light: The varicus Figure of the Clouds refults
from their loofe and volubleTexture, revolving
into any Form, according to the different Force
of the Winds.

A. That Rain is produced from the Cluds
we all know ; but in what formal Manner doth
it happen ?

B. Thus: when various Congeries of Clouds
are driven together by the Agitation of the
Winds, they mix and run into one Body, and
thus difiolve and condenfe each other into their
former Subftance of Water; alfo the Coldnefs
of the Air isa great Means to colle¢t, compact,
and condenfe Clouds into Water : The Water
thus produced of the Clouds, being heavier than

* Concerning the feveral Methods of meafuring the Height
of the Clouds, %ce.m}r Young Trigonometer’s Guide, Vol, 1. Part
lII ChﬂPl! II; : ;

N Hsoy adt 4 Alr,
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Air, muft of Neceflity fall through it in the

Form we call Rain.

* A. But why does it fall in Drops, and not in
whole Quantities, as it becomes condenfed in
the Air ? ¢ p ) |

B. So it would fall in great Quantities, were
it not for the Refiftance of the Air; but the
Subftance of the Air breaketh and divideth it
into Parts, {maller and fmaller, the farther it
paficth through it, till at laft it arrives to us
in very {mall Drops #. ; |

A. Is not Dew a Kind of Rain 2

B. Yes; only with this Difference, that
whereas Raiz falls at any Time, and in great
Drops, Dew falls only at ftated Times, and in
fuch very {inall and fine Drops, that they are
icarcely vifible, till they are fallen and condenfed
1nto Drops on the Tops of Grafs, Boughs, &e.

A. In the next Place, pray, Sir, explain how
the Meieor, we call Snow, is produced.

B. Snow is produced thus : When the Va-
pours are become confiderably condenfed, yet
not {o far as to become liquefied, or diffolved
into Water, then, by a fpecial Degree of Cold-
nefls in the upper Air, the Particles of the con«
denfed Vapours are compelled into a har\d, rigid,
and glacy Subftapce, feveral of which adhering
together, form little Fleeces of a white Sub-
ftance, {fomewhat heavier than the Air; and
therefore defcend in a flow and gentle Manner
through it, being {ubje&, by its Lightuefs, to
all the varions Motions of the Air and Wind ;
and is what, when arrived to us, we calt Snoo.

* See Note * in Page 197.
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4. And, pray, is not Hai/ formed after
fomewhat a like Manner ?

B. Hail is thus generated : When the Cloud
which raineth is very high in the Air, or when
all the Regions of the Air are very cold, the
falling Drops of Water are congealed thereby,
and grow into a glacy Subftance, fomewhat
white and hard, of different Size and Figure,
according to the Particles of Water, the De-
%:ees of Heat and Cold, the Wind, &¢. and
this, when come to us, we call Hail, ;

A. Although I fuppofe you do not reckon
Froft and Ice among Meteors, yet I believe this
may be as proper a Place to difcourfe of them
as any; and therefore, if you pleafe, be fo good
as to explain to me their Natures ?

B. Dr. Cheyne faith, that Co/d and Freezing
feems to proceed from a faline or falt Sub-
ftance floating in the Air, whofe Particles are
very ftharp and pointed, and thefe infinuating
them{elves (in a wedge-like Manner) into the
Pores of the Particles of Water, do thereby fix,
cryftallize, and make hard the {uperficial Parts
of Water, and all humid Subftances 3 and hence
the incruftated Surface of Earth, Dews, &,
we call Froff, and the fixed and cryftallized
Superficies of Water, we call Ire » But, when
the Heat of the Sun diffolyes thofe freezing,
faline Particles into a Fluid, the Surface of the
Water, &r. all return to their former natural
State ; and this we call Thawing. .

. A. Have you any Thing farther to confider,
8s watery Meteors§ :

B. No,
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~ B. No, thofe now defcribed are the whole
Tribe ; and as we have already largely fcanned
the Nature of the Wind, which fome (as I told
you) improperly make a fecond Sort of Meteors,
let us now pafs to the Speculation of thofe
which are called fiery Meteors.

A. With a very good Will, Sir; nothing
delights me fo much as thofe Kinds of natural
Refearches ; and in the firft Place, pray which
do you count the principal of all the fiery
Meteors € :

B. Lighining, which is thus occafioned :
The Air doth abound with Steams and Exha-
lations of Sulpbur, Bitumen, Nitre, and Salts
of various Sorts, Acids and Alkalies ; thefe be-
ing raifed by the 8un’s Heat into the higher
Regions of Air, are there difperfed and venti-
lated to and fro by the Winds; this Agitation
produces a Mixture, and, canfequently, a Fer-
mentation of thole combuftible Sulphurs with
the nitrous Acids, which is often to that De-
greée, as to kindle into Flame, and thereby
caufe thofe fhining Flathes of Lighining we
iee darting from the Sky *.

A. But, pray, Sir, what makes the Thunder
with it ?

B. Thunder is occafioned by the kindling
thofe bituminous and fulphureous Exhalations

# Concerning the Nature of Bitumen, Sulphur, Nitre, dcids,
Alkalies, &c. See Part 1V. Chap. II. and the Notes thereto an«
nexed. :

As Sulphur is the moft inflammable, and Niire the moft apt for
a wiolent and fudden Explofion, of all Kinds of Matter ; fo thefe
two Subftances are moft reafonably thought to afford the Effnvia,
which compofe the Mixture producing Lightning and T hunder 5
as they are the two principal Ingredients in Guuporwder

in

xodal
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in the Air by the pitrous Salts, in the fame
Manner as the Explofion is produced by fetting
Fire to Gunpowder, or Aurym Fulminans 5 and
the Reafon why we do not hear the dreadful
Noife of Thunder, {o foon as we fee the Inflam-~
watian or Lightning, 1s becaufe Sound is lon ger
arriving to our Ears, than Light to our Eyes ;
as I have before told you. |
A I have heard talk of Thunder-Bolts, and
their ftrange EffeCts ; pray, what do Philofo-
phers fay of them?

B. What is called a Thunder- Bolt, is nothing
but a more {olid and moft rapid Flame, which,
with incredible Celerity, flies from the Clouds
to the Earth, and thro’ every Thing ftanding
in the Way, being interrupted by nothing, The
more remarkable Pbenomena of which are as
follow : 1. That it affeés high Places chiefly,
as Mountains, Towers, Trees, &¢. 2. That it
will fometimes burn a Perfon’s Clothes, while
his Body remains unhurt, 3. That, on the con~
trary, it will fometimes break a Man’s Bones,
while his Clothes and Flefh receive no Harm.
And, <. Inlike Manner it will fometimes melt
or break the Blade of a Sword in the Scabbard,
while the Scabbard remains untouched ; and,
on thecontrary, will fometimes burn theSheath,
and not affect the Sword. The Reafon of thefe
ftrange and contrary Effeéts, Philofophers can
but conjecture at, imputing it to the different
Figure and Quality of the Particles of ¥ Lighs-

ning,

* There is a Sort of Stone, or Mineral, Which the common

People call 3 Thunder-Bolt, and imagine it falls fiom the Clouds
_ in
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ning, which renders them capable of diffolving
fome Subftances, at the fame Time that they
will not touch others.

4. All this is very ftrange indeed ; pray what
other fiery Meteors are remarkable ?

 B. The fame aerial Fire, or fulphureous In-
flammation, hath different Names, accordin gto
the Variety of Figures and Sizes it appears un=
der: As, 1. Lampas, a Lamp, when it burn-
eth by little and little, on one Part only.
2. Bolis, a Dart, when the Exhalation appears
kindled in a long Traét together. 3. Trabes,
Beams, -when the Inflammations appear in the
fame Place continuvally. 4. Chafina, a Chafm,
when the Flame fhines or glitters from the
Breaksof dividing and fplitting Clouds. 5. Ignis
Fatuus, 1. e. the toolith Fire, or Jack in a Lan-
thorn, when a fat unuous Vapour is kindled,

and wafted about by the Motions of the Air,
near the Surface of the Earth, like a Lightina

Lanthorn. 6. Ifgnis Pyramidalis, the pyrami-
dical Fire, when it refembles a Pillar of Fire,
ftanding ‘upright. 7. Draco Volans, a flying
Dragon, when the middle Parts be thicker and
broader than the Ends. 8. Capra Saltans, a
dkipping Goat, when it appears to have a fkip-
ping Motion, and to be fometimes kindled, and

ina Stroke of Thunder, and thereby does manyTimes great Mif-
chief, but this isa vulgar Error ; the Stone feems, from theMake
and Fafhion thereof, to refemble more an artificial than a nata-
ral Produétion ; - and being meft frequently found where Sepul-
chres have been, inclines fome to think they are fome Remains
of Antiquity, and were formerly of Ufe inWar, and 4rms, which
it was cuftomary yith the Ancients to bury with their Afhes. See
the Authors mentioned in Rozuning’s Comp. Syltem, Page 146
of Part i and Phil, Tranf. Ne. 313, 316, 319, 331; 330.

fome-
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fometimes not. 9. Stelle cadentes, falling Stars;
when the more fubtile Parts are burnt away,
they fall by the Weight of their vifcous and
earthy Matter remaining. And thefe are all the
remarkable fiery Mezeors *. -

® Of thefe Meteors, the Ignis Fatuus is the moft frequent and
confiderable ; of which Sir //zac Neawton thus writes, ** The Iyg-
““ wis Fataus is a Vapour fhining without Heat; and is there
** not the fame Difference between this Pzpour and Flame, a3
* between rotten Wood fhining without Heat, and burning
“¢ Coals of Fire i’ Optics, Queeft, 10, ., g -
"The Meteors here mentioned are moft of them but Parts of the
wonderful Phenomenon called the durora Borealis, 'or Northern
Lights, which is an Appearance of ftreaming Light, - dartin
from a dark Part of the Air which looks like a Cloud ; whicﬁ
Streams or Streaks of Light, if low, are erpendiclar to the
Horizon, and higher, feem to meet in a Centre near the Ze.
nith; where they have various glancing, quivering and curling
Motions ; and when the witro=fulpburesns Matter, of which it
confifts, is all fpent and burnt away, the durora commonly de-
enerates into a bright Twilight in the North, and there gra-
ﬁuall}r_ dies away. See a large Account of this Phanomenon in
all its Shapes in Roawning’s Comp. Syftem, Part II. Differt, ey
Mon{ Maira»’s Phyf. and Hift Treatife thereof, in the Memoires
de I'Academie Royale des Sciences; or an Abftrat thereof in
Philof: Tranf, No. 431. See an Account of feveral Aurora’s in
the Philof. Tranf. No. 320, 347, 348, 351, 352 That won-
derful Meteor, March 19th, 4. D, 1719, No, 360. Another the
fame Year, No. 363. Dr. Halley has made it appear from Ob-
fervations on the Meteor feen on the 31t of Fady, between g and
10 at Night, 4. D. 1708, that thefe Meteors are in the very
upmoft Part of the Atmofphere, or between 40 and go Miles
perpendicular Height. Alfo that March 1 » A D. 1719, was
tound by Calculation to be no lefs than 73% Englib Miles per-
pendicular Height. For a more ample Account of Meteors,
the Reader may confult the Authors referred to in Note * ig
Page 187. Note * in Page 194, and Phil, Tranf,

CHAP,
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Account of the celeflial Appearances, viz. the
RainBow, Haro’s, ParHkLiuMs, PA-
RASELENE’s, &e. ; 30

A. TIRAY, Sir, why do you choofe to ufe
-fuch a long hard Word as Phantafia=
tography ? 1 can hardly fpeak it. |
B. Becaufe that beft expreflfes my prefent
Defign; which is to let you underftand what
the Opinions and Difcoveries of the beft Phi-
lofophers are concerning the celeftial Appear<
ances, as the Rainbow, &c. this Wotd being
compofed of gasldepdiay Phantoiis, or Appears
ances, and yoxph, a Defeription. b
A. But, Sir, by your Leave I would afk

whether it be not an Innovation to call thofe ;

Things by the Names of Phantoms, Appear=
ances, or Apparitions, which (as yourfelf fays)

are by the greateft Philofophers ranked with,

and deemed Meteors ? .
B. Be it an Innevation, or what it will, I al-

ways choofe to call Things by {fuch Names as

exprefs what they be, hot what they be not;

it is certain thofe Things we difcourfe of exift

no way but in Appearance«

A. What, I pray you, is there nothing of
Reality in thefe Things, as in the Rainbow for ..

Inftance, but a Form of different Colours ?

B. Nothing more indeed ; they all owe their
Exiftence to one common Caufe, vrz. the Re- =

Jlection and Refraction of Light.

A. Pleafe
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- A. Pleafe to explain a little moré particulara
ly the Manner how thefe Phenomena are pro=
duced; and, firlt, how the Ranbow acquires
its beauteous and wonderful Form.

B. The Ramnbow is one of the moft furpriz«
~ ingof all the Worksof God (which the Hebrews
- callgmaN nwp the Bow of God, and the Greeks
Savmavric, 1. e. the Daughter of Wonder. ) This
Pbaenomenon is feen in the falling Rasn, or Dew,
and not in the Cloud whence that Rain, or Dew,
proceeds ; it is caufed by a Reflection and Re

Jraction of the Sun’s Rays from the globular

Particles of Rain : There are often two Bows
to be feen at the fame Time, the interior, as
AFB, which is more ftrong and vivid ; the ex-
terior Bow, as QHD, which is more faint and
weak ; the interior Bow is formed by #wo Re-
Jraétions of the Rays of Light, and sne Reflec-
‘tiom of them in the Drops of Water. See Fig,
XXVII. on Plate XVII, fronting p. 207.
- A. Pray, Sir, exemplify this Matter.
B. Iwill. intheinterior Bow (Fig. XXVIL.
of the Plate as above) let EF be two Drops of
~ the falling Rain, and let Sz be a Ray of Light,
falling on the Drop E in 4, from whence it is
refracted firlt to ¢, thence it is refleGted to E,
‘whence it is a fecond Time refracted to the Eye,
fuppofe at O : Inlike Manner, the fame Thing
happens in the upper Part of this Bow, in the
Drop F.

A. Well, and what are we to learn from alk

this ?
B. Hence you eafily underftand the Reafon
of the Colours of the Bow, if you have not for=

5 got
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got what I delivered to you when we were dif<
courfing of Light and Colours: For here you
fee the Angle COE==40° 2’ fhall be the greateft
Angle, in which the moft refrangible Rays can
afier one Refletion be refracted to the Eye;and
- therefore all the Drops, in the Line OE, thall
fend the molt refrangible Rays moft copioufly to
the Eye, and thereby ftrike the Senfes with the
deepeft violet Colour in that Region: In like
Manner, the Angle COF=42° 17’ thall be the
greateft, in which the leaft refrangible Rays can
after one RefleCtion be refracted to the Eye;
and thereforeall thofe leaft refrangibleRays fhall
come moft copioufly to the Eye in the Line OF,
and ftrike the Senfes with the deepeft Red in
that Region: Do you underftand me, pray ?
- . Yes, Sir, very well; and Lalfo underftand,
~ that by Reafon of the intermediate Degrees of
Refrangibility of Rays coming from the Drops
between E and F, the Space between E and F
fhall be painted with proper intermediated Co-
lours; and therefore the whole Face of the
Bow will be tinged with all the primogenial
Colours in their natural Order, viz. Fuolet, In<
digo, Blue, Green, Yellrw, Orange, and Red,
from E proceeding to F. ~

B. I am glad to fee you {o very happily un-
derftand the Matter; you will with the greateft
Eafe and Pleafure underftand the Phenomena of
the upper, orexterior Bow QHD, whichin thort
are thus produced : Let G and H be two Drops
irl the extreme Parts of the upper Boaw ; now let
8G be a Ray falling on the Drop in G, whence

it is firft refracted to e, from thence it is fufk
refleted
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refletted to F, from F it is a fecond Time re=-
fletted to g, and from git is a fecond Time re-
fracted to the Eye at O : Now the fame is to
be underftood in the upper Drop H: hence
the Angle COg=50" 42’ is the leaft Angle, in
which the leaft refrangible Rays can after two
Reflections be refracted to the Eye; and there-
fore the Drops in the Line Og thall ftrike the
Eye with thedeepeft Red, and the Angle COH
=54 22’ thall be the leaft Angle, in which the
moft refrangible Rays after two Refle@ionscan
emergeout of Drops ; and therefore thofe Rays
{hall come moft copioufly from the Dropsin the
Line OH, and fhall firike the Senfe with the
deepeft Violetin that Region: And by the fame
Reafoning the Drops between GH fhall firike
the Senfes with the intermediate Colours; and
fo the Colours, in the whole Width of the up-
per Bow, {hall lie in this Order from G to H,
Viz. Red, Orange, Yellow, Green, Blue, Indigo,
Vuwlet ; contrary to the Order of thofe in the
lower Bow.

A. Sir, 1 readily perceive the Reafon of thofe
Coloursin both thCBG’w‘I,aC{:ﬂrding to the Laws
of Refra&ion you heretofore mentioned ; but,
pray, why are the Colours of the exterior Bow
fo much fainter than thofe of the interior one?

B. Becaufe the Light is twice reflected in
the Drops of the exterior, and but once in
thofe of the interior Bow, the Light becoming
fainter by every Refleétion.

A. 1 think, Sir, the Rainbow always ap-
pears perfectly round; doth it not? :

£ Yes 3 accurately fo ; for the Lines OF,
OF, OG, and OH, turned round their com-

O mon
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mon Axis OC, fhall with their Ends EFGH
defcribe the circular Borders, or Extremities,
of the two Bows. ,

A. And do they always appear equally large?

B. Yes, all Raindows are of the fame Di=
menfions ; bécaufe no Bow can appear but un-
der the Angles of the fame Quantities, as be-
fore mentioned.

A. But we donot always fee an equal Quan-
tity of a Bow, as I have often obferved.

B. No, that is impofiible you fhould; for
the Sun muft be in the Horizon for you to fee
half the Bow, which is the moft that can ever
be feen; for then the Centre of the Bows C is
on the Superficies of the Earth; but the higher
the Sun rifeth above the Horizon, the lower the
Centre C finketh beneath the Earth’s Surface ;
and confequently the lefs ftill you can fee of
the Bow, till, at laft, you can {ee none at all.

A.-Pray how high muft the Sun be for the
Rainbow not to be feen at all ¢ |

B. When the Altitude of the Sun becumes
equal to the Quantities of the aforefaid Angles,
under which the Bow appears, they cannot then
be feen; that is, when the Sun’s Height is equal
to the Angle COE=40° 2/, the inner Part E,
of the interior Bow, defcends the Horizon ;
when it is equal to the Angle COF=42° 17,
the upper Part F, and fo the whole interior
Bow will entirely vanith and difappear beneath
the Horizon. Thus, when his Height is equal
to the Angle COH=1¢4" 22, the whole ex-
terior Bow will be deprefled below the Hori-
zon, and then no Part of any Bow at all can be
feen; hence all the Winter half Year both the

Bows

<
|
-
1
:
1
i
B,
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Bows may be feen all the Day, the meridian
Height of the Sun then at greateft being never
above 382 30",

A. What elfe, pray, is remarkable of the

Rainbow 2
B.The Dimenfions in Eng/ihYardsand Miles,
I have calculated for every Part of both Bows,
and are fuch as are here fet down at agiven Di-
ftance of the Spetator, and Height of the Sun*.
Alfo

* Suppofe (asin Fig. LX. on Plate XIV, fronting . 17g) 4
Spedtator at O beholds the Bows AEB and CGD at the Diftane®
OQ=1 of a Mile, or 1320 Yards; and that the Height of the
Sun be at that Time 16 Degrees : In fuch a Cafe, I have deter-
mined the Dimenfions of the Bows as follow.

1. The Centre of the Bows P will be deprefled below the
Surface of the Earth 364 Yards—=QP.

2. The leffer Semidiameter of the intérior Bow PE will be
1066 Yards ; and the greater Semidiameter PF will be 1154
Yards; therefore, .

3. The Breadth of the interior Bow EF will be 88 Yards, or
264 Feet.

Again, the lefler Semediameter of the exterior Bow PG
wiﬁ_be 155075 Yards; and the greater PH, 1770 Yards;
therefore, :

5+ The Breadth of the exterior Bow GH will be 2197
Yards, or 659 Feet;

6. Confeqaently, the Breadth of the exterior exceeds the
Breadth of the interior Bow by 395 Feet; which fhews it to be
more than twice the Width of the Jatter.

7. The Diftance of the Summit F of the interior Bow from
the Earth Q is 790 Yards; and the Summit of the eéxterior Bow
H from Q_is 1406 Yards, =

8. The Diftance between thé two Bows from F to G is
390+% Yards. : :

9. The Diftance of the Legs AB of the interior Bow on the
Earth’s Surface is 2052 Yards ; thatis, one Mile and 202 Yards,

10. The Diftance CD of the Legs of the exterior Bow is
3014 Yards ; thatis, one Mile, and % of another. -

11. TheDiameter of the interior Bow being 2132 Yard:,
the Circumference thereof will be 6694; Yards, or 3 %, Miles,
‘on the Infide.

12, The vifible Segment AEB above the Earth, will be above
2750 Yards ; or oneMile and a half, and fomewhat more.

Q z 13. The



212 The PurrosopHicaL GRAMMAR,

Alfo you have here learned the following Par-
ticulars: 1. That two Bows do appear toge-
ther. 2. The Manner how they are both form-
ed. 3. The Reafon of the Diverfity of their
Colours. 4. The Reafon why the Colours of
each Bow licin an inverfe Order to each other.
5. That the Rainbows never appear but when
it rains. 6. That the Bow is in the falling Rain,
and not in the Cloud. 7. That it always ap-
pears in that Part of the Heavens oppofite to
the Sun. 8. The Reafon why one Bsw is fo
much more ftrong, apparent, and vivid, than
the other exterior one. 9. Why they are allin
themfelves of an equal Bignefs. 10. Why we
fee at fometimes a greater, and fometimes a
lefler Part of them. 11. Why we can rever fee
2bove half a Bow at moft, and when we can fee
none at all. 12.That the Dimenfions of a Ra-
bsw may be computed in any known Meafure.

A. Indeed thefe are all exceeding curious
Circumftances, and far more than ever I under-

i3. The inner Circumference of the exterior Bow will be
9335 +% Yards, or alittle more than 55% Miles; and the Part
CGD above the Earth about 24 Miles.

Thefe are the principalDimenfions of fuch a Bow, which may
givethe Reader a generaildea thereof, and man Times is very
near the Truth. I have fhewed the Method of Calculation in
my Young Trig. Guide, Vol. L. Part 2. Chap. 2. Bat, by the
Miftake of a Number, the Meafures there given are erroneous;
this Overfight I difcovered not till 1t wis too lateto correct 1ts

They who would fee the Mathematical Theory of the Raiz-
bow, may confult Sir Jfaac Neawiton's Optics, Book I. Part z,
Prop. g. or Dr. Clark’s Notes on Rokault’s Phyfics, Part 1iI.
Chap. 17. Alfo in Dr. Green’s Principles of Philofophy ; and
Dr. Halley's Difcourfe thereon, in Philof. Tran/, N” 267. Sce
alfo N° 35, Dr. Pemberton’s View, Page 394. Gravefande's
Elers. Book 111, Chap. 21. Chambers’s Didtion. and Harris's Lexs
Fsch. under the Word Raintow. ' '

ftood
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ftood before: But you have faid nothing of
the Rainbows which appear by Night in the
Moonfhine ; what think you of them, S7r?

B. They are in all Refpects the fame as
thofe occafioned by the Sunfhine in the Day *,

A. But, if you affign fuch a natural Caufe for
the Production of the Rainbow, would not there
have appeared a Bow in all Ages and Places ?

B. Yes,always fince there have been Clouds,
and Perfons to fee the RefleCtion of the Sun’s
Light from the Particles of falling Rain.

A. Why, there have been Clouds ever fince
the Creation, have there not?

B. Yes, undoubtedly, and Rain too.

A. Pray, then, how could the Rasnbowbe any
Thing of a miraculous Produélion, or be made
the Sign of a new Covenant, which God made

* There are obferved four Sorts of Jris’s or coloured Bows,
(1.) The Rainbow; of which already; and, for Diftinétion,
may be called the Solar Boaw. (2.) The Lunar Boaw ; of which
fee aremarkable Account in Philsf. Tranf. N° 331. (3.) The
Marine- Bow 5 this appears at Seain the Water which the Wind
carries off the Tops of the Waves ; the Celours in this are not o
lively as in the Common-Boaw ; the moft vivid are a Yellow next
the Sun, and a Green next the Sea. They appear in great
Number, fo that zoor 30 of them may be feen together. Laltly,
they have aPofition contrary tothat of the common Rainbow;
thatis, they have theircurve Part turned towards the Sea, and
the Legs upwards. See Philof. Transf. N° 337, and 365. (4)
The Terrefirial Boaw; for fo I call it, as being feen on the
Ground; itis caufed by Refradtion of the Sun’s Rays in Drops
of Dew on the Grafs : Mr. Langavith tells us, in onc he faw, the
Colours were very near as ftrong as thofe of the common or
Solar- Bow. Itcontinually changed its Place with the Beholder.
The convex Part was next the Eye, and the Fertex was very
near him. The Colours took up lefs Space, and thofe were more
lively, that wereneareft him. Accordingto thedifferentHeight
ofthe Sun, the Figure of this Bow may beeither an Hyperbola,
Parabola, or Elligfis. See Philsf. Tran/. No 369.

0 3 . with
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with Neah and the New Werld, as related
Gron. 1 19, A4, -1 8¢ |

B. That Paffage does not neceffarily imply
that it was any muraculous Production, or that it
did not exift before ; for memorial Signs or To-,
kens are arbitrary Things, and God might as
well choofe the Rainbsw for that Purpofe, as
any NNove/ty whatfoever *. |

A. How do you account for thofe Pheno=

mena we call Hald's 2
B. They are Circles {omewhat akin'to the

Rainbow, which appear about the Sun and
Moon, and fometimes varioufly coloured.
A. Pray what are the moft remarkable Par-

ticulars in the Halo's ¢ -
B. The following: 1. They have always the
Sun or Moon for their Centre. 2. They never

* In Gen. ix. 13. our Tranflation hath it—17 do fet "my Boaw
in the Cloud, which indeed makes it feem as 1f it were notjthere
before; but if we attend to the Original, we fhall ind the Word
snni to fisnify, not—1 do fit, but, I do give, or appoint, or ap-
prepriate my Bow in the Cloud, for a Sign, &Fc. Again, the Ex-
prefiion *nwp, my Bow, plainly implics the Bow was then in be-
1ng, and wasa common and well known Thing.
the Word in»m1, which we render, and it fball be, may be as
well rendered — that it may ke, &c. the Prefix 1 being often found
to have the Signification ofthe Adverb u#, that. Wherefore the
Verles may be truly thus tranflated ; I do giwe or appoint my Boaw,
avhichis inthe Cloud, that it may be for a Sign or Token of a Coe-
nant between meand the Earth; and it fball come to pafs, awben I
bring & Cloudower the Earth, (nnwa2y) and the Bow fball be feen
in the Clond, ('nmap) that I awill remember my Covenant that is
betaveen me and you, &c, Thus, by giving the Particley its due
Acceptation in three feveral Places,the three Verfes runvery na-
tural, and imply no new Wonder or Miracle. I hope thofe Gen-
tlemen who have been fo ready incharging me with caftingCon-
tempt on the Scriptures, will believe me, if I tell them once
more, that [ efteem the Bible abeve all Books in regard of Re-
ligion, and thatwhat I fay refleétsonly on the Super/fition or Ig=
norance of thofe who would make the Scriptures fay any thing
. inconfiftent with Rea/om,Commton-fenfe, or the Nature of Things.

appear

Once more.

v a2 el
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appear in a rainy Sky, butin 2 rimy and frofty
one. 3. They appear blue on the exterior
Limb, or Border, and red on the interior. 4.
The Air contained within them is more obicure
than the ambient Air without round about
them. 5. The Limb of a Hal, or Width of its
Circle, is about half a Degree, or 30 Minutes.
6. The Diameter of the whole Circle of the
Hals, isabout 44 or 46 Degrees, more or lefs.
See Fig. XXVIIL on Plate XVII, fronting p.
207.
Z&’.ﬁnd,pray, is the Halo formed in the fame
Manner as the Rambow ?

B. The Halois formed by the Refraétion of
the Rays of Light, without any Refietion, as
in the Rainbow ; and this Refraétion of the
Light in the Hailftones in the Air, will be
ftrongeft at about 22, or 227 30, diftanteach
Way from the Sun or Moon, and gradually
decay both Ways as the Diftance increafes or
decreafes; and confequently at that Diftance
there will be formed aCircle, we call the Hgalo,
about the Sun or Moon, which Ha/s,as often as
the Hailftonesare duly figured,may becoloured;
and then it muft be red within by the leaft re-
frangible Rays, and blue without by the moft
refrangible ones : And this is the Subftance of
all we know worth mentioning of the Hald's.

A. Then a Word next, if you pleafe, con-
cerning the Parbelia; pray what are they ina
philofophical Senfe, and why fo called ¢ .

B. The Parbeliz are what the Vulgar call
Mock-Suns, and Parafelenes are Mock-Moons,
which fometimes appear in the Heavens, and
are only Reprefentations of the Face of the true

£ Sun
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Sun or Moon by Way of Refleftion in the
Clouds; they are fo called, becaufe they appear
'?m'.pnr: Toy FALOYs befides the true Sun, and ?rr:.tpcé
Tny aednvny, befides the true or real Moon.

A. In what Manner do they appear ?

B. Thus: 1. There is obferved a very great
white Circle parallel tothe Horizon, as ACDB,
pafling through the true Sun at S, See Fig.
XXIX. on Plate XVII, fronting Page 207.
2. In the Parts of this white Circle appear the
Parbelia: Asin 1629, March 29, there ap-
peared at Rome four Mock-Suns, as ABCD, to
a SpeQator in the Obfervatory at O; though not
all of them equal, nor equally ftrong and vivid,
nor of equal Duration. 3. They are in Num-
ber unequal, being fametlmes four, as here,
fometimes more or lefs. 4. They appear fome-
times tinged with the Coloursof the Rainbow,
now ftronger, now fainter. 5. Hals's {requent-
. ly appear at the fame Time ; as in the Cafe
now mentioned, there appeared two broken
ones, as the interior one FGH, very ftrong and
Rainbow-like, and the exterior one, IABK,
paffing through the two Parbelia neareft the
Sun AB, but fo weak and faint as fcarcely to
be feen. 6. Among thefe four Parbelia, one,
wiz. the Parbelium B, appeared to have a Tail,
Comet-like, ex;cndmg to E, the Part oppofite
to the Sun 8.

A. But, Sir, in viewing this Scheme, doth
not I reprefent the Point vertically over the
Ohfcrvatm}' O, as well as the Centre of the
great white Circle; and fo the Spectator would
- fee the true Sun, the Hal's, and the two Par-
belia,

R S i e e
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belia, A, B, before him, and the other two,
C, D, behind him; would he not ?

B. Yes, that is the right Way to conceive
a true Notion of the Phenomenon.

A. Pleafe to let me know how the Philo~
fophers fay they are formed?

B. The great white Circle all round you
is formed by the Reflection of the Sun, from
thofe icy Particlesfloating in the Air of the fame
Height of the Sun; and therefore the Sun muft
be in it, as at S: The Hal's FH and IK are
produced as before faid : The Parbelia ABCD
are produced by two Refractions and one Re-
flection of the Sun’s Rays falling on the icy
Particles in certain Parts of the white Circle ;
whence there is an Image of the Sun not onl
formed, but painted with the Colours of the
Bow : But the Caufes of thefe Phenomena are
not fo obvious as thofe of the Rambow and
Halo’s, and therefore we leave them *,

A, But, before we quite difmif$ this phan-
taftic Subject, pray give an Hint what that
Phenomenon may be we call Virge 2

B. This is only an Apparition of the Sun’s
Rays darting through the Interftices of the
Clouds, or otherwife, in the Form of a Bundle
of Rods as it were. And now, from thole
Things which are fituated {o remote from us,

* Ifthe Readerbe defirous of fecing a large and more vari-
ous Account of Hals’s, Parbelia, and other Appearances of the
Kind, let him perufe Sir lfaac Neavton’s Optics, Book I, Part 2.
Prop.g. Dejeartes’s Meteora, in his Opera Philofoph. Mr. Hugens's
Account of the Caufes of them, in Philof. Tran/. N° 60. Alfo
N° 22, 129, 13, 47, 102, 250, 251, 262 ; and all the Authors
referred to in Note *, Page187.

I and
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and ina Region altogether inacceflible to Man-
kind, let us defcend to the Contemplation of
the manifold Curiofities and Wonders difco-
vered in a Place we know better, and nearer
Home ; to wit, in the Globe of our Earth.

A. With all my Heart, Sir; for I cannot
fay, indeed, but that I am almoft weary with
travelling fo long through all the ethereal Re-
gions of the Univerfe ; yet, asit hath been on
the Wings of Contemplation, and I am fatu-
rated with the delightful Cariefities of Nature,
I am {o far from regretting it, that I count

it the beft and moft profitably ‘fpent Part of

my Time.
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Philofophical Grammar:

Or, VIEW of

Modern Philofophy.
S AR

GEOLOGY:
CONTAINING

I.A philofophical View of the ferraqueons Globe.

IILL Thf: Phﬂc:ﬁ:rphy of Eartbs, Stones, Mffm’.r,
Minerals, &e.

HI. The Philofophy of Water, viz. the Seas,
Rivers, Springs, &c.

IV. The Philofophy of Plants and Vegetation.

V. The Philofophy of animal Bodies, viz. the
buman Body, Brutes, Fowls, Fifbes, Infelts,
Reptiles, Shell~Animals, &c.

Shewing the wonderful Difcoveries of the modern Naturalifts
in thofe Parts of Science.

Cab A By L

. GEOLOGY, orthe general Doctrineof the Globe;
of its various Divifions and Subdivifions ; of
the Viciflitude of Seafons, and other gfﬂfml

Affections.

A. THRAY, what is imported by the Wnrd
Geology ¢ |
4. B. A
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B. A Difcourfe of the Earth in general, or
Terraqueous Globe, as conlfifting of Land and
Water, from the Greek Words o4, the Earth,
and Acyoes, a Difcourfe.

A. How is the Earth divided ?

B. The firft great and moft general Divificn
of the Earth is into Land and Water; which
again are {everally fubdivided into other lefler
Parts.

A. Pray how is the Land fubdivided ?

B. Into the following Parts, viz.

1. CoNTINENTS, which are great Tra&s
of Main Land, containing whole Countries
and Kingdoms; as Europe, dfia, Africa, and
America.

2. Is,axps, or Parts of Land environed
by the Sea; as Britain, ‘fapan, Madagafcar,
e "

PeNiNsuLAs, which are Parts of Land
encompaﬂed by Water, excepting on one Part,
by which they are joined to the main Land,
or Continent ; as Morea, &c.

4. Istamus is that Neck of Land j jmmng
the mergﬁdfz to the main Land.

. PROMONTORIES, or Capes, are thofe high
Parts of Land which run far out into the Sea
in a Point; as the Cape of Good Hope, &c.

* See an Account of a new Ifland raifed out of the Sea near
Saturnini in the drchipelago, May 12, 1707 by Dr. Sherrard, in
Philof. Tran/. N° 314. Alfo of another new and burning liland
raifed out of the Sca near Tercera on Nowemb. 20, [?zn, by
7 bomas Fofter, Efgq; No. 372, This Ifleis in Lat. 38° 29, and
Long. 262 33°. In N@ 3061, there is an Account of the Sunt
Ifland, as it is called, in the Humber, which was recuvered

rom the. Sea about fcvcnt:,r Years ago, and is about nine Miles
in Circomference, and has a very fat and fertile Soil.

A. And
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A. And, pray, what are the Subdivifions of
the Water on the Globe ?

B. Thefe following, viz.

1. Oceans, are thofe vaft ColleGions of
Water which cover fome greater Parts of the
Toarth’s Surface ; as the Atlantic Ocean, Mare
del Zur, &c.

2. Sgas; thofe are lefler Afflemblages of
Water, which lie before, and wafh the
Coafts of fome particular Countries ; as the
Ethiopic, Indian, Arabian, &c. Seas.

3. GuLrHs, are thofe Parts of the Sea
every where environed with Land, except one
Paflage whereby they communicate with, the
Sea; as the Arabian Guiph, &c.

4. STRAITS, are thofe narrow Paflages of
Water which either join a Gu/ph to the neigh-
bouring Sea, or one Part of the Sea or Ocean
to another ; as the St¢raits of Guraltar, &c.

5. RIVERs, are Streams of frelh Water
arifing from fome Fountain-head, which b
a continued Current arrive and difcharge
themfelves into the Sea *. |

A. What other Divifions do you make on
the Surface of the Globe?

B. The Earth is again divided, with refpect
tothe Length of Daysand Nights,into Clunctes.

A. What do you call a Climate ?

B. CuimaTes are fuch Parts of the Earth’s
Surface on each Side the Equator, and parallel

# gee an Account of theRife of feveralof the moft confider-
able Riversin Eurepe by F. G. Schinchzer, F. R.S. in Philf.
Tranf. N° 406. Sce alfo N° 119. And Faren, Geog. gener.
Lib. L. Cap. 16. throughout.

thercto,
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thereto, that the artificial Day in one far-
paficth that in the other by half an Hour.

~ A. Arethere yet any farther Kinds of Di-
vifions of the Earth’s Surface ? '

B. Yes, and a very remarkable one too,
oiz. into the Zones, called the torrid, tems-
perate, and frigid Zones *. _

A. Pray what doth the word Zone mean ?
' B. It is derived of the Greek {uvn, a Belt, or
Girdle; becaufe they, being large parallel Parts
of the Earth’s Surface, do encompafs the Globe
of the Earth, as a Be/f doth the Body of 2 Man.
4. What is the forrid Zone, and why is it
fo called ?

B. In the Map adjoined, you may obferve a.
certain Space on the Earth’s Surface, overthe
Middle of which pafleth theEquator, ands
included between two double Parallels, oneto-
wards the North, calledthe Tropicof Cancer,
and theother Soxthward, called the Tropic of
Capricorn; overall this Space, from the Neorth
to the Souzh, you may obferve the Line called
the Ecliptic, or the Sun’s Path, dothpafs; and
confequently doth at fome Time of the Yearor

~ * Virpil and Owid have both given a very beautiful Déﬁ:rip-’
tion of the Zanes ; of which the lateér, in Engii/b, rups thus:

And as two equal Zones on either Side,
On left and right, the meafur’d Heav’ns divide :
While the fifth rages with intenfer Heat;
So the fame Lines the parted Globe compleat :
Exceflive Heats poffels the midmoft Place,
A fad, aduft, inhabitable Space ;
On two, eternal Hills of Snow are feen,
Andtwo, indulgent Heav’n has plac’d between,
Whole Climes a due proportion’d Mixture hold,
‘Temper’d with equal Parts of Heat and Cold. ;

- - ' other

-
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ether pafs twice over every Part thereof, and
by its perpendicular Rays doth greatly heat
-and fcorch it ; and from its being thus zor7i-
fied by the Sun’s exceflive Heat, it is called
the zorrid Zone. |
A. Which doyou call the zemperaze Zones?
B. Thefe are two Tractslying nextthe forrid
Zone, one on the North, the other onthe Souzb,
_ each bounded by, or contained within, the Tro-
pics and Polar Circles, as are plainly difcerned
1in the Map; they are called temperate, becaufe
- the Sunnever pafieth over any Part of them,but
fhining obliquely on them,maketh them to have
. always a moderate Degree of Heat and Cold.
A. And where do you placethe frigid Zones?
B. They are thofe two Tra&s of the Earth’s

Surface contained within the Polar Circles,
- Northward and Soutbhward, as you fee in the
. Map ; over the Centre of each of thefe is the
- Pole ; the Sun being at a great Diftance from

thefe, and abfent fo long from feveral Parts

thereof, together with the great Obliquity of
- his Rays when prefent, caufeth prodigious
Cold continually over all thofe Parts; and they
are therefore called the frigid Zones. |

A. Pleafe to let me underftand the Reafon
- of the different Degrees of Heat and Cold, in
. any one Place, throughout the Year.

B. This will be beater apprehended, if we
firft difcourfe a little of the various Seafons,
' and their Caufes, in which the Differences of
. Hear and Cold are found ; and firft, if you

_ ¥Iﬂafe, we will enquire the Reafon of the dif-
erent Length of Days and Nights.
A. That
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4. That will be very acceptable to me ; for
I muft confefs to my Shame, though I have
lived fo many thoufand Days and Nights, I
could never yet tell why one waslongeror fhort-
er than another ; be pleafed therefore to make
the Matter evident, if poffible, by a Scheme.

B.Yes,Iwill warrant it is poflible. Caft your
Eyes therefore on Fig. XXXI. on Plaze XXI.
fronting Page 234, and view well the Situation’
of the Globe; it is there in its proper Pofition
for London, which you fee in the Zenith at I,
whofe Horizon is the Line HO ; all under
which to us is dark, and all above it light.

A. Very good, {o far I can follow you; pray
go on.

B. Then next you muft conceive the great
Circle OPQ_to be the Meridian of London, on
which the Sun comes every Day at Noon, and
every Night at Midnight, on fome Part of it
‘or other. _

A. But, pray, why do you fay on fome
Part or other ?

B. Becaufe the Sun is never precilely on the
Meridian in thefame Place two Days together;
but every Day declines from, or approaches
nearer to, the Eguinoétial Line EQ, which
furrounds the Earth in the Middle. -

<. Pray how far does the Sun decline from
the Equinotlial at moft ?

B. The Sun, from March 11 to fune 11,de-
clines from /B toT, whichis 239 30, or 16332
FEingliyh Mileson theEarth’s Surface; then, from
June 11 to Sepe. 15, it returns again from T to
the Equinotiial /E, from which it paffeth to V,

where



The Inequality of Days and Nights. 223
where it i1s found about December 10; and
thence returns again to /E by March 10.

A. Then I fee the Sun is nearelt London at
T, at a mean Diftance in A, and farthef(t of
all from us at V. :

B. Yes, it 1s {o: Now obferve the Sun in the
Meridianat thefe three {everal Places, T, &£,V ;

«then, becaufe the Earth turns each Day
once round its Axis PD, the Sun in each of
thofe Places will defcribe a Circle; one of
which, vzz. the middle one, AQ, will be the
Equinoétial itfelf; and the other two, TR and
VW, will be parallel thereto on either Side,
and are the Tropics of Cancer and Capricorn.
Do you underftand me, Sir?

A. Yes, pretty well; you mean, that the
three Lines, TR, /E, VW, reprefent the Path
of the Sun from Noonin T, A&, V, to Mid-
night in R, - Q, W, on Fune 10, March 10,
and December 10, do you not ?

: B. Yes, youtake me very right; now it is
obvious, when the Sun has paffed half Way
from Noon to Midnight, it will be found in
the Line PD, (the fame here as the Earth’s

~ Axis) in the Points G, Y, M, and that then it
1s Six o’Clock; alfo, when it touches the Ho-
rizon in XYZ, it there fetteth from our Sight,

. and confequently ferminateth the Day, and
| beginneth the Night, on thefe Days.

A. Very well, Sir, 1 believe I fee your
Conclufions already.

* B. Indeed, Sir, they are very evident : For,
1.Suppofe the Sun in A the Equinoftial, then
it is apparent, that it will on thefe Days, viz.

P - March
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March 10, and Sept. 12, be in the Horizon Y
precifelyatSix o’Clock ; and therefore his Path
by Day AY, will be juft equal to the fame by
Night YQ. 2. Suppole the Sun at T, as on
fune 10, then it is at Six o’Clock in G above
the Horizon a great Way; but it defcends the
Horizon at X; and therefore the daily Arch
TX 1s longer than the Arch by Night XR, by
the Difference GX, 3. Suppofe the Sun in
.V, then the diurnal Arch VZ is juft as long as
the noGurnal Arch XR before, and the noc-
turnal Arch ZW is here the fame Length with
the diurnal Arch TX, in the foregoing Cafe.
Do you underftand me hitherto ?

A. Yes, I believe T do: As the Sun declineth
from /& to T, and back again, theLength of
Days exceeds the Length of Nights, in as
much as it muft pafs fome Diftance beyond
the Six o’Clock Line GY, before it can come
to the Horizon; and on the contrary, while
it is between A and V, it meets with the Ho-
rizon before it comes on the Six o’Clock YM, °
and therefore the Days are fhorter than the
Nights, by juft fo much as the Nights are
fhorter than the Days in the other Cafe: This
is what you mean, is it not ?

B. Yes, the very fame: I have only this to
obferve, that the farther you go Northward,
the greater is the Difference or Inequality of
Days and Nights ; and the contrary.

A. That I alfo perceive plainly from the Fi-
gure; for the nearer HO inclines to £Q,, the
greater will be TX, and the lefler VZ, or the
greater will be GX, or MZ, the Difference of

- Day
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Dayand Night : But, pray, what meansthatob-
fcure Part of the Night, comprehended be-
tween HOADB, which is neither dark norlight?

B. It is the Crepufculum,or what we callthe
Tawilight, the Line AB being 18 Degrees be-
low the Horizon HO, and during the Time
the Sun paffeth from HO, to AB, in the Pa-
rallel of any Day, his Rays, are partly refract~
ed by the Aemofpbere; and fo we have fome
faint Light ’till he gets below the Limit AB,
when we are left in total Darknefs.

A.J underftand you mean,itisTw:/;ght while
the Sun paffeth from X toR, from Y to S, and
from Z to M, on the Day the Sun defcribes the
Parallels TR, £Q_, and VW ; do you not ?

B. Yes, I do; and hence, at Loundon, you
may obferve that when the Sun is in T, that
is, in the Tropic of Cancer, there i1s no dark
Night at all; for the Parallel of that Day TR
doth not touch AB, nor will it for about
a Month before and after ; that is, from May
11, to fuly 10, there is no dark Night.

A. Pray, when doth the fhorteft Twilight
happen in all the Year ¢
. B. On October 1, and February 19 ; for
then the Sun defcribes the Parallel, whofe
diftance eo is the leaft, between HO, and AB,
of any other whatfoever *,

A. Well, Sir, I thank you for your Labours
to re@tify my Notions of Day, Night, Twiight,
&c. of which, tho’ they are common Things,

* See the Method of inveftizating the thortet Tawi/ight in

Dr. Keill’s Afronom. Le&. XX, Page 233, _
P.2 yet,
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yet, I neverhad agood Notion before now : Nor
do I yet well conceive the Reafon and Manner
cf the various Changes and| Vieiffitudes of the
Seafons which happen through the Year ; and,
if you could reprefent this to me in a Figure,
I fhould be greatly obliged to you.

B. Thave contrived a Scheme for that very
Purpofe (Fig. XXX, on Plate X1X, fronting
P- 228.) which pleafe only to view very care-
fully, and you will fee therein a natural Re-
prefentation of a whole Year.

A. Sir, I obflerve it with all Diligence, and
fee feveral Things therein very remarkable :
But yet, I beg you would pleafe to point them
out in the natural Order, in which they fhould
be confidered, that I may the better apprehend
the Defign of the whole. g

B. That I will; and /72, you obferve in the
Centerof the Scheme is placed the Sun S; about
which, at a great Diftance, is the circular Orbit
of the Earth, called the Zodiac, divided into its
12 Signs, vz. v, 8, O, o, &, w, o, &¢. in
which you feethe Earth in four feveral Pofi-
tions; the /ir/l inAries v ; the fecond in Cancer
% ; the tdird in Libra= ; the Jourth in Capri-
¢con; w within this there is a dotted Circle
of Months, thewing the Time of Year when the
Earth is in any Part of her Orbit: Now with
regard to the Earth itfelf, you fee its Pofition
every where is fomewhat inclined to the Plane
of her Orbit; that is, the Earth’s4x/s NS doth
not ftand perpendicular to the Plane of her Mo-
twn, or (which is the fame) is not parallel to
thedxis of the faid Plane, but maketh an Angle
therewith equal to the Angle made by the In-

- ter{ection
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terfeltion of NS with AK; for this AK
you fee is always a Diameter of that Circle
which boundeth Light and Darknefs on the
Earth’s Surface, and is every where perpendi-
cular to the Plane of the Earth’s Motion, or pa-
rallel to the Axis of that Plane. Now the
Earth’s Axis, thus inclined, is every where pa-
rallel to itfelf; that is, the Angles NvA in the
Jirft, and No A inthe fecond, N=A in the tbird,
and NwA in the fourz/ Pofition of the Earth,
are all equal to each other, and fo are equal in
cvery other Pofition through its Orb.  The
Quantity of this Inclinationor Obliquity of the
Earth’s Pofition is 66 Degrees 30 Minutes,
equal to the Angle N«R, &¢. Now it is evi-
dent, that, by Means of this parallel Inclination
of the Earth, the Nor¢h and South Parts of the
Earth, orits Poles N and S, will be fometimes
nearer the Sun, fometimes farther off, and
fometimes each Pole will be equally‘diftant
from the Sun; and from hence we fhall fee the
Reafon of, and how the Seafons are all pro-
duced. For, 1. In the i/ Pofition of the
Earth inA4rzes v, about the 12th of September,
and in the #bird Pofition in Libra, in March
the 1oth, it is evident the Sun doth there en=
lighten the Earth from Pole to Pole, or the
Circle bounding Light and Shadow doth then
pafs through the Poles, and confequently at
equal Diftances from the Equator £Q_(in
which the Sun then appears) the Sun’s Heat
will be equal on both Sides; and thus an E-

uality of Days and Nights, joined with a mean

‘roportion of Heat, conftitute thofe swo Sea-

r AR fons
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_ﬁ-w of the Year, we call Spring and Autumn.
Again, in the fourth Pofition of the Earth
in v, about the roth of Fune, when the Sun
will appear in the oppofite Sign Cancer =, it
is plain the Norzh Pole N, and all the Parts
about it to the Diftance of A, will be fituated
nearer towards the Sun than before ; and all the
South parts removed farther imm the per-
pendicular Rays thereof. The perpendicular
Rays of the Sun here fall on R, which is
diftant from the Equator Q Northward 23
393 and therefore all Places in North Latl-
tude, receiving the Sun’s Rays nearer their
Vertex, or Zenith, will find a greater Degree
of Heat, andalonger Continuance of his Light
by Day, and therefore have now their Summzer,
as- at London, while all the Inhabitants of
Soutbern Latitude have their Winter. :
Laltly, in the fecond Pofition of the Earth in
%, the Sun will feem in Capricorn vs: It is
manifelt the Norzh Parts will here be in Dark-
nefs, and have their Winter, as they in South
Latitude had theirs, in the laft Pofition ; that
15, by being removed farther from the Perpen-
dicularity of the Sun’s Rays ; and under the
Obliquity of the Sun’s Rays the Heat is dimi-
nifhed, and alfo the Duratian of his Light by
Day; which together muft caufe /#inter in
all the Norzbern Latitudes. I hope you have
underftood me through this long Harangue ?
4. Indifferently I have; and can eafily fee
from this Schemethe Reafon why we muft have
thole Vici(litudes of Seafons, as you have ex-
plained it : But I really thought Summer had
been
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been occafioned by the Sun’s being very near
us, and the Winter by his going farther from
us, till I faw you affign other Reafons for it.

B. Aye, that is the general Miftake of com-
mon Pcople, they think the Sun is really
nearer in Summer, and farther off in Winter;
when the truth is juft the contrary, for the
Sun is much nearer in the #inter to our Earth
than it is in the Summer.

4. This is a ffrange Paradox, indeed; pray
how do you make it out?

B. Nothing is more cafily proved ; for look
once more on the Scheme, and heed it well,
and you will fee the Earth’s Orb is not a
Circle, but an Oval, whofe longer Diameter is
e S v, in which the Sun is ; but much nearer
@, 1n which the Earth is at 77nter, than v,
its Place in Summer.,

A. 1 underftand you very well, Sir; you
mean, the Diftance SP is lefs than the Diftance
SR ; which I did 'not before obferve indeed,
though I might, for it is obvious enough.

B. It is right, I fee yon apprehend me well ;
and therefore you will alfo underftand, that
the Summer half Y ear is fomewhat longer than
the Winter half Year ¢ that is, the Part of the
Earth’s Orb = v v is greater than the other
Part = = v, and therefore more Time will be
requifite to pafs the Swummer half Year than
the #inter, by about eight Days ; and hence,
alfo, the San will feem to move fomewhat
{lower in the Summer than in Winter*.

* For a muchlarger and clearer Illufiration and Reprefenta-
tion of thefe Matters, fee my large Print, entitled, Synops1s
ScienTi®E CoELEsTIS; or, The Knowledge of the HEAVENS
gud the EARTH difplayed.

P A, All
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A.All thefe Things evidently follow indeed,
Sir, from the Confideration of theEarth’s Orbit
being an Elipfis : But I am not fully fatisfied
about the Sun’s Heat being {o weak and faint
in the #inter, when the Sun is really neareft
to us; and f{o very ftrong and intenfe, when
the Sun is really farther by much from us.

B.You will {foon fee the Reafon of that when
you confider, 1.That it is not the Rays which
fall on us, but thofe which are reflected back
from the Earth’s Surface, that chiefly heat us.
2, That thofe which fall on us moft direétly,
or nearcft to the Perpendicular, are the moft in
()\l_lﬂﬂtlf}’,‘and a¢ton uswith the greateft Force;
Thus,in Fig. XXXII. on Plare XXI, fronting
Page 274, the Rays of the Sun, on the longeft
Day of Qi’;?}??i’lt‘.’i‘", fall on London, under the An-
gle TLO,in Sprﬁz g,0r Autumn, under the An-
gle ELQO, and in the Midft of Winter, under
the Angle VLO, and the (?Luantat}f of lhﬂfe An-
gles are refpe&wely 6¢%, 38° 305 15°; where=
tore the Force of the bun s Rays, in each of
thofe Cafes, thall be proportioned to the Sines
of thofe Angles, which are, as 88294,62251,
and 258815 thatis, 10,7 %, 3, nearly, for thofo
Numbers are in Proportion to the Sines TA,
AB, and VC, of the aforefaid Angles: The
Quantity of the Rays alfo falling on the fame
Extent of Surface is greater or {maller, as their
Obilqu;t} is lefler or greater, and {o the Inten-
fity of Heat is greater and {maller ; and there-
fore the Sun’s Heat in Winter mu{’c be weak-
eft, becaufe then the Sun’s Rays fall moft ob-
]iquely on us. Befides, 3. That Rays of the
Sun pafs thmurrh a much greater Part of the

| o
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Atmofphere in the Winter than in Summer (as
1s evident from viewing the fame in the fecond
and fourth Pofition of the Earth in the Scheme )
and therefore muft be, when arrived to us at
L, more weak and faint, in the fitft, than in
the latter Cafe *. 1. Sir

* 1. The Numbers above, viz, 10,7%, 3, fhew the comparative
Intenfity of Heat of the Sun’s Rays, under the feveral Altitudes
TO, O, and VO, fimply, or in themfelves confidered ; but ¥
we would know what Proportion all the Heat of one avbole Day
bears to all the Heat of any other, it is a Problem of another fort.

2. This Proportion is exprefled by the Areas of two Figures
ABC and 'DEl!?{in Fig. LXI. on Plare XX, fronting . 233.) the
Bafes of which, AB and DE, are the Times of the Sun’s Con-
tinuance above the Horizon ; and the Perpendiculars erected
thereon, and conneéted by the Curves ACB and DFE, are the
‘Times of his feveral Altitudes for the given Days ; that is, the
Heat of one Day is to the Heat of the other, as the Sum of all
the Sines of the Sun’s Aliitude on the firlt Day, is to the Sum
of all the Sun’s Altitudes on the other.

3. But to exprefs this more readily for any Day, the incompa-
rable Dr. Halley has invented a general Rule or Canon, which
he has given with irsDemonftration in Phbilofoph. Tran/.N® zo1,
" which, as being very curious and important, I fhail here ex-

plain and exemplify. . -

4. The Rule is : Multiply the Sum of the Sines of the Meri-
dian Altitudes in any two oppofite Parallels into the Sine of the
Semidiurnal Arch ; alfo multiply their Difference into the fame
Sine ; the Sum of thefe two Produéts for the Summer, or their
Difference for the Winter, is as the Sum of all the Sines of the
Sun’s Altitude, or as the Heatof the Day propofed.

5. For Example : Let the Proportion of Heat be fought for
the 10th of gwe and December, when the fun isin the Tropics
of Cancer an Capricorn, for the Lat of 51° 32". Then,

- Nat. Sines,

The Sun in Cancer, Mer. Altitudeis TO=61° 58'=,882674

TheSun in Capricorn, Mer. Altignde VO=14° 53“:, 2582¢c+

The Sum of thefe Sines is | — -— 1,140031

Their Difference is —_— — 0,024417
The Mot. from 12 to 6 is 90% o'=TG;
The Afcen. Diff. isthen . 33° 1/'=GX;
The Sum is the Semidiur. ﬂrcﬁ} i l;;g_f-x-.
for the Summer Day ' GEsi Sine

he Diff. is the Semidi. Arch } 5o
ngr the Winter 33:,“&‘ : } 568 49'=vz 2836923
' Again,
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A. Sir, you need fay no more ; Tam fuffi-
ciently convinced there is abundant Reafon for

the

Again, the Radias being o i 1,000000

The Circumference of the Circle will be =—6,283185

And the Meafureof the Summer Arch123° 11’ =2,140955

And the Meafure of the Winter Arch 56° 49" =0,991683

6. Having thus prepared the Numbers, then, according to
the Rule the Product of 1,14c931 by 0,836923 added to the
Produt of 0,624417 by 2,149955, is equal to 2,29734, which
exprefles the Heat of the Summer’s Day. In lhike manner,
1,140931 by 0,836923 fubtracted from 0,624417 by 0,991683,
leaves ©,33895 for the Heat of the Winter’s Day. But thefe
two Numbers 2,29734 and 0,33895 are to each other very
nearly in the Ratio of 7 to 1, which fthews that the Quantity
of Heat on June the 10th is feven Times greater than that on
December the 1oth, all other Circumitances being alike.

7. According to this Rule Dr. e North I Conth,
Keill has computed the Heat of fﬁg;}jz_ 3
the Sun for every five Degrees of
its Declination Nerth and Sowsd,
at the Latitude of 51°0'as in the
Table here adjoined. '

o |1.2582411.25864

5 [1:47393{1.04839
10 {1.692630.84508
15 [1.91489l0.65001
20 |2 1191g!3.46916
235 12.29910]0.37980

8. Dr. Halleydid alfo from this 7 .at. Sun in,Sunin |Supin
Rule calculatethe annexed Table, e s i
fhewing the Degree or Quantity of | ____
Heat at every ten Degreesof La-| 4
titude for the Egquinofial and Tro.
pical Swn both Summer and Win-
ter from whence alfo an Eflimate
may be made for the intermediate
Degrees.

20000| 183471 | 18341
10 |16696| 20290 | 15834
zo (1879421737 | 13166
30 l17321}22651 10124
40 |15221/23048| 6944
5o |12855|22991| 3798
6o |10000|22773| 107§
0 | 70 | 6840|23543| o000
H!t 80 | 3473124673| o00
_ -1 | go ! coool25055| ©00
. From thefe two Tables Dr. Kei/lhas well obferved the Ad-
vantages arifing from the prefent sbligue Cour/feof the Sunin the
Ecliptic, above what could have been enjoyed had theEarth had
a right Pofition, or the Swun moved continually in the Equinoftial
Line, as Dr, Burnet, and fome other Theorifls, pretend it did,
: 10. For
4
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the Differences of Light and Heat, and all the
Variety of Seafons through the Year, though I
pever was fo happy as to underftand it before:
We will now proceed to difcourfc of the inter-
nal Subftance of the Globe, if you pleafe ; for
I have feveral Matters of great Importance to
enquire of you about, relating to its Conflitu-
tion, Texture, and various conflituent Parts.
B. Sir, none will more gladly take the
- Pleafure to refolve you, according to the Judg-
ments of the beft Philofophers of the Age,
than your humble Servant: Pray therefore
make a Beginning.
10. For from the £rt Tableit is evident, the Sum or feral
Heat, which the Earth receives in Lat, 51° N. while the Sun
defcribes any two oppofite Parallels, is greater than the Heat
of two Equinodtial Days there ; for Example, the Heat of the
Sun in the zoth Degree of North Declination is 2,13919, and
in the zoth Degree of South Declination, it is 0,46916, the
Sum of both thefz, is 2,60835, which is greater than 2,51728,
the doutle of the Heat of an Equineétial Day 1,25864. And,
by the fecond Table, it appears all Latitudes beyond 45 De-
grees enjoy this Benefit, and they alone need it.
ti. Again, the fame Gentleman proves that the Torrid Zone,
andto near 46 Degrees in the Temperate Zones, the Heat of
the Sun is /g/¢ in the prefent Cafe than it would havé been in
the other. Thus the Sun’s Heat defcribing both the Tropicks,
to thofe under the Eguator, is twice the Number 18341, @iz.
36682 : but the Heat of two Equinoétial Days 1s 4o00co,
which is a great deal more than the other, and therefore the
prefent Pofition of the Earth is moft convenient for them, and
confequently for all the people of the Earth, and proves it to
be that which it firft received from the Hands of its Allavife

Former. See Dr. Keill'sExam, of Dr. Burnet's Theory of the
Earth, p. 70 to 76.

C'H A E.
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B . |

GEOGRAPHY, or the PHIILOSOPHY of fhe
ConsTiTUTION, TEXTURE, and conflitu-
ent PARTS of the EARTH, deferibing the
various STRATA’s of EarRTHs, Fossivs,
MiNERALS, METALS, STONES, and other
Jubterraneous SUBST ANCES.

A RAY, what is the internal Make and
PCunﬁitutinn of the Globe of our Earz4?
B. The Eorth, generally fpeaking, is con-

ftituted of the two Subftances of Earth and

Water ; the Water, as the lighter Part, poffef-

fing the greateft Part of its Superficies ; and

the Earth being the heavier Body, making up
the internal Compofition ; about which it is,

I prefume, you here folely enquire *#,

A. Yes, what I would know is, of what the
internal folid Body of the Ear#h doth confift ?

B. To this I can only anfwer, that {o far as
it is within our Scrutiny near the Superficies,
we find it to confift of different Strata, orLay-
ers of Earths, Minerals, Metals, Ores, Stones,
and various other compound Bodies both hard
and foit: But what the more internal Parts or

Compofition of it may be, we can tell but very

little : However, the deeper you go, the folider

and more compa& you find its Matter to be,
and the more firmly and ftrongly does it co-
here together ; yet it is very certain, that with-
in the Entrailsof the Ear75 are many Caverns,
Recefles, Windings,Conveyances, and vaft Re-

* See a noble Defeription of the firlt Formation of the Earth
and the Heavens from their Chaotic State, in Owid’s Princip.
Metamorph. Lib. I. and Milton’s Paradife Loft, Book IIL. ver.
y09; and Book VIL. ver. 216, to the End,

5 ceptacles
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ceptacles of Water, fulphureous Subflances,’ &e.
which are often the Caufe of Earthquakes, and
fupply Pulcanoes with their fiery Eruptions, as
Mount Atna, &c *,

A. What do you fuppofe to be in the very
Middle of the Earth ; that is, in and about itg
Center ¢

B. No body can certainly tell; the Earsb’s

‘Center is near 400 Miles from us, and we can
penetrate towards it but a few Fathoms; how
very unlikely then is it, we fhould know
any Thing at fuch a vaft and impervious

* Sir J/aac, mentioning feveralExperiments made with com-
buftible and explofive Subftances, fays; —¢¢ By thefe Experi-
““ ments compared with the great Quantity of Sulpbur with

"% which the Earth abounds, and the Warmth of the interior
¢¢ Partsof the Earth, and Aer Springs, and burming Monntains,
*“ and with Damps, mineral Corufeations, Earthquakes, hot fuffo-
““ cating Exbalations, Hurricanes, and Spouts, we may learn,
‘¢ that fulpbureous Streams abound in the Bowels of the Earth,
¢ and ferment with Minerals, and fometimes take Fire with a
¢ fudden Corufcation and Explofion, and if pent up in fubterra-
* neous Caverns, burft the Caverns with a great Shaking of
¢ the Earth, as in{pringing ofa Mine, And then the Vapour
““ generated by Explofion, expiring through the Pores of the
¢ Earth, feels bot and fuffocates, and makes Tempefts and Haur-
“‘ ricanes, and fometimes caofes the Land to fide, or the Sea to
“ boil, and carries up the Water thereof in Drops, which by
““ their Weight fall down again in Spowrs. Alfo fome ful-
‘¢ phureous Streams, at all Times when the Earth is dry,
““ afcending into the Air, ferment there with nitrous dcids, and,
““ fometimes taking Fire, caufe Lightning and Thunder, and
‘¢ other fiery Meteors.”” Optics, Book II. Query 31.

See feveral furprizing Accounts of Water-Spoutsin the Med:-
terranean, in Philof. Tranf. N° 297, Two in Yorkibire, N° 281,
284. One in Lancafbire, N° 363, Another in the Downs,
N°® 270. That the Reader might have fome Idea of thefe
Spouts, I have here given the Figure of one, Fig. LXIIL on
Plate XX, fronting p. 233, where AB is the Cloud whence pro-
ceeds the curved black Spout C; D is the Water of the Sea,
which at the Spouting u?the Clound boils up, and rifes in the
Form of a folid Pillar to meet the Spout ; GG is the Water of
the Pillar, or Column D, fcattered round about the fame like
Smoke or the Fallingofa Jerte & Eau; EFis theSurfaceof the Sea.

Diftance ?
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Diftance? However, the learned Dr. Halley hasg
made it very probable, that a great magnetic
Body, or Load-Stone, doth pofilefs the central
Parts of the Eaertd; which occafioneth the
Variations and Declinations of our magnetic
Needles, which always conform themfelves to
the Site and Direction of this central Maguet,
or Load-Stone ; which is {uppofed to deviate
from the North and South Points, and from
the horizontal Pofition, with refpeét to us *.
A. If that be fo, it is very wonderful, and
a noble Difcovery : But, pray, what is it binds
" the feveral Parts of the Earth, or makes them
cohere fﬂclufﬁly-togetllei'? bt
B. The Coherence of the Earth is entirely
owing to the Power of Gravity, or the Weight
of its conflituent Parts ; whence, as 1 before
{aid, it is reafonable to believe the moft weigh-
ty and folid Bodies lic neareft the Centre of the
Earth, as being the Centre of Gravity itfelf,
A. Well then, fince the more interior Parts
of the Earth are {olittle known, weleave them,
and content ourfelveswith what is to be known
near the Superficies of it on which we lives
and, pray, what do you firft obferve thereof ?
B. That it does confift of Bodies of a he-
terogencous . or different Nature intermixed
with one another of different {pecific Gravi-
ties, difpofed in Manner of Beds, which are
called Strata or Layers of Earth, Stones, Mi-
nerals, &c. one under another. '

% See a large Differtation on this Subjeé, and the whole
_ 'Theory of the Magnetical ¥ariations of the Needle, by the faid
learned Dr. Halley, in Philof. Tranf. N° 148 and 195, or the
{ame tranfcribedinto Harris's Lexicon,underthe Word/Fariation.

A. Pray
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A. Pray in what Order do thefe Strata, or
Beds of Earth, &c. lie among themfelves ?

B. That they do not liec in Order of their
fpecific Gravities, is evident (and fo not every
where alike) from the order of thofe obferved
in digging a Well at dmflerdam 232 Feet
deep; which wasthus; feven Feet of Garden
Mould; nine of Turf, or Peat; nine of foft
Clay ; eight of Sand ; four of Earth ; ten of
Clay ; four of Earth; ten of paving Sand; two
of Clay ; four of white Lome; five of dry
Earth; one of muddy Earth; fourteen of
Sand; three of a Sandy Clay; five of Sand
mixed with Clay; four of Sea-Sand mixed with
Shells; then 102 of Clay together ; and, laftly,
thirty-one of Lome: Thusyou fee the different
‘Make of the outward Parts of the Earth,
which is very different in different Places.

. Pray how came the Difpofition of thofe
various S¢rata,or Beds of Earth and Minerals?

B. This is not known as to the Time;
fome fay at the Creation, othersat the Flood:
othersfuppofed, that in the chaotic State of the
Earth the heavier Bodies {ubfided, and lay in
this Order by the Laws of Gravitation ; but
Experience rather contradiéts than confirms
this Hypotbefis.

A. What Diftin&ion, or Divifion, do you
make of earthy Subftances or Bodies ?

B. They may be redaced to thofe general
Heads : 1. Earths. 2. Ores. 3, Foffils. 4. Mi-

*® See Varren. Geog. Gener. Lib. 1, Cap, 7, Prop. 7. Alfo
read Dr. Wyodward’s Natural Theory of the Earth; and Dr,
Arbutinot’s Examination thereof, and his Comparifon of Dr.
Woodward’'s and Steng’s Hypothefcs, which is well worth the
Reader’s perufing. -

nerals,
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nerals. §. Metals. 6. Stonmes. 7. Extraneous
Bodies or Subflances.

A. What do you include under the firft ge-
neral Head of Earths ?

B. All thofe fofter earthy Subftances we call
Clay, Lome, Marl, Sand, and difterent Species
of Eartbs, as Terra-"faponica, Lemnia, Arine=
nia, &cC.

A. Pray what do you think to be the Caufe
of thofe Differences of earthy Subftances now
mentioned ?

B. The Reafon why they are differently
hard, foft, coloured, qualified, &¢. arifeth
from different Degrees of the univerfal and
fpecific Properties of the original conftituent
Particles of Matter, which each different Spe-
cies poffefleth in a different Meafure ; and this
is the moft that can be known of this Matter.

A. What do you include under the fecond
Head of Ores? |

B. Thofe Earthswhich contain confiderable
Quantities of metallic Particles ; being that
which is dug out of Mines, and whence Me-
tals are extracted, and is denominated accord-
ingly, as Gold-Ore, Silver-Ore, &c.

A. How came the Earth to be enriched
with the Seeds of thofe metallic Subftances ?

B. No doubt by the all-wife Creator, for
the manifold Ufes of Mankind.

A. What terreftrial Bodies do you intend
by Foffils ? '

B. Though Fo/ffils be a general Name for
every Thing which is dug out of the Earth;
yet1 here intend thereby, 1.Sa/ts, 2. Sulpburs,

and .
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and fuch like Bodies, which cannot be fo well
reduced to the Heads of Minerals, Metals, and
Stones *,

A. What is the Nature of Sa/z, and the
Kinds of it? _

B. Salt (faith Mon(. Lemery) is a fixed in-
~ combuftible Subftance, that gives Bodies their
Confiftence, preferves them from Corruption,
and renders Bodies favoury more or lefs as
it is diverfly mixed in them ; there are various
Kinds of Salts, as fixed, volatile, eflential, and
foffile ; and faline Subftances, as 4/um, Borax,
Nitre, Tartar, Vitriol, and Sa/ Ammoniac+-.

A. Pray give me {fome fhort Account of the
Nature of thefe feveral Kinds of Sa/zs.

B. I will, but it muft be very brief, for
want of Time.

* The great Boerbaave diftributes Foffils into two Kinds,
$imple and Compound.

Simple Foffilsare fuch whofe parts, howfoever divided, are all
of the fame Nature; that is, of the fame Gravity, Magnitude,
Figure, Hardnefs, and Mobility ; of thefe he reckons four
Sorts, wiz. Metals, Salts, Stones, and Earths.

Compound Faffils are thofe which may be divided into diffe-
rent or difimilar Parts, or are ofdifferent Figare, Weight, Mag-
nitude, &c. and thefe are, (1.) All bard Sulphurs, as Brimfove,
Arfenic, Orpiment, Bitumen, Afphaltum, &c. (2.) All Ziguid Sul-
phurs, as Difajphaltum, or Few’s Pitch, Naptha, Petroleun, &c.
(1.) Semimetals, or Minerals. (4.) Bodies combined out of the
preceding Foffils, either fimple or compound. New Method of
Coymifiry, Page 54.

t Dr. Boerbaave's Definition of Salt is this: Salf is a foffile
Body, fufible by Fire, and congealable again, in the Cold, into brite
tle Glebes or Cryflals;, foluble avithal in Water, fo as to dijappear
therein 3 never malleable ; and bawwing fomeavbat in it awhich to the
Organ of Tafte affords a Senfation of derimony or Sharpuefs.
Theor. of Chymiftry, Page 105.

Alfo in Page 113, he faith, the Elements or common Princi-
ples of Salt are an acid Spirir, and an infipid Earth, into which
all are refoluble but the fimple Foflils, as Sa/t- Petre and Borax.

b 1. Faffile
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1. Fofile Salt, is that which is called Sz/#
Gem, by reafon of its Tranfparency, and is
altogether like the Sa/s we ufe with Feod; it
1s dug out of the Mountains in many Places,
as Ruffia, Poland, Catalonia, Perfia, and in
the Indies, ‘ gr>3

2. Fixed Salt, is that which remains after
Calcination, and doth not rife, or is not rare-
fied and exhaled by Heat, 0

3. Volatile Salt, is that which eafily rifeth,
and flieth off in infenfible Steam and Vapour 3
fuch are the Salts of Animals. -

4. Effential Salt, is that which is obtained
from Plants by Cryftallization ; and is anatural
Salt between fived and vslatile, |

5. Alum, or Roch Alum, is a very binding
Salt, found in the Veins of the Earth in many
Places of Europe; being taken thereoutin large
tranfparent Pieces. v

6. Borax, a green-coloured mineral Sa/z,
found in the Veins of Brafs, Silver, “or Gold
Ore. | o

7. Nitre, or. Salt-Petfre, is a Salr impreg~
nated with abundance of Spirits out of the Air,
which renders it wolatile; it is found among the
Stones and Earths of old Buildings ; and is
fometimes generated from Urine falling on
Stones, &e. It is the Spirit of this Salt that
kindles the Sulphurinto a Flame in Guupsro-
gery Lightning, &c.

8. Tartar,is a terreftrious Matter, or earthly
Salt, which fticketh to the Sides of Veflels, be=
ing feparated from the Liquor by Medns of its
Fermentation ; as that in Wine Cafbs, &c.

| Q. Vitriod,
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9. Vitriol, is a Foffil, compounded of an acid
Salt, and fulphureous Earth'; there are four
Sortsof 1t: 1. Blue,found in the Mines of Cop-
per in Hungary, and Ifle of Cyprus. 2. Green,
found in Germany, Italy, and England, 3.
White; and 4. Red Vitriol. Thislaft was brought
to us lately out of Germany, and is called 7a~
tural Colcothar, or Chalcitis. '
10. Sal Ammoniac, is either natural ot ar-
tificial ; the Natural is found in many Parts of
Africa, and very hot Places under the torrid
Zone ; the Artificial is made at Venice, and
divers other Places. | Bage b )
A. Pleafe, in the next Place, to tell me what
Sulphbur is, and the Bodies you call fu/phureous,
B. Sulpbur is an inflammable Fo/f/, found in
many Places in Eurape, elpecially in Sicily; is
of two Sorts: 1. The Greyifh, called Quick-Sul-
phur ; itisa Sort of Clay, apt to crumble, foft,
and ready to take Fire ; it confifts of an 07/, an
acid Salt, and Earth. 2. Yellow, or common
Sulpbur, called Brim/lone; thiscontaineth much
Oil, an acid vitrislic Salt, and but little Earzh.
A. Pray, Sir; what do the Chymifls mean
by that Principle they call Su/phur ; not Brime=
Sone fure, do they ? #
B. No, no; they mean an O#/, which is
called Sulpbur, by Reafon of its Inflammability,
and 1s a {weet, fubtile, unctuous Subftance,
which is faid to caufe the Diverfity of Colours
and Smells, and to give Beauty or Def’ormigy to
Plants,&¢.according toitsDifpofitionin Bodies.
4. What Bodies do you reckon amongft
the fulphureous Kind ?
Q2 B. Thefe
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B. Thefe following : Ar/enic, Bitumen, and
its various Kinds, as Am&ergreqfé, Afphaltos,
Naptha, Amber ; alfo Petroleum is reckoned

of this Clafs.

A. Pray rehearfe mé alfo a fhort Account
of the Nature of thefe Bodies.

- B. I defign it ; which take as follows :

1. Arfenic, is a foffile Subftance, confifting
of much Swulpbur, and fome cauftic Salts; it
s'nf three Sorts, the white, or proper Ar/e-
nic ; the yellow, called Auripigmentum ; and
the red called Sandaracha.

2. Bitumen, is a Kind of Pitch, or flimy
Clay ; it is very much of the Na:-turf: of Sul-
pbur, being very inflammable: Tt is of two
Sorts, one liquid, which fwimmeth like Oil on
Water ; the other more hard and compacét, is
dug out of the Earth.

3. Ambergreafe, is a Kind of Bitumen, found
in many Places on the Sea-fhore; it grows hard
in the Sun-Beams; the beft Sort is gray when
dry, eafily foftens in the Feat, and appears
blackith when wet.

4. Afpbaltos : This is that flimy bituminous
Subftance, of a purple Hue, which is found
in' the Latke of Sodom, or Dead-Sea, in the
Land of Palefline ; from whence its Waters
are faid to ftink to that Degree, than no Fifh
can live in them, nor the Birds in the Al
fly over them, and live.

5. Naptha, is another Sort of Bitumen, be<
ing llqmd but fomewhat more apt to take
Fxrc, and is more hardly extinguithed.

6. Am=
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6. Amber, is alfo a kind of coagulated Bf-

fumen; though it is evident its firft State is foft
and vifcous, from the Flies, Ants,' Straws, &¢.
found in its Texture ; it is different in Colour,
as white, yellow, and black ; is found in fmall
Currents near the Baltic Sea, and the Dutchy
of Pruffia; It hath an ele&ric Property; for,
being rubbed, it will attrac Hairs, Feathers,
Straws, (e,
7. Petroleum, or Oil of Peter, is of a ful-
phureous Nature ; it diftils through the Clefts
of Rocks in Jzaly, Sicily, and Provence; and
+ feems to be an O of fome Bitumen, which
the fubterranean Fires have raifed.

A, Sir, Ithank you: I fhould be glad, in
the next Place, to be informed a little of thofe
Bodies of the fourth Head, called Minerals.

B. Thofe are fuch Sort of Fofi/s as are not
inflammable, nor duétile, nor to be melted, or
liquefied ; but are hard and brittle, may be re-
duced to a Powder, or, by Fire, calcined to a
Calx; of which, the following are moft worth
Notice. '

1. Marcaffite, or Bifiuth, is a metallic Mat-
ter, white, {moaoth, hard, brittle, tharp ; is
of a fulphureous Nature, like to Tin; it is
difpofed into Facets, or fhining Scales, like
Pieces of Glafs ; hence called Tin- Glafs.

2. Antimony is a Mineral, confifting of a
Sufpbur,and a Subftance approaching to that of
Metal, containing alfo (as it is thought from
its emetic Quality) an'acid Salt ; it is found in
: 2 divers
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divers Places, in Tranfylvania, Huﬁgary,
France, and Germany.

Cinnabar is a Mineral, confilting of a
Mixture of Quickfilver and Sz;{ﬂﬁﬂr, {fublimed
together by Means of a fubterranean Heat, in
the fame Manner as the Chymifls make artificial
Cinnabar ; it is, while in the Lump, of a
brownifh Colour, but, when powdered, is of
a very high red.

4. Chalt is 2 mineral Earth of a bituminous
Quality, yet is an alkals S:z!z‘, is of a foft and
friable Texture in many Places ; and in others
of a hard and maffy Subftance, calied Quarry ;
it every where abmnds in Hills, Ridges of
Mountains, and other Places.

5. Coal; thisis a Mineral, confifting of Sw/-
phur in great Quantities, mixed with a terref-
trious Subftance ; itisa Kind of a r¢finous Bi-
tumen, of a middle Confiftence, not eafily in
flammable, yet will run and melt with Heat;
its Texture is not foon deftroyed by Fire, but
1s th:rcby at laft reduced to a Calx, or Cinder ;
it is dug in great Quantities out of the Earth
in Fngland, and other Places, and ferves
chiﬂﬂy for Fuel ¥,

4. What is the proper Nature of Mezals 2

B. A Metal 1s a fimple foffile Body, that
fufes and becomes fluid by Fire, and by Cold
coagulates and hardens into 2 folid Mafs, capable
of diffending under the Hammer. The Bodies

# The Principles of all Foflils (fays the fame learned Author)
are (1) Mfrrm;}r, as the Bafis of many of them. (2) A jubtile
Sulpbur, which coagulates or fixes the Mercury. (3.) Salt;
and (4) Earth., Theor. of Chymiltry, Page 139.

to
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to which this Definition belongs in every Part,
are but fix; viz. Gold, Lead, Silver, Copper,
Iron and Tin; to which the Chymiits add
Mercury or Quickfilver, tho’ it {eems to be of
itfelf a peculiar Species of Smmple Falffils.

Gold is the nobleft of all Metals, and is di-
ftinguithed by the following Properties or Cha~
racteryflics. 1. It is the beavieft of all Bodies in
Nature, and its #eight is imimitable. 2. It is
the moft duétile and malleable of all Bedies. 3.
Itis the moft fixed and pure, or lofes the leaff 1m
the Fire, of any Bodies. 4. It requires a vehe-
ment Fire to fufe 1t, tho’ lefs than Iron or Cop-
per. 5. It is diflolvable in no Menftruum but
Aqua Regra and Mercury. 6. It readily and
{pontancoully aftrails and.abjorbs Mercury. 7.
It does not, when fufed with Lead and Anz:-
smony, difpole or fly off with them in F'ume, but
remains fixed. 8. Its Sound when pure is not
clear, but rather obzufe, likethat of Lead. ¢. It
is the fimplef! or freclt from Mixture of betero=
geneous Parts, of all Compound Bodies yet
known. 10. Itis of a fine yellow colour, tho’
fubje& to alter and fade. 11. Itis found fome-
time pure, in Glebe or Gold Cleds, as in Hun=
gary, and Mountains of Chi/7 ; fometimes in 3
pure Duft or Sand, asin the Bottoms of fome
Riversin Gunea; andlaftly,in whitith Clods dug
out of Mines 1500r 160 Fathoms deep, inter-
mixed with other minerals,as Antimony,¥Vitriol,
Sulpbur, &c. 12.Gold is liable to Rufl, as is
found by holding it over the Fumres of Sea Salt.
Thefe are the Criterions of Go/d, and are all of
them always found pertaining to that Metal.

4 Merepria
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Mercury, by reafon of its Weight, comes
next to be confidered ; its Characters are, 1.
‘Thatitis the beavreff of all Bodies except Go/d.
2. It is the moft fluid of all Bodies; or its
Parts feparate and recede from each other with
the leaft Force. 3. Itis divifible into the minu-
Yeft Part of any Body. 4. It is extremely vo-
latile, being convertible into Fumes, even with
a Sand-heat. 5. It eafily penetrates, and inti-
mately adheres to Gold; not fo eafily to any
otherMetals ; difficultly to Copper ; and not at
all to Iron. 6. Of all other Fluids, it is found
capable of the greateft Cold and Hear. 7.1t is
yet, by Reafon of its great Fluidity, incapableof
congealing or freezing. 8. 1t diffolves in almoft
all Acids, and unites itfelf with them. g. Itis
the moft fimple or unmixed of any Bodiesafter
Gold. 1c.It is free from any Sharpnefs or Acri-
mony. 11.1tisfound in great Plenty inthe Mines
of Friuli in Italy, in the Form of ruddy Clods,
called Cinnabar; in bard flony Glebes; and
laftly, pure, called Virgin Mercury, running in
Veins and Streams about in the Mine.

Lead, as to its Weight, comes next; whofe
chief Properties are, 1. That, next to Go/d and
Mercury, it is the beavieft of Bodies. 2. Of all
Metals it is the foff¢f#, and therefore verydudltile
and flexible. 5.1t melts the fooneft of all Me-
tals. 4.1vvery eafily diffolves in almoft all weak
Acids, but not {o readily in_ffrong ones. 5. It
diffipatesall Metals melted with it, but Ge/dand
Siiver, or carries them off in Fumes. 6. Of all
Metalsitisthe leaft forzorons,and diminifhes the
Sound of others when mixed with it. 7. It hath

' 2 ' the



Of Mercury, Lead, Silwer, Copper. 249

the lealt E/afticity of any Metal. 8. ltis fome-
times found pure, but oftener in Miuneral Ore,
which is a Sort of blackifh fatty Earth, difficult
to fufe. Of Lead Mines there are abundance
in Germany, Hungary, and England.

~ Silver hath the following Characters. 1. It
is next to Lead in Weight. 2.lts Frxty is
next to that of Gold. 3. As alfo its Ductility
and Malleability. 4. Its Fufibility by Fire is
very eafy, tho’ more difficult than that of Go/d
or Lead. s. It is diffolvable in Agua Fortis
but not inAgua Regia. 6. Itrefifieth the Force
of Lead in Fufion, or is not diflipated in Fumes
thereby. 7. It 7¢fiffs not the Force of Antimo-
ny, but volatilizes and flies off along with it.
8. It yields not much Sound when purified ;
being /efs fonoreus than Iron or Copper,butmore
than Gold. g¢. Sifver is feldom found pure;
fometimes in the Ore of Gold, Lead, and Cop=
per, but ofteneft in a Kind of ftony black
Glebes, full of fhining Streaks, as in the
Mines of Peru and Chils.

Copper is a Metal of the following Proper=
ties or Charalters. 1.1t is next to Silver in
Weight. 2. It is very duétile when pure. 3. 1t
is of a beautiful red Colour, exceeding thatof
Gold. 4. Its Fixity in the Fire is greater than
that of Lead or Tin, butlefs than that of Silver.
5. It is difficult of Fufion, much more than S/~
ver ; yet ignites before it fufes, which Silver
does not. 6. Itis diffoluble by all the Salt Men-
{truums known, whether Acid, Alkaline, or Ni=
¢rous, yea by Water, Air, &c. 7. If it be dif-
folved in Acids, it turns Green; in.dlkali, Red é
. | an



250 The Puirosorutcar GRAMMAR.

and by other Salts, Blue. 8. Its Divifibility is
very great and {urprizing; for one Grain dif-
folved, will tinge with Blue above 530620
zimes its Bulk of Water. g. It flies off in Vapour,
being fufed with Lead or Antimony. 10. It is
the moft ¢/aftic; and 11. The moft fonorous of
all metals. 12. Copper is every where found,
but moft abundantly in Sweden and Germany,
where there are whole Mountains of it; but
the richeft Ore is in the Mines of Hungary.

N. B. Brafs is made of Copper thus : They
calcine and pulverize Calamne, and mix it
with a little Charcoal Duft; then they put
feven Pounds of this Mixture into a melting
Pot, with about five Pounds of Copper over
it ; then letting it down in a Wind-Furnace,
after 11 Hours, it is drawn up again, the Brafs
being completed in the Diffolation.

Iron 1s the Metal to which the following
Characters belong. 1. It is the heavieft of all
Bodies after Copper. 2. It is the leafl duclile, the
bardeft and moft brittle of all Metals. 3. It is
very fixed, as toits metalline Part. 4. It 7gnites
long before it fufes, and will not fufe without
Difficulty. 5. The more it isignited, the fofter
and more malleable it becomes, contrary to the
Nature of all other Metals. 6. It is diffoluble
by almoft all Bodies in Nature, that have any
Motion of Parts; as Fire, Salt, Air, Dew,
Water, &c. 7. It is exteemely rubiginous, or
apt to contract Ruft, by the Aion or Corrofion
of the aforementioned Bodies uponit. 8. Ifit
be fufed with Lead, Autimony, or fixed Salt,
it readily diffipates intoFume, or vitrefies. 9. It

: 15
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1s very fonoreus and elaftic, tho’ inferior in thefe
Refpects to Copper. 10. Of all Bodies, itis the
only one attracted by the Loadffone,; and 11.
It has a Kind of Magnetifn, or is capable of
attratling Iron itlelf. 12. Iron is found im
Mines, which arevery common in moft Coun~
tries in Europe; as Norway, Poland, Germany,
France, England, &c. and its Glebe or Mer-
caffitebearsanear Refemblancetothe Loadftone.
- Tinis diftinguifhed bythe Charaétersflics fol-
lowing. 1.1t is the /ighteft of all Metals, and
the heavieft of all other Bodies befide them. 2.
It is the fofteft of all Metals but Lead. 3.1t
has the leaf? Fixity in the Fireof all Metals,and
therefore lofes the moff of its Weight. 4. It is

fufible by the leaft gentle Fire, and that long

before [gnition. 5. It is eafily mifcible with
other Metals, and diminifhestheir Duéfi/ity,ex-
cept in Iron. 6. It will not diffolve in Acuds,
efpecially ffrong ones,without much Difhiculty.
2. It is the /leaft fonorcus of any Metals but
Lead ; and yet it augments their Sound when
mixed with them. 8. And tho’ it is in itfelf
very little e/aftic, yet when mixed with other
elaftic Bodies, it wonderfully increafes their
Elafticity. 9. Tin is principally found in Corz-
awall and Devonfhire ; and its Glebe or Ore 152
beavy [pongeous Stene.

A. What are the Elements or Principles of
which Metals confift ?

B. The Elementary or Component Principles
of Metals are reckoned two, viz. Mercury and
Sulpbur ; Mercury as the Bafis or Matter of
the Metal ; and Su/pbur as the Binder or Ce-
WA : | MENL,
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ment, which renders it fixed and malleable.
This Mercury is the fame as common Quick/il-
ver, but only the moft defecate and pure that is
poflible. But by the Principle Su/pbur is to be
underftood, not the vulgar fofile Sulpbur, buta
peculiar Sort of Matter called the Su/pbur of
Metal, which is fuppofed to be the Matter of
Light or Fire, which uniting with Mercury,
fixes it ; and according to the different Degrees
of its Union and Coherence therewith, it pro=
duces different Sorts of Metals: To thismay be
added, thata Burning -Glafs will feparate a v7-
trefiable Earth from any the moft perfect of
Metals.

A. Well, §ir,1 heartily return you Thanks;
and if you are not tired with talking {o long,
I thould next be glad to hear you on the Sab.
ject of the fixth general Head, viz. Stones.

B. No, Sir, I am never tired on the Sub-
jects of Mathematics and Philofophy; and
therefore I will go on to enumerate fome of
the principal Szones, and hint to you the par-
ticular Properties of each of them.

1. Marble, is a curious Subftance, arifing
from an earthy Juice, well purged, concocted,
and digefted in the great Laboratory of the
Earth; a Body very compaé and hard, and may
be calcined to Powder, but cannot be melted.

2. Alabafler, isa Kind of Marble, but more
foft and friable, andis combuitible like Lime,
- ‘but as ponderous and polite as Marble itfelf,

3+ Porpbyry, isanother Species of Marble,
varioufly coloured, fomewhat lighter than
Marble, yet very hard, 4+ Flnt,
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4. Flint, is an exceeding hard Subftance,
generated from the pellucid Particles of Sand

 compacted together, and indurated ; and may

. be put into Fufion ; whence Glafs is made.

5. Cryflal, is a very pellucid tranfparent

. Gem; the moft pure is found in the Tops of

Rocks and Mountains, and dug out of the
Bowels of the Earth alfo; it is not coloured,
is fofter than other Gems, and therefore
fhineth not much ; it confifteth of an aqueous
Subftance, and is therefore eafily liquefied and
converted into Glafs, faith Cardan.

6. Adamant, or Diamond, is in Colour and
Figure much like Cryffal, generated in the
fame Manner ; but its Hardnefs far exceeds
that of all other Bodies ; for it will cut and
penetrate the Texture of any of them; it
has an eledtric Quality, in attracting Straws,
Feathers, &¢. being warmed by Attrition..

. Beryl, is a Stone, much of the Nature
of a Cryjtul, of a faint green Colour ; found
at the Root of Mount Taurus, in the River
Eupbrates, and in the Indies.

8. Smaragdus, an Emerald, of a lovely
Green, and of fo ftrong a Luftre, that it
thineth in the Light of the Sun or Candles ; it
is very tranfparent, and faid to tinge the Air
with its Greennefs.

9. Carbuncle, is a precious Stone of tran{-
cendentLuftre; being of aglowing fieryColour,
like a burning Coal, as the Name importeth.

- 10. Ruby, fo named for its noble red Colour,
is the moft valuable of all precious Stones next
the Diamond ; it is {aid to be firft white, and to

' grow
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grow red gradually from a fanguine Juices

from which it is nourifhed and generated at

firft.

_ 11. Hyacinth, or Facinth, is a Species of
the Carbuncle, of a red-lead Colour; 1t having

its Name from a Flower of the fame Coleur.

12. Ametbyft ; this is near the Nature of an
Hyacinth, is of a purple Colour, arifing as it
were from a Mixture of Red and Blue; they
are vergr hard, and the harder the better.

13. Sapphire (from the Hebrew 8D fpecious,
beautiful) is a precious Stone of a lovely
Azure, or {ky-coloured Blue, found in many
Places in the Iandies. '

14. Topaz; this precious Gem is reckoned
to excel among all thofe which fhine with a
golden Colour.

15. Sardins, a2 Gem called the Cornelian,
or Cornelian Stone, from its flethy Colour ; the
beft is found in Serdinia, whence the Name.

16. Onyx, a Gem partly pellucid, {o called,
becaufe it exprefleth the human Nail in Co-
lour and Splendor.

17. Sardonyx, 13 a precious Stone, fome-
what pellucid, and is thus named, as if
made up of a Sardius and Onyx together; it is
diftinguifhed moftly by blagk, white, and
fanguine Circles.

18. Cbhalcedony, was formerly reckoned a
Sort of Carbuncle, but is now referred to the
Onyx; itis very hard, and of a light cloudy
Colour through its whole Body.

19. Achate; this is an opake Gem, yet
{parkling by refleted Light ; and by various co-

1 loured
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loured veiny Lines, refembles Trees, Rivers,
Animals, &e. beautifully on its Surface.

20. Fafper is, like the dchate, opake, and
of various Hue; . but the Green is the more
general Colour of this Stone, |

21. Pearls are Jewels, or precious Stones,
bred in the Shells of Fith; of which there be
various Kinds, not much to our Purpofe here
to recoupnt. ®, . ,

A. But, Sir, I thinkin all your long Cata-
logue of Minerals and Stones, you have not
mentioned the Load/lone.

-B. No, Sir, Ihave not; the Reafon is, be-
caufe this moft wonderful of all Foffils hath
always merited a particular Confideration,

A. Be pleafed then, Sir, to oblige me with
a fhort Account of the Nature, and fome of
the chief Properties of this Stone.

B. The Magnet, or Loadftone, isa Mine-
ral found in Iron Mines, which is fomewhat
of the Nature of Iron, but is not malleable, nor
will it melt, but may be reduced to Powder, or
calcined to a Calx ; its Particles therefore are
more rigid, hard and implicated, than thofe
of Iron. The chief Propertiesof the Magnet are
thefe: 1. The Loadftone,atLiberty, doth always
put itfelf in a Pofition, re(pe@ing the Poles of
the World, and the fame Parts always tend to
the fame Pole. . 2. This Stone doth not pre-

* Whoever would fee more concerning Metals, Minerals,
Stones and other Foflils, may meet with great Satisfadtion in
Dr. Boerbaave’s Chymiftry, with Dr. Shaw's'Notes, from
Page g1 to 141 of the Theofy ; and in Dr, Fr, Nickols Obferva-
tions on Mines and Minerals, in Philof, Tranf, N° 401,
493+ Waodward’s Nat, Hilt of the World, Part IV.

cifely
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cifely point to the Pcles of the Earth, but de-
clineth a little Eaffward or Weflward, more or
lefs. 3. Two Loadftones, placed at a certain
Diftance, approach to, or recede from, each
other, as they are varioufly placed. 4. Load-
Slones do fo attract each other, as to {uftain one
another pendent in the open Air, provided the
North Pole of the one be oppofed to the South
Pole of the other. 5. Sometimes a lighter Mag-
net will fuftain a heavier one pendent, though
a heavier Magnet will not fuftain a lighter one.
6. It is obferved, this Virtue of turning to the
Polesisnotequally ftrongin all Load/ffones,fome
doing it with greater Celerity than others. 7.
There are obferved fome anomalous Loadftones,
which feem to have more than two Poles, or
Points of Direction. 8. The Loadffone attrateth
Iron, as it were another Load/fone. 9. The mag-
netic Virtue is communicated to Iron or Steel
by the Touch; thus a Needle, touched by the
" Loadffone, will always keep in a Pofition to-
wards the North and South. 10. Loadftones are
corrupted, if they lie long together, with
North Pole to North Pole, or contrarily ; they
alfo lofe their Virtue by being made red-hot in
Fire, with many other Properties of lefs Note.

A. And pray, Sir, whence is this Mineral
endued with this furprizing Virtue ?

B. I cannot find any of the Philofophers
can tell the formal Caufe thereof ; it is a Se-
cret yet hid from Man, though he bebleft with
a Difcovery of its Ufe ¥, A. Pray

* AsthePropertiesof the Magner and the Experimentsilluftrat-
ing the fame, are endlefs to recount ; fo the Authors who treat
; : thereof,
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A. Pray what Parts of the Earth are moft
productive of Minerals and MetallicSubftances?

B. Mountains, which feem, as it were, de-
figned as Matrices for the Generatiun and Ma-
turationof MineralsandMetals; becaufein them
the moft ufeful Foflilsare principally found.

A. Do Minerals, Metals, Stones, &c. grow
in the Earth? |

B. Undoubtedly: Yea, itis well known that
divers Mines, when emptied of Stone, Metal,
&c. have, after a while, recruited again. Alfo
divers ttony, fparry Ificles, and other ftalacti-
cal Subitances, may be daily feen engendered
from the Exudations of fome petrifying Juices
out of the rocky Earth in great Caves; as I
myfelfhavefeen in Oky-bole in Somerfetfbire *.

A. Well, but to make an End, what may
you mean by extraneous Bodies in the Earth,
the Subjet of the 7th and laft general Head?

B. The various Exuviz of Fith, and other
marine Animals; f{uch as petrified Ecbinz,
Gloflopetree, Cockles, Oyfter-fbells, Turbens,

thereof, and the Hypothefes they advance fur the Solution of
thofe Properties are almotft infinite. But they who defirealarge
Difcourfe on this furprizing Subjet, may confult Jcan. Clerici
Phy{. Lib. IL. Cap. (i Hauk/bee's, Defaguliers’s, &c. Courfes
of Experiments. Rehault’s Phyfics, Parc III. Chap. 8. Fac.
Ode, Philof. Nat. Tom. II. Cap. 3. Kircheri, Ars Magneti-
ca. Whifisn’s Do&. of the Magnet. S¢4irii Phyfiol. Explorat.
XVIIL § 12 to § 37, inclufive. Degfcarres, Opera Philofophica,
Part IV. § 133, & feqq. Inflitatio Philof, Tom. Ifl. Part. II.
§ 3. Cap. 4. Régrault’s Converfat. Vol. I. Conv. 15, 16.
Lowthorpe’s Abridgment. Vol. II. Page 630. Eames and Mara

n’s Abridgment, Part IT. Chap. 4. Mifcellanea Curiofa,
%ﬂ]. [. Page 43. Harris’s Lexicon, and Cham ers’s Diftionary,
at the Word Magner. Phil. Tranf. N® 398, 397, 414, 423,
389,5366, 3715 41 2.

*® See Mr, Derbam’s Phyfico-Theolsgy, Book HI. Chap. z. the

Notes.
K . Scal-
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Scallops, &c. that are found in various Parts
and great Depths of Earth, and are to be feen
in the Cabinets of the Curious.

A. Pray, how came thofe Bodies at firlt
mtermixed with the Earth ? ;

B. None can certainly tell ; it is fuppofed at
the Deluge, or by fome general Inundation of
the Seas, whereby the Earth was rendered foft,
and thofe marine Bodies funk therein, and
were covered over; and by the petrefying Qua-
lity of the Earth, in Time, turned into Stone *,

* Dr. Woodward fays, the Echini and other lighter Shells are
very numereus and frequentin all the Chalk-Pits of Kent, Sur-
rey, EfJéx, and other Shires; being found indifferently,from Top
to Bottem, in Pits thatwere 100 Feetdeep ; and in #ells much
deeper, Alfo thatthe Conche, Peftines, Cochlew, and Shells of
a like Gravity, are found in the Sand Stone of all Countries,
yea, even in the very Middle of Flints themfelves, Nat, Hift,
ofthe Earth, Part I. Page 30, 31. Part IV. Page 183, &J..

It is commeon to ﬁnthhat the Echini, Cocklser, Concher, Pec-
tines, and other Shells, have their Cavities filled up with Ores,
Flint,Spar, Vitriol, Sulphur, and other Minerals ; thefe receive
the fpecific Figures of the Shells, they are formed or mould-
ed in. And thefe Stones are what Authors call Echinite, Co-
cblite, Conchite, Pellinite, &c.

- Steno, in his Book de Solido intra Solidum contento, {ays, there
were many marije Shells found in a Stone taken out of the Fo-
vum Volaterranum, which many Ages before had been brought
thither for Building ; and therefore it was certain thofe Shells
could not have endured lefs than 3000 Years, and probably
ftom the Flood.

See much on this Subje& in Dr. Woodward’s Hiftory of the
Earth, Steno’s Book above mentioned. 'The Theories of Dr.
Burnet and Mr. Whiffon., Bartholini Specim. Philof. Nat.
Cgp. 13. Pag. 130—133. Philof, Tranf, N° 291, 303, 360,
368, .

CHAP
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€ H AP. I

HyproGRAPHY, or the Purrosoruy of
WATER ; of the Laws of its Prussvrk
and GRAVITY; of the Sea, its Origin,
Roundnefs, Extent, Saltnefs,and Tides; of the
Caufe of, FounTAINs, RIvERrs, Laxkks,
and BaTus, with the Properties of their
Jfeveral Waters. |

A. HAT is the Original of Hydro-
- graphy ¢ _

B. The Word is compofed of ifup, Water,
and ypagn, a Defcription ; and here fignifies
a philofophical Defeription of Water.

A. You have already defcribed me the dif-
ferent Diftin&ions of Water on the Earth’s
Surface, and likewife the Caufe of its Fluidity
and Polubility ; pray what then remains to be
farther confidered of Water ?

B. In the firft Place we muft more particu-
larly confider the Effeés arifing from Flui-
dity, and the Rules of Motion, called the by-
droflatic and bydraulic Laws of the Gravity
and Preflure of Iluids *,

* 1. The Word Hydroffatics is derived from &dwp, IWater, and
satiny, the Science of Weight, from sarsw, to aveiph. Confe-
quently, Hydroffatics imports the Science which 1s converfant
about thofe Properties of Wayer, or any Fluids, which depend
on, or refult from the #%ight or Grawity thereof,

z. Hydraulics 1s derived u[':'.-?wp, Water, and whes,a Pipe; for
anciently the Orgar and other Wind Inftruments of Mafic were
blown by Wind made by the Fall of Water inftead of Bellows.
Whence this Word in Time came to be applied to the 4rt of
making all Sorts of Engines for carrying or taifing of Water, cr
awbich are avorked or moved by Water. And hence the ancient
Water Engines defcribed by Hiron are called Mackine Hydrau-
lice, i, e, Hydraulic Machines or Engines.

R 2 4. What
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A. What are thofe Effets you call the Ay-
droftatic Laws of Fluids?

B. We have not Time to confider all ; the
chiefeft are the following.

1. The Surface of a Fluid contained in aVef-

Sfel m‘}m’:;zg Jree, will become plane, or pﬁﬂ:ffef to
the Horizon: Thus the Surface AB, of the
Fluid CD, will be parallel tothe Horizon HO.,

2. The upper Parts C prefs the lower Parts
D, wbhich fuftain them ; and this Pre:ﬁt?'e is al=
ways proportional to he Heigit of the Fluid
AE. See Figures XXXIII. :zﬂa' XXXIV. oz
Plate XXI, fronting p. 234.

3. This Preffure on the lower Parts, from
the Gravity of the fuperincumbent Liquid, ex-
erts itfelf every Way, and every Way equally.

4« In feveral Tubes, baving a Communication
with each other, as ABCDEF, wbether equal
or unequal, j?m::géf or crooked, ereft or aéﬁgw,
a Flurd will rife to the fame Height GI in all;
Fig. XXXIV. on Plate XXI, fronting p. 234.

5. When Liquids of different Gravities are
contained in the fame Veflel, the beavieff lies at
the loweft Place, and is preffed by the lighter,
in Proportion to the Height of the lighter.

6. The Bottom EF, and Sides AEBF, all
round a Veffel, are prefled by the Parts of the
Liquid contained which immediately touch them;
and that in Proportion to the Height of the Li-
guid, not at all regarding its Quantity. Fig.
XXXI. on Plate XXI, as above.

- 7. .4 folid Body immerfedin a Liguid, is pre/-
Jed 5} the Lfgmd on all Sides; and that Prejfure
increafesin Proportion to the Height of the L:;
qui
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quid above the the Solid. Bodies very deeply im-
merfed are, as it were, equally preffed on all Sides.

8. Any Body, which is beavier than an equal
Bulk of the Liguid into which it is immer/fid,
will fink or defcend therein.

0. If the Body be lighter than an equal Bulk
of the faid Liquid into which it is immerfed, it
will afcend to the Top, or fwim.

10. But, ﬁtgpqﬁ? the Body be equal in Weight
with an equal Bulk of the Liguid, it will neitber
afeend or defeend, but remain [ufpended in the
Ligquor, wherever it is placed.

11. All equal Solids, but of different fhecific
Grawvities, being immerfed in the fame Liquid,
Iofe equal Parts of their Weight.

“12. A Liguid acquires the fame Weight
which the immerfed Solid lofes.

13. The immerfed Parts of Bodies fwimming
on the Surface of the fame Liquor, are to each
other as the Weights of the Bodies.

A. And, pray, how do you prove thefe Laws,
and what are their Ufe ? :
~ B. They are founded on wvarious Experi-
ments, and their Ufe is to difcover the different
Weights or [pecific Grawvities of Liguids and
Solids, which is not only a very great and
ufeful, but alfo a very pleafing and delightful
Part of natural Philofophy *.

A. Pray

" * The Proof of thefe Laws of Fluids is threefold, wiz. (1.)
Phyfical; which depends on a bare Coptemplation of the Nature,
Figure, and otherProperties of thefmall Particles of Fluids,fepa-
rately confidered ; andthe Phenomena thence arifing will evince
the Truth of the faid Laws. (2) Mathematical; for by confider-
ing of Liquids as Solids, and dividing them into Planes, Column-,
&c. gndreprefenting their diﬁgent Heights, Grawities,and Velo-

' v 3 Crisesy
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A. Pray how do you find or eftimate the.
fpecific Gravities of Solids ? |
B. Thaus, by the hydroftatic Balance S, Fig.
XXXV.on Plate XXI, fronting p. 262, let
there be prepared a Glafs Veflel of Water L,
and another Veffel D, whofe Weight in Water
muft be precifely equal to that of the Weight
C. Now the Weight C being affixed to the
Scale A, the Solid, whofe fpecific Gravity is
defired, being firft weighed in Air, muft then
be putinto the Veflel D, which is then affixed
to the Scale B, and immerfed into the Vefiel of
Water ; then put Weights into the Scale B till
there be a juft Equipoife. Now from its Weight
in Air, fubdu@ 1ts Weight in Water, and the
Remainder will be asits fpecific Gravity inverfe-
1y; and thus the Ratio’s or Proportionof the /pe-
cific Gravities of feveral Bodies may be found.
A. Asto the Manner of weighing thofe Bo-
dies, it feems pretty eafy tobe apprehended from
the Figure; butastocomputing the Ratio’s, I be-
lieveI could better underfiand thatby Example.
B. Why then I will give you one. Suppofe
you take a Piece of Lead and a Piece of lvory,
¢ach weighing 69 Grains in Air, but weighing

cities, by algebraic Charalters, itiseafy, by Rules of Art, toraife
'Theorems, which are fo many Hydroftatic Laws. (3.) Experi-
sental 5 for all thole Laws are capable of Proofby innumerabie
Experiments. See the feveral Courfes of Experiments, by Dr.
Defaguliers, Gravefande, Hawhksbee, Worfler, &c. Mariotte's
Hydroftatics, englithed by Dr. Defaguliers. Robault’s Mechanics,
tranflated by Warts, Page 118. Boyle's Hydrofiatical Paradoxes.
Compend, Syflem of Nat. Philof: Part2, Sinclair’s Hydroflatics.,
Clarke’s Notes to ‘Robanlt’s Phyfics, Part I. Chap. 16. § 8.
Mugfehenbroek’s Epic. Phy/ Part 2. Diiton’s Neaw Law of Fluids.
Sawitzer’s Gen. Syftem of Hydroflatics. Phil. Tranf. abridged, by
Mefl. Bames and Martyn, PartL. Chap. 6. Chambers’s D and
Harris’s Lexicon, under the Words Fluids and Hydroffarics.
them
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them (eparatelyin Water,you findtheirWeights
thereinto be 542 and 29 ; now the Deficiency
of thefe Weights are 5, and 31. Therefore the
Ratio or Proportion of the Weight of Lead to
that of Ivory, is as 31 to §3; that is, Lead is
almoft 52 Times heavier than Ivory.

. Sir, 1 perfeétly apprehend you now, and
thank you ; pray do you eftimate the fpecific
Gravities of Liquids after the fame Manner?

B. Theyareeftimated thus: Take a Piece of
Lead, which fuppofe to weigh 455 Grains;
then the fame weighed in Oil of Vitriol will
be found no more than 379, and in common
Water 414 Grains. The Diminution in the
firft Cafe is 76, in the latter 42 Grains ; thefe
Nambersare inverfely as the {pecific Gravities.
Wherefore the Gravity of common Water is to
the O:/ of Vitriol, as 76 to 41; thatis, almoft
as heavy again. Do you underftand me ?

A. Yes, Sir, very well : I only with I had
fuch a Pair of Scales as are fit for this Purpofe ;
for then I f(hould take a deal of Pleafure in
making thofe Kinds of Experiments.

B. Sir, you may eafily obtain a Pair; and
till then, I can lend youa Synopfis of an Efti-
mate of the fpecific Gravity of various Solids
and Liguids, which 1 bave taken from Dr.
Quincy, if you think it worth your Perufal *.

A, Sir,

* | The beftMethod that Ican find for difcovering the /pecific
Grawity of Solids and Filuids, withEafe, Expedition,and Certain-
ty, is by means of a fine Hydroffatic Steelyard and Sliding Rule.

2. The Steelyard isthus cheaply and eafily made : Take the
Beam of a fine Pair of Scales, as AO (Fig. LXIIl. on Plaze
XX, fronting p. 233.) let the Smith make the Arm CO of a
fufhcient Length CB, by joining a fmall Iron Rod thereto; to

R 4 the
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A. Sir, 1 am very much obliged to you for fo
extraordinary and ufeful a Piece of philefophical

the End of the other Arm at A fixa Ball of Lead, or Tin, 7.,
D, fuch thatits Weight, together with that of the Arm AC,
may exally balance or equipoife the Weight of the other
Iengthened Arm CB. )

3. ‘The Arm CB being duly thaped, is tobe graduated after
this Manner: Sufpend twoequal Ballsor Weights, E and F, one
on each Side the Point C, at ec}ual Diftances, CA, CO, they
there abide iz Eguilibrio 5 therefore O is the Point from whence
the Degrees are to begin, If now you add 10 Weight of 10
Grains to the Ball F, and move the other from O 2 little to-
wards B, you will find the Point 10 where the Weights will be
exallly in Equilibrio. If you add 10 more Grainsto F, the Ball
E being again moved towards B, will give the Point 20, where
1t will equibalance the other.  And thus by adding 10 Grains
conftantly to F, you will gain the Points of Diviiion in the
other Arm forevery 10 Grains to an 100, or any greater Num-
ber; all which is cvident from the Figure. Sy '

4. The Steelyard being thus graduated, a fine Thread of Silk
{whofe Weight is inconfiderable) is to be fixed to the Ball F with
a Loop at the lower End, in which any Body, or Piece of Mat-
ter, may be put as at one, and then weighed by moving the
‘Wire of the Ball E over the Degrees, as in the common Szec/-
yard, till it comes to an Equilibrium; then the Body is to be
fufpended and weighed in a Veflel of Water, as GH ; and
then the Difference of its Weight in and sur of the Water will
be with Eafe obtained, be the Figure or Weight of the Body
what it will, within the Compafs of the Inffrument. :

5. When, by this Means, you know what any given Num-
ber of Grains lofe bein weighed in Water, it is ealy by the
Sliding Rule to find what an 100 Grains will lofe. Thus if 6o
Grains of Lead lofe 3, an ‘100 will lofe g¥ nearly ; and thug
aTableof the fpecific Grawities of Solids and Fluids may be con-
ftrulted with the greateft Expedition. By this Steelyard I have
examined many of the Gravities [ have here given in the Table,
and find they are very true. '

6. Butfince Gold is not among the other Solids, I thought it
would not be amifsif L here fubjoina fmall Table of the fpeci-
fic Gravity of Gold and the other Metals, with Air and Wa-
ter, in one View. : :

Gold 19636 Iron %832
Quickfilver 14019 Tin 7321
Tead — 11343 Stone 2000
Silver 30536 Water 1000
Copper 8343 Alr 1%

Curiofity ;
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Curiofity: And, pray, have you nothing very
remarkable to be obferved from the foregoing
Laws of the Preflure of Fluids ?

B. Yes, more than I can here exemplify to
you ; however, that you may know fomething
- of them, learn their Ufe in the following In-

ftance : Suppofe AB./Fig. XXXVI. on Plate
XXII, fronting p. 262.) a Ciftern or Tube
filled with Water always even to the Brim, as
at S; now let there be any Number of Holes
DECFG made through the fame, the Water
{pouting through each of them, will fall toan
horizontal Diftance, which is double to the
Diftances of thofe Holes from the Periphery
of a Circle AKB, defcribed about the Length
of the T'ube as a Diameter *. '

A. If this be the Cafe, I eafily perceive why,

in the Scheme, the Water fpouting from the
middle Hole C, falls fartheft from the Tube;
for, according to you, the Diftance BQ, to
which it falls, is equal to twice CK, that is,
equal to the Height of the Tube AB ; and as
this CK is the fartheft Diftance from the
Circle, the Double thereof BQ muft needs be
greater than the Double of any other Diftance,
‘and therefore its Water {pouts the fartheft.
B. You take the Reafon of the Thing very
well ; you may alfo farther obferve, that from
two Holes EF, equally diftant above and be-
low the central Hole C, the Water will {pout
to an equal Diftance BP, the Double of EL
or FI, which are equal Diftances from the Cir-

* Dr Gravefande proves the Truth of thisin his Elements,
Back 1. Chap. 24. p. 101, 102, 103. And Book Il Part z.
Chap. 7, 8, 9, are wholly on thefe Subjects:

cle:
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cle: Alfo the Water from G will fpout to O,
which is double the Diftance GH; and the
Water from D will fpout to N; for BN is
double the Diftance DM from the Circle.

A. 1 underftand you thoroughly concerning
this; have youany thing elle to obferve of the
Preflure of Fluids, pray?

B. One Thing amongft many I could name
is this : That, lct a Body be ever {o heavy, yet
it may be made to {fwim in Liquids.
 A.This is very furprizing indeed! What, can
Leador Goldbe made to fwim in Water, Sir 2

B. Yes, by knowing their fpecific Gravities:
Thus, becaufe the fpecific Gravity of Gold is to
that of Water, as 19 to 1; therefore if youhold
a Guinea to the Bottom of a Tube of equal
Diameter ({fo as no Water can get in) by Means
of a String ; then put the Tube down in the
Water above 19 Times the Thicknefs of the
Guinea in Depth, and letting the String go, the
Guinea will not {ink, but ride {uftained by the
Preffure of the fubadjacent Water, which now
1s ftronger than the Power of Gravity in the
Guinea; and thus you may make any Body
iwim, how large, folid, and weighty foever *,

A, Well,

" % 1. The Writers on Hydroftatics demonftrate,that the Preflure
of Ligrids on the Bottom and Sides of Veffels is always pro-
portional tothe Height thereof, and every Way equal at the
{ame Depth.

z. Toilluftratethis, let GE (Fig.LX1V. on Plate XX, front-
ingPage 233.) be a Veflel, from whofe upper Part HE proceeds
a tall Tube ABCD communicating therewith. Let this Tube
and Veflel beflled with Water, then fhall the Preffure of the
Wateron the Bottom GF be as great, and every way the {ame,
25 it would be, were the Veffel atfelf as high as the Tube, and
filled with Water to the Level of PS; that is, the Column of Wa-
ter ANOE in the prefent Cafe has the fame Effeét on the Bottom
of the Veflel GE, as the Column of Water PGFS would have,

3, This
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A. Well, I thank you for thefe general In~
ftrutions concerning the Nature and Effeéts of
Fluids : And now, Sir, if you pleife, we will

3. Thi; is no fmall Paradox, byt is notwithlanding that very
ealy to conceive ; for fince Fluids aftin every Direftion, or prefs
every Way, and every Way equally, and 4oz and Readfionis
equal, and contrary; it muft follow, that the Parts of the Bot-
tom LN and GL (being equal to NOj will fuftain the fame

refion as NO, or as they would do, werethe Columns of Wa-
ter continued to the Height PQA. For in the Line CN, the
Force of the Colamn of Water AO is cxerted on each Side
equally, and has the fame Effe& at 1L as at DO, and'therefore
the lateral Preflure being equal, the perpendicular Preflures
alfo on LN and NO will be equal.

4. Or thus: Ifthe Préffiire on the Part 1L were lefs than on
the Part DO, the Fluid in the Column CO would, by reafon of
irs greater Gravity, have a Motion toward the Part 1L, and the
Surtace AB would delcend : But fince there is a perfe€t Quief-
cence of all the Parts of the Fluid, and that in the Colamn CO
is as much at Reft asthat in the Column CL, it is evident their
Preffures and Effets are every Way the fame, and confequently
that the Column CL prefles as much on the Pare LN, as the
Column CO dbes on the Part NO. Whar is thus proved of
the Colum IN, is to be proved of all the reft, HL, M, and
KF; which makes the Propofition manifeft.

" 5. This Paradoxis alfo ealily proved by Statics; for fuppofe
the Vefiel fixed, and the Bottom GF moveable therein, and fo
adapted to it, that no Water fhould pafs between it and the Sides
of the Veilzl ; if this Bottom be hung to the Arm of a Balance
by Micans of a long Wire defcending through the Tube, the
Ffleft of the Water in the Tube may be compared with that
in the Vefiel, in regard of Weight. Thus fuppoft the Water
in the Veilel to weigh one Pound, then admit the Height of
the Tube AC be four Times the Height of the Veffel CN, if
the Tube be filled with Water to AB, you’ll find four Pounds
moft be added to the otheroneintheScale tomake an Eguilibriuis,

6. Or otherwife thus: Let the upper Part of the Veflel H
be connefted with the lower art or Bottom GF by Means o
Leather, in the Manner of a Pair of Belloaus ; then, if the Tube
AD be fixed into the upper Part, and Water poured therein, it
will raife the upper Part from the Bottom charged with Weights
equal to the Weight of a Colamn of Water equal to PGFS.

. 1 have been the more particular on this wonderful Pro-
perty of Fluids, becanfe itis not only in itfelf very curious,
but of great importance in many Affairs of Life ; and they who
would fee more, may coufult the Aathors above referred to,
efpecially Dr. Gravifande's Elements. ;

' ; diret
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dire& our Difcourfe to the Contemplation of
Water in particular; and firlt we will begin
with the Waters of the Sea: What therefore
do you find is known concerning their Extent,
or what Proportion do the Superficies of the
Sea bear to thofe of the dry Land ?

~ B. This s not precifely known : I remember
I once calculated the Proportion of Water and
Land, as they are reprefented on my terreftrial
Globe of 16 Inches Diameter, and found it to
be fomewhat more than 2, but how much I
cannot juftly fay, having loft my Notes of that
Particular at prefent. -

A. Pray how came the Earth to be covered
over, fo far the greater Part, by Water ?
 B. Thus it pleafed God in the Beginning to
order it ; for wife Ends no doubt : The Waters
of the Earth muft neceflarily rife to the Surface
thereof, as being fpecifically lighter than
Earth; and then it was as neceflary there
fhould be large Cavities therein for Recepta-
cles to contain them, otherwife they would
equally have overfpread all the Superficies of
the Earth, and f{o have rendered it utterly un-
inhabitable to Mankind *.

A. 1 underftand the Figure of the whole
Earth is round, and confequently the Superfi-
cies of the Sea muft be {o too, which I think

* On this Head hear the Philofophical Poet Owid -
The Earth of clofer and compacter State,
Fell felf-incumber’d with her proper Weight ;
On her the groffer Elements attend,
And to the deepeft, loweft Part defcend.
The Waters laft took Place, and flowing round,
The girded Globe’s extenfive Circle bound.
Metamorph, Lib. I, Sewell,
you
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you impute to the Action of Gravity or Power
of Attracion in the Earth, do you not, Sz 2

B. Yes, the Centre of the Earth being the
common Centre of Gravity, and the Nature
of Fluids being fuch, that they equally yield
to equal Powers, and the Power of Attraction
being every where equal at equal Diftances
from the Centre, it follows, that the fuperficial
Parts of Water will every where conform
themfelves - to -an equi-diftant Situation from
the Centre, and confequently will form the
Surface of a Sphere fo far as they extend *,

A. Pray, Sir, is the Sea higher than the
Earth, or Land, as it feems to be ¢

B. No; for by the Power of Gravity all
Things conform to a {pherical Surface, in
which no one Part is higher than another ;
befides, Fluids prefs every Part equally, and
therefore would foon overflow the Shores,
were they really loweft.

A. How comes it to appear fo, then?

* Thus Owid again in the fame Place:

Whatever God thus broke the formlefs Heap,
And bid the Partsa juft Proportion keep,
Firlt, that the Earth might regular appear,
He rounds the Figure to a perfe Sphere, &e.

But herein the Poet is miftaken ; forthe Figure of the Earth is
not that of a perfed Sphere, but an oblate Spheroid, whofelongeit
Diameter is that of the Equator, and the fhorteft, that from
Pole to Pole, the Difference being about 345 Miles, accord-
ing to Sir Ifaac Newton, in his Principia, Lib. III. Prop. 19,
p. 415. See alfo Dr. Keill's Examination of Dr. Burnet’s
Theory of the Earth, Chap. 6. And a large Diflertation on the
Figure of the Earth by Dr, Defagulicrs, 1n Philofoph. Tranfl

¢ 316 to 389g. : )
B. This
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B. This refults from the Fallacy of Vifions
whereby all Objects, and the Parts of Land
as well as Sea, the farther they are from us,
the higher they appear: Thus in Pieces of
Perfpective, the Parts are all placed higher
above the Ground Line, as they are fituated
more remote. The Reafon of all which is
eafy from Optics *. :

A. Is the Depth of the Sea known ?

B. Vareniusafiirms, the Depth or Profundity
of the Sea isin fome Places unfathomable ; and
in other Places is very various, being in fome
Places .5 1 1% 140 2% 41 EnglifhMiles,
inother Places deeper, and is much lefs in Bays
than in Oceans. The Depths of the Sea bear

* 1. It is well known, that the den/er any Mediam is thro’
which we behold Objefts, the greater is the Refradion, or the
more their Images appear elevated above the Horizontal Level;
alfo the greater Quantity of the Medium the Rays pafs through,
the more they will be bent from their firlt Dire&ion ; on both
thefe Accounts the Appearance of Things remote, and on
the Sea, will be fomewhat above the Horizon ; and the more
fo, asthey are more remote,

2. The Sight, with regard to diftant Things, is terminated
with a fpherical Superficies, of which the Eye is the Centre,
and therefore the more remate Things are, the higher they
appearin this Superficies. For Inftance, Jet the Eye be at G
viewing the diftant Surface of the Sea AE; and fuppofe AF
be Part of the {pherical Superficies which terminates the Sight .
Let A, B, C, D, E befeveral Parts of the Sea’s Surface, thefe
will appear in the Sphere of Vifion, at a, 4, ¢, 4, ¢, all above
the herizontal Level HE ; and every Part higher as it is more
remote. See Fig. LXV. on Plare XX, fronting p. 233.

3» Noris this the only Fallacy ; but, if we {uppofe the Parts
AB, BC, CD, and DE all equal to each other, ¢ ey will appear
very unequal to the Eye at 2- in the Sphere AF, thatwhich is
nearelt being ftill the greateft; and the more remote the leffer.
Again, if ab, be, cd, and de be fuppofed equal, the Diftance on
the Sea will appear to be equal, tho’ they zre really very un-
equal ; and, in this Cafe, the more remote, the larger. See
much more to this Purpofe in Varenins’s Geog. Gen. Book I,
Chap. 13. thronghout, but efpecially Prop. 1t and 2d thereof.

great
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great Analogy to the Height of Mountains on
the Land, fo far as is hitherto difcovered.

. Are you able to fay whence the Saltnefs
of the Sea doth arife ?

B. It is very rationally judged to arife from
great Multitudes both of Mines and Moun-
tains of Salt, difperfed here and there in the
Depths of the Sea: The Salt being continually

diluted and diffolved by the Waters, the
Sea becomes impregnated with its Particles
throughout; and for this Reafon, the Salt-
nefs of the Sea can never be diminifhed *,

A. Pray what is the Ufe of this falt Pro-
perty of the Sea 2

B. The Saltnef of the Sea preferves its Wa-
ters pure and {weet, which otherwife would
corrupt and ftink like a filthy Lake; and confe-
quently noneof the Myriads of Creatures which
now live therein, could then have Being: From
hence alfo the Sea Water becomes much hea-
vier ; and therefore Ships of greater Size and
Quantity may be ufed thereon. Salt Water alfo

* Dr. Halley fuppofes that it is probable the greateft Part of
the Salt of the Sea and of all Sair Lakes, (as in the Ca/pian Sea,
the Dead Sea, the Lake of Mexico, the Titicaca in Peru) is de-
rived from the Water of the Rivers which they received ; and
fince this Sort of Lakes has no Ex/t or Difcharge, but by the
Exhalation of Vapours, and alfo fince thefe Vapours are entire-
ly frefh or devuidp of Salt Particles, itis certain the Saltnefls of
the Sea and fuch Lakes muft from Time to Time increafe ; and
therefore the Saltnefs at this Time is greater than at any Time
heretofore, He farther adds, thatif, by Experiments made in
different Ages, we could find the different Quantities of Salt
which the fame Quantity of Water (taken up in the fame Place,
and in all other the fame Circumftances) would afford, it wounld
be eafy from thence, by the Rules of Proportion, to find the
Age of the World very nearly ; at leaft, to deftroy the Notion
of the Eternity of all Things. Philof. Tranf, IN° 344.

5 doth
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doth not freeze fofoon as freth Water, whence
the Seas are more free for Navigation.

A. 1 remember Solomon obferves, that tho
all the Rivers run into the Sea, yet the Sea is
not full, -or doth not increafe ; pray is there
any affignable Reafon for this?

B. Yes; there are two Reafons why the Sea
doth not increafe. 1. Becaufe Waters return
from the Sea by fubterranean Cavities dand A~
queduéts, through various Parts of the Earth.
2. Becaufe the Quantities of Vapours raifed from
the Sea, and falling on the Land, only caufe a
Circulation, but noIncreafe of Water. It hath
been found by Calculation, that in a Sum-
mer’s Day there may be raifed in Vapours
from the Mediterranean 5280000000, or 5280
Millions of Tuns of Water, yet this Sea re-
ceiveth notfromall its nine great Rivers above
1827000000, or 1827 Millions of Tuns per
Day, which is but a third Part of what is ex-
haufted in Vapours ; wherefore we may rather
wonder the Sea is not leflened than increafed *.

A. I am very much pleafed with thefe Ac-
counts of the general Properties of the Sea:
But, pray, what do you fay to that moft ob-
vious and wonderful Phenomenon, the Tide,
or Flux and Reflux of the Sea ?

* See the Calculation at large in Philof, Tranf. N° 212, or
in Joan. Clerici Phyfica, Lab, II. Cap. 8. It has been found,
that in the Years 169, 1700, 1701, 1702, there fell at Toava-
fey in Lancafbire, at the Foot of the Mountains, 39+%, 43,
41535, §14% Inches of Water in Depth; and at Upaminfler in
Efféx, thefe Depths were, for the fame Years, 15+%, 19, 187,
204% Inches. But Dr. Halley found that the Depth of the Wa-
ter evaporated in a clofe Room in one Year was but eight
Inches ;' from whence it is plain how much the Sun and Wind
contribute to the Evaporation of Water.

B. It
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and oppofite to each other, it is evident, they
following the daily Courfe of the Moon, that
they muft conftantly fucceed each other under
every Meridian at the Diftance of 12 Hours
Time, and therefore twice each Day, as we fee
they do. Do you apprehend me fo far ?

A. Yes, very well ;5 pray proceed.

B. Then the reft will be {till eafier: For
{fuppofe (as Sir [faac Newton has) that the At-
traction of the Sun be to that of the Moon at our
Earth,-as'Ito- 4221 25 Yor nearly, s T 1004 ;
that is, as 2 to 9. But Mr. Domkey has fince
made it tobe as 1 to §22%*%, 0oras 1 to 5,0r
more nearly ftill, as 10 to 51 (whofe Numbers I
thall ufe): I fay, fuppefingthis be the Proportion
of the Sun and Moon’s Power of attra&ing the
Waters of our Seas, then it follows, that when
the Sun and Moon are in Conjuncétion, the Wa-
ters at T and N will be attracted by both thefe
Powers jointly; but, when the Moonis in Square
. tothe Sun, that is, when thofe Luminaries are

in M and Q, then the Power of the Sun in Q_

aéts contrary to that of the Moon in M ; and
then the Waters in T and N are raifed only by
the Difference of thofe Powers; fo that the
Spring-Tides will be to the Neap-Tides, as the
Sum to the Difference of thole Powers; thatis,
as 6 to 4, or as 61 to 41. So that, if the Sun
be able to raife the Water 1 Foot 11 Inches,
the Moon will raife it above g Feet 7 Inches,
and both together, about 11% Feet, which is
itill greater, as the Moon is nearer the Earth.
A. Pray in what Parts of the Earth are the
Tides greateft of all ?
B. About

bl N e O e i W T e e el ke i

= b i i Bt e T b s T i i

ey e i e S LS Al o e sl )



The Dolirine of Tides explained. 2

B. About the diquator or Middle of the
Earth : For the greater the Circle, in which the
Tides revolve, the greater will be their Agita-
tion; and were the Moon placed in the Pole, the
Tide would remain immoveable about that Pole.

4. Are the Tides always largeft precifely at
the Time of new and full Moons ?

B. No; for by Reafon of the Water’s Li-
bration, thofe Tides are f{omewhat changed,
being greateft about three Tides later.

A. Are the fame Tides (viz. Spring or Neap )
in the fame Place, all the Year round, equal ?

B. No; for, as I fhewed you a while ago,
the Earth is fomething nearer the Sun in the
Winter than in the Summer ; therefore the
greateft Equinoctial Tides are obferved to hap-
pen fome Time before the vernal Equinox, and
after the autumnal one,

A. Does the different Pofition of the Moon
in her Orb make any Difference of the Tides?

B. Yes; becaufe in the diurnal Revolution
of the Moon, that Tide of the two ought to
be greateft, in which the Moon is neareft to
the Zenith or Nadir of the Place; therefore
with us, the Moon being neareft our Zenith in
the Northern Signs, when above the Horizon,
muft then caufe the greatelt of the two Tides
when fhe pafieth our Meridian; but being near-
eflt the Nadir, when in the Southein Signs, the
makes the greateft Tide here, when fhe paffeth
the oppofite Meridian, below the Horizon *,

7.+ Do

* Thefe, and allother Affe@ions of the Tides arifing from the
different Latitudes of Places, will be eafilyand beft underflood by
Fig. LXVI, on Plate XX, fronting . 2;3. Where APEp is

S 2 the
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A. It is true, that I can fee with my Eyes
But, pray, whenceis it that their Waters have
{uch vafily different Qualities ?

B. From the Qualities and Temperament of
the Soil or Earth through which thofe fubter-
ranean Waters pafs. Thus thofe Waters which
pafs thro’ Lays or Beds of metallic or mine-
ral Earth, carry along with them fome of thofe
mineral Particles, and thence become endued
with the Qualiry of thofe Metals and Minerals;
and thuswe call them mineral Waters, of which
thereare various Species, as acid, bitter, bot,cold,
oily or fat, coloured. boiling, petrifying, falt, &c.
which conftitute various Kinds of ‘Baths and
- Wells of medicinal Waters: Thus thofe Waters
which boil up Aoz, are ' made fo by fubterranean
Fires and Fumes of Sulphur, and other inflam-
mable Subftances. Thofe which are falf, con-
tract their Saltnefs from the Quantities of Salt
they pafs through in the Earth; and thofe
which are orly, &c. from the {ulphureous and
bituminous Matter melted in the Bowels of the

Earth; which Water, he fays, is made to afcend by Means of
fobterranean Fire. But Dr. Arbutbnor has refuted this Doétrine
in bhis Examination of the Doétor’s Hiftory. :

All this Time the moft plaufible and commonly-received Hy-
pothefis concerning the Origincf Fountains, is that of Dr. Edmund
Halley, viz. T be Condenfation and Precipitation of Vapours from the
Tops of bigh Mountains by a cold and rarefied dir 5 where, fays he
theWarer gleeting down by the Crannies of thgﬁtnne,Parﬂhneq%
enters into the Caverns of the Hills, and gathers together as in an
Alembicinto the Bafons of Stones it finds ; which being once fill-
ed, all the Overplus runs over by the loweft Place, an breakin
out by the Sides of the Hills, forms fingle Springs . Many of thefe
ronning down by the Vallies, form Riwulets or Brooks ; many of
thefe uniting their Streams in the Valley, and gaining plain
Ground, become lefs rapid, and form a Riwer; and many of
thefe being united in one common Channel, make fuch Streams
as the Rhine, the Rbone, the Danube, &c . Philof. Tranf. N "192.

Earth
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Earth by Heat and Spirit; and fo of the reft.
Thus Parenius.

A. Pray, to conclude this Head, what do
you think of the Original of Rrers ?

B. Some of them rife, as I faid, immediate-
ly from Springs themfelves; others from the
Conflux of many fmaller Streams, Brooks and
Rivulets, which together make one great Cur-
rent or Stream. Laftly, Vaft Defluxions of
Rain, melted Snow, condenfed Vapours, &c.
from the Sides of high Mountains, tear up the
Earth, and form the largeft Channels and Ri-
vers in the World, whofe rapid Streams all
run into the Seain fome Part or other.

CH A P, 51V,

PavyTocrAPHY,0rthePHILOSOPHY of PLANTS
and VEGETABLES, ¢f VEGETATION, of
their Production, of the SEED, and SeED
PLanTt of the Roor, of the BLADE,

- STtALK and TRUNK, of the Bup, LEAVES

- and FLowERs, of the FruiT, &c. of the

“PERSPIRATION of Plants, &c.

A. LEASE, Sir, to explain to me the
| Word Phytograpby.

A. 1t is compounded of girar, a Plant, and
yoxen, a Defcription; and thus it impliss a
phyfislagical Defcription of Plants, and all Kinds
of Vegetables.

A. Pray, Sir, what do you call PVegera-
les ?

S 4 B. All
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4. All fach patural Bodics as grow and in-
creafe from Parts organically formed, or ferving
as Inftruments to convey the Principles of ve-
getative Life ; but bave no proper Life or Sea-
fation; fuch as Plants, Shrubs, and Trees.
. Pray explain to me what you mean by 4

1

vegetative Life, o Pegetation. .

B. The Faculty or Quality which Plants
are endued withal, whereby they attra® Nou-
rifbment, or nutritious Juices from Earth, and
which circylating their Subftance, canfeth it to
extend, unravel, or unfold its Parts by Degrees,
till at length'every Part turnsoutinits proper
Form and Site, and thus the Plantis perfected.
A. Do you fay, that the vegetable Life and
Growth of Plants and T'rees proceed from the
Juices of Earth, and not from'the Earth itfelf ?
B. Yes, and that is the Truth ; For Mr, Boy/e
found by Experiment, that a Plant of three
Pounds, and after thst, 3 Plant of 14 Pounds,
were produced from a Qggnﬁty of Earth, wa-
tered only with Rain or Spring Water, which
Joft farce any Thing of their Weight, being
precifely we;ghcﬁ__ .‘dhrl{,' before g.ngqlgfgﬁf the
Yioductiomof the lapts. .. - ssivied H~
_ <. Indeed, 1 cannot fay but fuch an Expe-
- viment undeniably proves, that Plants receive
their Growth and Wpigh@ﬂ’_{_}'lt}:g'_thi;'Mt?iﬁurp of
the Earth altogether, and not from the Sub-
{tance of the Earth itfelf.. . - i
E. Yes, T can give'a more convincing In-
ftance yet : Pan Helmet dried 200 1b, of Earth,
and therein planted ﬁWiHéW“WEighing 5 1b,
which he watered with Rain or diftilled W a‘te_’a:"‘ !
Wk, sis I ; o G A S G 3;[1
H 2§l
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and to fecure it from other Earth getting in, he
covered it with a perforated Tin Cover: After
five Years, weighing the Tree with allthe Leaves -
it had borne in that Time, he found it to weigh
169 Pounds three Qunces, butthe Earth to have
loft only about two Ounces of its Weight %,

4. Sir, Iam fully convinced and fatisfied of
this Matter : But, pray, how is the firt Geue-
rarign or Produdtion of Plants accounted for?

£..All Plants and Vegetables are immediate-
ly produced and generated from f{ome Parent
Plant, or Fegetable Seed, of the fame Species.:: .
. 4. How can this be, when Plants have been
often found to grow where Seeds were never
fown, or could come ? :

 B. There may be a three-fold Anfwer given
to your Query : For, 1. It is poffible thofe
‘Plants may {pring from Seeds which may have
lain hid ip the Earth'in thofe Places more than
the Age of Man; for fome Seeds retain their
Fecundity g0 or go Years. 2. They might rife
from S¢ed wafted thither by the Wind, which
by Reafon of its wonderful Smallnefs could
not be feen, 3. Thofe Seeds alfo might be
brought thither in the Dung of Animals at
firft, and fo increafe. However, nothing can he
magre cffectuzlly confuted than the atheiltical
Dectrine of the fpoutancous Production, or equi-
vgcal Generation of Plants or Animals, in the
Works of Modern Naturalifls - A. Well

* See alfo Or. Wovdward's Experiments relating to this Mat-
ter, -Philof, Tranf. N? 253. Harris’s Lexicen, ander the Werd
Pegetation 5 or in the Philsfophical Library, under the Title Bo-
tany, Page 43-. , e

¥ By tﬁ:  fpontaneous Produdiion of Plants is meant, their grows

ing
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A. Well then, fince you will have it that
every Plant is produced from the Seed of a
Plant of the fame Species, be pleafed to ex-
plain how this may be. |

B. It is the DoCtrine of modern Phyfiologifis,
that every Seed hathin itfelf what they call
Planta Seminalis, or Seed Plant ; that is, that
the Plant which is produced from the Seed, is
really and formally contained in the Seed (be-
fore it is fown) in Miniature ; and when the
Seed is fown, the Parts of the Seed Plant, now
in Embryo, begin to vegetate, unfold, dilate,

and at laft burft the Matrix Seed, and fo fwell
out of its native Bed of Embryonifin.

ing, as it were, of their own Accord, or avithout Seed 3 and this
in regard of Awimals is called Equiwocal Generation, whereby
they are produced without Parents i Coitu.

That this Dolirine is diredtly Atheiflical, is buttoo manifeft ;
for fuppofing the Generation of fome Plants and Animals to be
fpontaneous or cafual now, we can’t tell but that the Genera-
tion of all might have been {o at firlt; and if the Being of any
Thing be cafual, or proceeding from Chance, it is certain all we
can find in the Nature or Compofition of fuch a Being, muft al-
fo be fortuitous or by Chance. And thus all the Arguments
derived from the wonderful Mechanifm of the Whole, and the
furprifing Structure of the {everal Parts of wegerable and animal
Bedies (the two great Magazines of Natural Religion) are ut-
terly deftroyed. Butthis is fo notorioufly contrary to common
Senfe and Reafon, a:s to need no Refutation.

Indeed, to thofe who know not the Ufe of the Microfcope,
and have made no nice Enquiry into the Nature of Things, but
confider every T'hing in a rude and vulgar View, there may pof-
{ibly appear fome {pecious Arguments for /fpoutancous Genera-
tion 3 but they who are willing, may fee them all confuted in’
Bentley’s Boyle's Lelt. Sermon 4.  Derbam’s Phyfico. Theol.
Book IV. Chap. 15. Note (1.) Warrs’s Philof, Effays, Effay g.
Hellaffon’s Relig. of Nature, Page 88. Fr. Redi Exper. Nat. &
de Gen. Infeftarum. Ray’s Wifd. of God, Page 344. Clerici
Phyfl. Part. IV. Cap. 2. § 33, &-feqq. More’s Antidote againft
Atheifm, Book 1I. Chap. 6. Harris’s Lexicon, at the Word
Generation.  With the feveral Authors mentioned in Fobn/on’s

Fhilof, Quaft. Page 26, 27, and 33, 34.
A, Pray
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A. Pray how came they by fuch a ftrange
Notion of the Production of Vegetables 2

B. By the Help of a Microfcope 5 for thereby
they have difcovered and f{een the involved
Stamen of the future Plant in every fingle Seed,
which is a very curious and delightful Spectacle
indeed *.

A. Why then, according to this new Doc-
trine, the firt original Seed of each Kind (at
the Creation) contained in it all the future
Seeds and Plants, which were produced from
it in all fucceeding Ages; and yet itfelf no
bigger then, than we fee it now.

B. Yes, it did foindeed; and what is prov-
ed to be Fa&, cannot be called in Queftion.

A. 1 cannot help queftioning it: Is it poffi-
ble, for Inftance, that one of our white boil-
ing Peafe (which is capable of producing above
an Hundred-fold each Year) thould at the
Time of the Creation contain within its {mall
globular Bulk (about . of an Inch Diameter)
all that yearly Produ& of Peafe, Cods, and
Haulm or Stalk, of that Kind ever fince?

B. You know Matter doth confift of Parts
or Corpufcles, inconceivably fmall; and to raife
your Admiration the higher, let us make the

* By the Stamen is to be underftood thofe Rudiments or fim-
ple original Parts of a Plant or Animal which firlt exift in the
Eumbryo or Fatal State, orin the Seed; and which afterwards,
by Diflinétion and Accretion of nutritious Juices, extends it-
felf to its utmoft Bulk, and then the Plant or Animal is faid to
be perfeétly formed, or arrived to its mature State. This, in
Plants, is likewife called Germen or Gem, alfo Plantule, or {mall
Plant ; and may be feen in all Seeds with the Microicope, and
in fome with the naked Eye, as the Bean, and efpecially the
Kidney-Bean, where the very Ribs of the Leaves of next Yeay's
Plant are vifible in the Secd of this.

5 following
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following Calculation : Suppofe in your own
Cale, thatone white Pea will prodace an 100
in the firt Year ; then thofe 100 will produce
each an 100 more the fecond Year, and fo in
all 100003 thefe would produce in' the third
Year 1000000, it the fouith Year 100000000,
in the fifth Year 10000000000, and 1o on, in-
crealing each Year in a geometrical Proportion,
whole common Ratiois 100; {o that the Pro-
ductin any Year will be exprefied by a Number
confilting of an Unit, with {o many Cyphers
annexed, as is equal to twice the Number ex-
prefling that Year ; therefore fuppofing the Age
of the World were 5673 Years this prefent
Year, then all the Peafe produced from that one
Pea, to this Time, would require a Number,
confifting of 11346 Places of Figures, to ex-
prefs them: But the Number of Peafe (reckon-
ing 50 to a Feot in Length) which would be
contained in a Cube circumferibing the Orb of
the Planet Sazurn (which Orb is I§54000000
Miles in Diameter) would require no more than
44 Places of Figures to exprefls them : The
Quantity of Peafe hitherto produced would
equal fuch a2 Number of thofe immenfe Cubes,
as would confift of 11307 Places of Figures ;
which is vaftly beyond’all Com parifon and
human Thought! Befides the far greater Quan-
- uty of Haulm, Cods, Roots, Leaves, &¢.

A. Well, thofe who are bleft with the Gift
of Credulity to believe any Thing, may believe
this ; for my Part, I think itis the greateft Im-
poflibility, that a finall Pea thould contain the
Quantity of Matter beforefaid, which is fuffi-

cient

L




Production of Plants from Seed. ~ 285

cient to il Millions of Millions of Millions of
Worlds. : '

B. Then I find there is no making a modern
modith Philofepher of you, Sir, in every Point ?

A. No, I cannot but think in this Cafe they
are fome Way miftaken. = I remember you told’
me, the Vulgar were often deceived by Vifion:
without a Glafs; and it is pofiible the Learned
~ may be fometimes with. one: But leaving this

to the Inventors, pray what Kind of Procefs
doth Nature take to raife the Plant from the
Seed in the Ground ?

B. The Method of Nature here (as in all her
other Works) is moft admirable, as will appear
in: the curions Mechanifm and Confiru&ion of
a Bean Root, for Inftance; (fee Frg, XXX VI,
on Plate XXII, fronting p. 262.) In that Fi-
gure ABreprefents the two Lebes of the Bean
lit, which are joined together by alittle white
Sprig in ©; in each Lobe you fee the Branches
aaa, of that called the Seed Root ee, every
where difplayed thro’ the Body of the Bean:
Thefe Branches of the Seed Root ¢¢ feed the lit=
tle Sprout, or Earth Root o¢ (defcending down-
wards) withthe Pulpor Matter of the Bean (pre-
pared bythe Ferment of the Earth) till the faid
Earth/Root is capable of penetrating the Earth,
and extending its Parts {ufficiently enough to
extract, for itfelf and the Plant it is to fuftain,
Nourithment from the Juices and Moifture of
the Earth: For from this Earth Root there
{pringeth upward the Sprout F, called {by Br. -
Grew ) the Pluma or Featber; and inthis Pluma,,
and the karth Root, together,, 1s contained, i -

Miniature, all the future Plant. A. Why
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A. Why then it appears, that the Matter or
Subftance of the Bean ferves much the fame
Purpofe to the Seed Root, as the Yolk of an Egg
to the Embryo Chick ; or as the Earth doth af-
terwards to the Radicle, or Earth Root itfelf ?

B. Yes, itdoth fo; and having enabled the
Earth Root to fhoot into the Earth, in order to
procure its own Nourithment, it is then, by
Means of the Seed Root, turned to the Ufe of
the Pluma ; caufing it alfo to fprout upwards,
in order to become a Trunk hereafter.

A. What becomes of thofe Seed Lobes AB,
when the Earth Root no longer requires their
Ufle?

B. They are, in moft Seeds, carried upwards
with the P/uma out of the Earth, after which
they compofe the Seed Leaves, as they are
called, as in Cucumbers and French Beans we
fee them.

A. What is the Ufe of thofe Seed Leaves to
Plants?

B. The Effe€ts and Ufes of thefe Seed Leaves
(faith thelearned Malpighi ) are fo neceflary, that
if they are pulled off, the Plant will not grow ;
or if it fhould any Way increafe, it won’t be
compleat, but always defective. The Learned
are divided as to their particular Ufes to Plants.

A. In the next Place, pleafe to let me know
particularly in what Manner the Root of the
Plant procures Nourifhment for its Growth and
Increafe.

B. In order to this, I muft fhew you the
Make and Conftruétion of the Root, and, as it
were, anatomize the {everal Parts to your View ;

and
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and then point out their Ufes. To this End, I
fhall choofe two Roots, viz. a Root of W erm-
wood, as Fig. XXXIX. on Plaze XXIII, front-
ing p. 287; anda Horfe-Radifb Root, Fig. XL.
on the fame Plate; 1n each of which, T re-
prefents the Root cut tranfverfely asitappears to
the naked Eye: The other great quadrantal
Figures are each a Quarter of the aforefaid
Seétion T, magnified to the Sight by a Micro-
feape 5 which thus enlarged, fhews the various
organical Parts of which itis compofed, and by
which Vegetation is performed.

A. And does this Glafs, indeed, thus mag-
nify and enlarge the fmall Section T ? What
wonderful Difcoveries have been referved for
this curious and inquifitive Age! Pray defcribe
-to me the different Appearances of thofe mag-
nified Sections.

~ B. I will, in the following Order. 1. Adis
the Skin or Rind, or outward Membrane in-
cluding the Root. 2. From A to C in the
Wormwood Root 1s the Bark, whichis a mem-
branous Subftance, confifting partly of a great
Number of little Bladders or Veficles BBB; the
fame is reprefented by AB in the Horfe-Radifh
Root: It alfo confifteth in Part of a ligneous or
woody Subftance, as from B to L in the Root
laft named. 3. The Wood of the Root is all
that Part between B and E in the #or/e- Radifh
Root; and from CC, to the very Centre in the
Wormwosd Root. 4. The Wood of the Root
confifteth alfo of two different Subftances, wviz.
a ligneous one, properly the Wood,as EEE, and
a parenchymous one, like that of the Bark, as
DDD,
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DDD, inferted regularly between the Portions
of Wood ; thefe are very diftinct in the #orm-
wood Root, but in the Radifb Root, and in fe-
veral others, they-are not fo vifible.- 5. In the
Wood you fee the Orifices of feveral Tubes, or
hollow Veins aaza, which are the Mouths of
Air-Vefiels. 6. From G to E, in the Radifp
Root, is anather little Circle of Veflels, like
thofe of the Bark. 7. Laffly, From E to the
Centre, in the Radifb Root, is the Pith, which'
confifteth of the fame parenchymous, or fpongy
Subftance of Bladders, as doth the Bark, and
Part of the Wood ; but the Pith is not com-
mon to all Roots, as you fee there is none in
the Zormawood Root *, 3 |

A. And, pray, what is the Ufe of the feveral
Parts of the Root now defcribed ?

B. The Bladders in the Bark render it a
fpongy Subftance, which therefore is fit to im-
bibe and fuck up the watery Part: of the Soil,
which are impregnated with the Principles of
vegetable Life and Growth: This impregnated
Water imbibed by the Bark is what we callthe
Sap ; the Skin of the Root ferving as a Filtre,
to ftrain and purify it at'its firft Entrance. 2.
The Sap, thus ftrained and imbibed, doth fer-
ment in the Subftance of the Bark, whereby
it becoms farther prepared, and fo doth more
eafily infinuateitfelf into the parenchymousSub-

* The Word parenchynia was formerly ufed to denote thae
red flethy Subflance which lies between the Interflices of the
Vefiels in the Bowels, and givesthem their Bulk ; as in the Li-
ery) Kidncys, Spleen, &ee: fron whence'it wad afrerwards vfed 'to”
figfiify the foft, fpaf:_'gc:JUS, or palpy Parts of any Bedy, as of

theLeaves, Roots, &J¢. of Plants.,  And hence it is nfual to fay,
{uch Pares are parcuchymons, that have fuch a Matter and Texture.

*ftance
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ftance of the Root; whereupon, partly by the
Appulfe of frefh Sap, and partly by the pulfive
Motion of the extended Bladders of the Paren-
chyma, the Sap is forced thence into the other
Parts of the Root; and is fhill more and more
firained in its Paflage from Bladder to Bladder.
3. The Sap, thus diftributed through the whole
 Root, doth {upply its organical Parts with thofe
Principles of Nourifhment which every one re-
quires ; and thus the Root, by the conftant Ap-
plication of thofe nutritious Principles, receives
its Increment, Solidity, and Growth, or vegeta-
tive Life and Motion in every Part.

A. To what End do thofe you call Air-Vef-
fels ferve?

B. In them is contained a proper Kind of
vegetable Air or Vapour, which ferveth to fer-
ment the Sap now entering the ligneous Part,
the better to qualify it for Afiimilation, or
uniting therewith. , ,

A. Why, I pray, do the Roots of fome
Plants yield a milky Juice or Liquor, and others
a clear watery one, when cut ?

B. Becaufe that in each Root, the Fluid or
Liquor of each organical Partis made chiefly by
difterent Filtration of the Szp through the Sides
thereof; therefore thofe which ftrain more freely
the aqueous or watery Part of the Sap, contain
a Lympha, or clear Water; and are hence called
Lympheeducls; and where thefe are moft nume-
rous in Roots, fuch Roots, when cut, will bleed
a Lympha. As, on the other Hand, thofe Vef~
{fels, which are difpofed to admit the oily or
balfamic Part of the Sep mofit copioufly, are

called
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called /aétiferous Veffels; and Roots, which con-
tain a great Plenty of thofe, will, when cut,
bleed a milky, mly, or balfamic quum.

. When the Root is thus formed, and in-
ﬂru&ed with all its feveral Organs of Vegeta-
tion, as you have now related ; pray which is
the next Step which Nature takes in the Pro-
duction of the Plant? :

-

B. The Root being now become the Procu-"

rator for the future Plant, doth, by extracting
from the Earth, by its Veflels, proper vegetable
Juicesand Ahment, adminifter or communicate
the fame to the Pluma, or Seed- Plant (fuftained,
till now, from the Subftance of the Seed, by the
Seed-Root, or Seed-Leaves) and thereby caufcth
it to fhoot forth vigoroufly and increafe, and

gradually to fwell out or unfold all its Blades,
Branches, Buds, Leaves, Flowers; and Seeds
again, from various Parts of its Stalk or Trunk.

A. Then, If{uppofe, the fame Mt‘chamfm,
or Apparatus of organized Parts, is continued
from the Root to the Trunk or Stem of the
Plant for the Communication of this vegetable
Suftenance; isit not?

B. Yes; and that you may fee it is fo, I
have taken F7g. XLI. on P{’.:Iff XXI1V. fronting
#. 290, from Dr. Grew, for your Satisfaction:
In which T reprefents one Quarter of a Se&ion
of a Hafle-Branch, as it appears to the Eye;
AGSB is the fame as it appears through a geod
Microfcope; wherein AB i1s the Skin; ABCD
the Bark ; QQQ the Parenchyma of Bladders,
or Sap-Veflels; HI a Ring of a {pecial Sort of
Vefiels: PP common Sap-Veflels; CDEF the

- ligneous
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ligneous Subftance, or Wood, of three Years
Growth; KLFE the Wood of two Years;
MNEF the Wood of the firft Year; XX the
parenchymous Infertions ; O the Pith full of Ve~
ficles; the black Parcels are the folid Weoed ;
thofe numerous Holes appearing all over the
fame, are the Mouths of Air-Veflfels: Thus
you fee the organical Conftitution of the Stalk,

or Trunk, is the fame with that I before thewed
in the Root.

A. It isfo indeed, and Iam furprized to fee
fuch wonderous Contrivance and Analogy of the
Organization of Vegetables! But, pray, go on.

B. The nutritious Sap afcends the ficft Year
of a Plant’s Growth by the Veffels of the Pith;
after which the Pith becomes dry, and fo con-
tinues. 2. The next Part, through which the
Sap rifeth, is the Wood, by the Air-Vefiels, and
that only in the Spring. 3. The third Part, by
which it afcends, is the Bark, as before faid, the
greateft Part of the Year ; and thisis the gene-
ral Theory of the Motion of the Sap *.

* Thus the learned Dr. Grewv; but it is a Matter of great
Controver{y how the Sap alcends, and what Courfe it takes after
it is imbibed by the Roots, whether it is by the Baré, the Pith,
or the #:od, or all, as above-mentioned, The Retainers to each
Hypothefis, and the Arguments produced to fupport it, fee in
Shaw’s Notes to Boerbaave’s Chymillry, p. 140, 147, and 148
of the Theory. :

Some Naturalifts ftrongly maintain a Circulation of the Sapin
Plants and Trees: Butthe Reverend Mr. Hales, in his Pegerable
Statics, will not allow it, butendeavours to prove the contrary,
Vol. I, Exper. 46, &e. i

Dr. Beerbaawe {ays, that, fince the Sap is furnithed by the
Earth, it will confift of fome foffle Parts, fome Parts delivered
from the 4ir and Rgin, and ethers from putrefied Animals,Plants,
Ue. and that therefore in Vegetables are contained all Kinds of
Salt, Oil, Water, Earth, and ptobably 2ll ‘Kinds of Metals too,
fince their Athes always afford fomewhat which the Loadftone
attrafts. Theory of Chymiftry, by Shaw, Page 147.

A~3 A. Bat,
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A. But, fince both Root and Branch contain
Air-Veflels, pray, in what Part of the Plant
doth the Air firt enter it ?

B. The chief Entrance of Air is at the Root,
along with the Sap; butit alfo enters, more or
lefs, at the Trunk, Leaves, &¢. Parts of the
Plant : The Air, or airy Part of the Sap, be-
ing thus raifed in its proper Veflels, is filtred
through the fame into the Veficles of the pa-
renchymous Infertions in the Wood; and thus
1s diftributed throvgh all the Parts of the Plant
or Tree *,

A. Pray why are the Stalks of fome Plants
hollow within ?

B. Partly for the more expedient Ripening
of the Fruit or Seed, which is better effected
by a more plentiful Supply of Air by thefe hol-
low Trunks; and partly for the better deter-
mining the true Age of the Plant; for the Air
in this Hollow, by drying up the Sap, fhrinketh
the Sap.Veflels fo far as to hinder the Motion
of the Sap therein; whence the Plant muft
perifh of Courfe : Henceitis, that the greater
Part of annual Trunks are hollow.

A. Pleafe next to fay, whence the Form or
Figuration of the Trunks of Plants and Trees
proceeds ?

B. Chiefly from the Air in the Air-Vefels :
Thus almoft all Shrubs have a greater Number
of Air-Veflels, and thofe of a {maller Size;

* Mr. Hales has proved, by many curious Experiments, that
all Plants perfpire in a confiderable %egree, but Ewer-greens the
leaft of any. He difcovered, that the Quantity of Nourithment,
imbibed and perfpired in a Sun-Floawer, is to that of a Man,
Bulk for Bulk, as 17 to i. Feger, Statics, Exper. 1.

5 which,
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which, therefore, moft eafily yielding to the
magnetic Attrac¢tion of the external Air, do
confequently {pread much abroad; by which
ipreading the Air-Veflels do fooner and more
eafily firike into the Bark, and fo produce col-
lateral Buds and Branches, and that upon the
firlt Rifing of the Plant from the Root; and
thus it becomes a Shrub : Bat, if the {aid Air-
Vefiels are very large, as in Oak, Walnut, Elm,
&e. they will not {o eafily yield or fhoot out
collaterally ; and fo the Trunk grows up taller
and more entire.

A. Why do fome Trees run up fo very flen-
der, and others fo very thick and big?

B. This is from the Pofition of the Air-Vef-
fels; for where they lie moft circular round
the Center in Form of Rings, as in Elm and
Afh, there the Tree in Proportion grows more
tall and taper, and lefs thick: But, when the
faid Veflels {pread more broad, and are poftured
in Lines from the Center, as in Qak, &,
then the Tree grows very thick ; in this Cafe,
the diametrical Growth of the Wood is
more promoted than in any other: For which
general Reafon, alfo, Trees grow round or an-
cular. -

: 4. Pray, how comes it to pafs, that feveral
Stalks of Plants have Tfoints or Knots? And
what is their Ufe ?

B. Becaufe, in forming the Branch or Blade,
both the Rind and woody Subftance thereof are,
upon their fhooting forth, divaricated from their
perpendicular Pofture to a crofs Pofition, and
#s they with the other grow and thrive toge-

' T 3 ther,
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ther, they bind and throng each other into a
Knot. The Ufes of Knots are two, wviz. for
ftrengthening the Stem, and for finer Growth ;
for the Knots {erve to ftrain and tran{mit the

Tuices more refined to the upper Parts, and to
the Fruit.

A. How doyou account for the Production
and Textures of the Leaves 2

B. The Parts of the Leaf are {fubftantially the
fame with thofe of the Branch; its Skin is the
Continuation of that of the Branch; the Fibres,
or Nerves,difperfed through the Leaf, are only
Ramificationsof the Branch’s Wood, or ligneous
Body ; the parenchymous Subftance, which lies
between the Fibres, is nothing but the Conti-
nuation of the cortical Body, or Subftance of
the Bark, {pread through the fame *.

A. Pray

* The Leaves of Plants (fuch as have woody Fibres) are eafily
anatomized, and a Skeleton of the Fibres made as follows :

1. The Leaves muft be gathered when full grown, or old, but
not dry ; then expofe them in an open Veflel of Water, and as
faft as it evaporates fill itup again.

2. After about a Month or two the Leaves will begin to pu-
trify, or grow foft ; and the Pellicle, or thin Skin on each Side,
will firft begin to feparate from the pulpous Part of the Leaves.

3 The Leaf is then to be put into a broad Pan of Water,
where you have Room to fgueeze the pulpous or green Sub-
fiance-of the Leaf, which muft be very gently, and it will eafily
{eparate from it, and leave an entire Skeleton of Fibres.

4. Or fometimes I have only laid the Leaf, ftript of its Skins
or Membranes, on a Piece of Paper, where, after it has lain a
little to dry, L have only taken hold of the Tail ofthe Leaf, and,
pently raifing it, the Skeleton has freely feparated from the Pulp,
which adhered to the Paper.

5. In many of thefe Skeletons. as that of the Apple-Tree,
Cherry-'Tree, Holm, &¢. yott will find, thatall the Fibres, great
and fmali, are double ; or that there are two Layers or Planes of
Fibres, which, you will obferve, may be eafily feparated from
each other through the whole Skeleton.

6. Thele
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A. Pray what is the Ufe of Leaves ?

B. Firft, For Protetion, which they afford
to each other, and to the Flower in the Bud;
as alfo to the Fruit itfelf in fome Plants. Se-
condly, For Augmentation; for the Capacity for
the due Spreadingand Ampliation of a Tree, or
Piant, are its Leaves. Thirdly, They ferve to
the greater Purity and Preparation of the Sgp;
the groffer Parts of which are retained in the
Leaves, while the more elaborate and effential
are fupplied to the Flower, Fruit, and Seed, as
their proper Aliment. Fourthly, They ferve to
Perfpiration ; for thofe Orifices, obferved to be
in Leaves, performthe fame Functions in Trees,
as the Pores of the Body do in Men; that is,
to caufe an invifible Perfpiration in Plants *.

A. Pray

6. Thefe two Planes of woody Fibres, which oppofe the
Skeleton of a Leaf, are fuppofed to be analogous to the Arteries
and Veins of an Animal Body. Butthere isno difcerning which
are the arterial, and which the venal Fibres. See the Figure
of the Skeleton, and its Duplicature, of an Apple-Leafin Fig.
LXVIIL. on Plaze XX. fronting Page233.

7. After alike Manner may Fruits be prepared, and Skeletons
of them procured, as Apples,” Pears, Peaches, &c. They muit
be found and good, pared very nicely, then boiled gently ull
they are thoroughly foft; then, taking them out, and putting
them into a Bafon of cold Water, hold the Tail in one Hand,
and,with one Fingerand Thumb of the other, rub the Pulp gent-
ly off, and preferve the Skeleton in Spirit of Wine reftified.

8, Carrots, and other Roots that have woody Fibres, muft be
 boiled without paring till they grow foft, and the Pulp comes
off. Not only many Sorts of Roots, but the Bark of feveral
Trees alfo, may be reduced after this Method into Skeletons,
prefenting rare and curious Views of Vegetables. Philo/. Tran/.
N° 414, and 416. '

* Notwithftanding the great Perfpirationin Animalsand Plants,
I neveryet could difcover any Thing like Pores in the Scarf-Skin
of the one, or the fine Membranes which cover the Leaves of the
other ; though L have often foughtthem in the moft proper Sub-
jeéts, and with the beft Sort of double refleéling Microfcopes.

T 4 1 know
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A. Pray what do you obferve concerning the
Flowers of Plants ? |

B. In the Flower may be obferved: 1. The
Empaffmfﬂr,’t}r Calyx, orthe Cup, which con-
taineth the Flower, and is defigned for the
Guard and Security of the other Parts of the
Flower. 2. The Foliation, or Compofure of
Leaves, which are of divers Forms and Colours;
whofe conftituent Parts are the fame as thofe
of the Leaves, vzz. Skin, Parenchyma, Air,
and Sap-Veflels. 3. Within the Foliage (tands
the Atsire; that is, thofe fine upright Stems
with their AZpices, and the Style in the very
Middle of all; and thefe are the general Parts-
of which the Flower doth confift.

. Pray can you tell the Ufes of thofe feveral
Parts of the Flower ?

B. The Empalement, as1 {aid, is for the Secu-
rity of the Flowerin Embryo, and afterwards for
the Support of theFoliage, tokeepthe Leaves of
the Flower in due and decorous Pofture, which

I know Mr. Lewenboek (in Tran/, N° 360) tells us, that he
has viewed thefe Pores or Spiracles very clearly in the Leawes
¢f Box; and that, on one Superficies of fuch a Leaf, he has com-
puted 172090 Pores, and on the other as many. The Royaf
Sociefy has received and admitted this to pals for T'ruth ; whereas,
I believe it may be eafily made to appear, that nothing is more
fzlfe, and that, infltead of feeing 344180 Pores, he never faw one.
It is no hard Matter alfo to point out the Grounds pf the Fallacy,
or to prove, thatthis is not the only Error which this Prince of
the Firtugf has fallen into, and publithed to the World. But
thefe Matters muft be referred to a future Trat on thefe Subjeéts.
I thall only here obferve, that thereis fomething exceeding fine
and delicate in the Texture of the Pellicle or fine Membrane
which covers the Box Leaf, and alfo in the Skeleton made
ghereot. Ao that the tranfparent Spherules, or round clear Drops,
flanding all over the Surface of the Leaves of Hyfip, Mins, &ec.
and others of other Forms and Colours on other Piants, make
# very pleafant and delightful View in the Microfcope. '

would
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would otherwife hang uncouth and taudry, as
a Lady without her Bodice. The Foliage, or
Leaves of the Flower, defend the Attire, and
in fome Plants the Fruit; it alfo ferves for the
further Refining and Separation of proper Parts
of the Sap for the perfe@ing the Seed. The
Attireis an Ornament and Diftin&ion in Flow-
ers. It fupplies alfo divers Kinds of {mall Ani-
mals with Food, which harbour therein; that
15, in the Hollownefs of the Style. Laftly, it
1s fuppoled, it alfo ferveth as Ma/e Sperm to im-
pregnate and frutify the Seed *.

A. What is the Nature and Compofition of
*Fruit, I pray you?

B. The general Nature and Compofition of
all Fruit, is oneand the fame ; that is, their ef-

* That there is fuch a Thing as a Sex in Plants; that fome
Plantsare Male, others Female, and moft Hermapbrodite ; and that
the Flower is the Pudendumofthe Plant, as containin g the Parts of
Generation; are Pointsagreed on as certain by modernNaturalifts.

2. 'The Male Parts of a Flower are the Stamina, or Stems,
and their dpices, orlittle Tops, which contain the fine Powder, or
Farina, which js imagined to be the Semen, or Sperm of the Plant.

3. T'he female Parts are the Siyle, which ferves to receive the
Semen; and the Seed-Ca/% at the Bottom of the Style, whichis
judged to be the Marrix, or Womb of the Plant.

4. Some Plants have only the Male Parts of the Flower, and
they never bear Fruit; others the Female Parts only, and the
bear Fruit. -In others, as Cucambers, Melons, Gowurds, Walnut,
Oak, Beech, &. the Male and Female Flowers grow at fome
Diftance from each other. Bat,

<. Molt Plants are Hermapbrodite, or have the Male and Fe-
male Partsin the {fame Flower, as the Pulp, Lily, Polyanthus, &,

6. The Learned can’t, as yet, fully prove the Manner of Im-
pregnation and Generation of Plants; it is generally agreed,
that the Fariza falling from the Apices, is received by the S#y/:
or Piffe, which conveys it to the Seed-Cafe below, where it
imptegnates the Embryo-Seed contained therein, There is
much te be faid for and againft this Hypothefis, a thort View of
which Controverfy the Reader may meet with in Shaw’s Notes

10 Bucrhaave’s Chymifiry, Page 149 and 150 of the Theory, and
in the other Botanical Authors,

fential
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fential and truly vital Parts are in all the fame
and but the Continuation of thofe which I have
already obferved to you, do conftitute the other
Parts of the Plant. But, by the different Con-
ftitution and Textures of thefe Parts, divers
confiderable different Fruits refult, as Apples,
Pears, Plums, Nuts, Berries, &c.

A. Pray what are the particular Parts which
compofe thofe different Fruits ?

B. The Apple doth confift of thefe four, viz.
the Pilling, the Parenchyma or Pulp, Bran-
chery, and Coar. The Pear hath five diftinct
Parts ; the Pilling, the Parenchyma, the Bran- .
chery, Calculary, and Acetary. The Plum (to
which the Cherry, Apricot, Peach, &c. may be
referred) confifts of four Parts; the Pilling,
Parenchyma, Branchery, and Stone. The Berry
confifteth of four Parts; the Pilling, the Paren-
chyma, Branchery, and Seed. The Nut con-
fifteth of three Parts; the Cap, the Shell, and
Pith. All which are regularly treated of by Dr.
Grew in his Anatomy of Plants.

A. Pray (to be fhort) whatare the principal
Ufes of Fruit ¢ TRa]

B. The Ufe of Fruit is two-fold : For, fir/i,
it ferveth Man (and I may fay Beaft) as a deli-
cious and pleafant Meat, or Food; befides the
various Purpofes of Medicine. Secondly, It fup-~
plies the Seed with adue, and moft convenient
Sap ; the Fruitdoing the fame Office tothe Seed,
as the Leaves do to the Fruit, v:z. that, by a
due Purification and Exaltation of the Sap, the
Seed may obtain its Perfetion.

A. Pray what is the Seed, in its State of Ge-
eration ¢ B. As
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B. Astheoriginal, fo the ultimate End and
Perfe&tion of Vegetation, isthe Seed. How it
bath been in its State adapted to Vegetation, we
have already feen. ItsState of Generation 1s as
follows : The Sap, having in the Root, Trunk,
and Leaves, pafled divers Concoctions and Se-
parations, 1s now, at laft, in fome good Matu-
rity, advanced towards the Seed. In the Fruit,
as was faid, it is ftill farther prepared, and the
more efiential Part is tranfmitted into that par-
ticular Part of the Branchery, called the Seed-
Branch; which, becaufe it is a good Length,
and very fine, doth yet farther maturate the Sap
in pafling through it: In this mature State, 1tis
conduéed through the Seed-Branch jnto the '
Coats of the Seed, as into the Womb. The
meaner Part of the Sap to the outer Coat, the
more fine is tranfmitted to theinner Coat,where
it is farther prepared by Fermentation; and
- thence is filtred through a fine Skin into the in-

moft Part or Subftance of the Seed, and there
becomes a Liquor fit for theactuating the future
Embryo-Seed, or caufing it to vegetate, and the

- Plume to thoot forth. :
 A. But pray, Sir, before you quite difmifs the
Subje of Plants, pleafe to let me know what
you think of Mofs, Mufbrooms,and thole fungous

Excrefcences adhering to the Sides of Trees ?
B. Mufhrooms, Mofs, and other fungous Sub-
ftances, are afpurious Kind of Plants, or which
may be called excrementitious Plants, fince they
arife intirely from the Bodies of other Plants, or
from a Kind of vifcous Mucilage of the Earth
They grow,indeed,and have Roots,{fome inferted
into
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into the Fibres of the Plant producing them,
as Moifletoe 1s radicated into the Fibres of the
Oak ; and My/s to the Fibres of the Barks of
Trees. Mifbrooms arife from various Matters
in Earth or Wood, and are found to confit of
a vaft Bundle of Fibres, proceeding from the
Subftance on which they grow; thefe make
the Stalk, and thence divaricating, f{pread and
extend themfelves into a {pherical Canopy, or
Head, which contains a fucculent Parenchyma;
on the under Part of which, I am apt to think,
the Seed may be produced, (though none hath
hitherto beenfeen) which being wafted about by
the Wind, fallsin divers Places of the Earth, and
there takes Root and grows: Thus Mofs un-
doubtedly bears Seed, by which the various Sorts
thereof are propagated ; though, for their
Smallnefs, they cannot be feen *.

A. Iam

* 1. Of Mofs, Naturalifts make mention of about 3c0 different
Kinds: though thofe which grow common are not above 50.
They have great Variety in their Growth, Form, and Make ;
and moft of them afford an agreeable Sight in the Microfcope.
I never conld difcover any Thing like Flower-Seeds in many of

them ; and therefore they are truly judged to be Plants of their -

oawn Kind.

z. Dr. Liffer takes the Gills of Muthrooms to be the very
Flower and Seed of the Plant; indeed no other can be dilcovered
by the Microicope. T'he Mouldine/s on Leather, Pafte, Pickles,
¢, 1s of the Muffroem Tribe ; they are well known to be of a
fpeedy Growth; they confift of Multitudes of fine Stalks or
Stems ;. on the Tops whereof grow round Heads, cantaining a
Kind of Liquor, as [ have often found by bruifing them under
the Microfcope,

1. The Fungi, or what we call Feavs-Ear, Agaric, &c. which
grow on the Rind of Trees, are of a very porous Subltance; if
the Superficies of fome be viewed with a Microfcope, it will ap-
pear like 2 Honey-Comb, full of Holes, which go deep, and
makea fftular Subftance. In thefe there is ftilllefs difcernible
of Roots, Flowers, or Seed.

4. The
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4. T am greatly obliged to you, S7r, for this
concife and regular Epitome of the Science of
Vegetarion; and confequently the zrue Theoryof
Plants: 1 never underftood o much before,
nor, indeed, have I Time to perufe voluminous

Luthors..

4. The Puff-Balls are another odd Sort of Produétion ; thefe
at firft have a flefhy Subftance pretty firm, which by Degrees
becoming more ripe, changes to a Kind of Duaft, which MTr,
Bradley takes to be the Seed. ,

5. The Truffle, like the Puff Ball, is formed under Ground ;
it lies about fix or eight Inches deep; is of afirm and fiethy Sub-
ftance within, and cortical without; the flefhy Part, if viewed in
thin Slices under the Miciofcope, appears to be compofed of
roundilh, opake, and very fmall Particles, thick!ly interfperfed
through a white, tranfparent, and feemingly vafcular Subflance,
which runs in large and finer Veins all over the Subftance of the
Truffle. They are of two Kinds, one round, the other of an
Egg-like Figare. They are of a firong and very difagrecable
Odour; butare efteemed in Foodas a very delicious and luxurious
Piece of Dainty. They are found very common in the Woods
of Italy and France ; and, of late, in divers Parts of Enpland, And
Dogs are here taught to hunt them out with as great Sagacity,
anc?aseaﬁ!;.r, as to fet Game.

6. Asto what relates to the Submarine Vegetables, or thofe
which grow in and underthe Sea,asthe large green membranous
Seabelts, which grow on Stones; the 7uci, and other Spze
Weeds ; the Cﬂ?‘ﬂ%ﬁﬂﬂ on Stones and Oyfter- thells ; the Sea-F an;
the Coral, which grows on Rocks; the Sponge, &c. they are
fo numerous, and various, as not to be treated of here ; only this
I hall obferve, in general, that they appear to be deficient in
Roots, Flowers, and Seeds; and are moft of a very wonderful
Texture and Make, efpecially the Sponge, which makes the
fineft of Spectacles in the Microfcope.

7. For Abundance more on this Head, confult Dr. Greaw's
and Malpigh?’s Anatomy of Plants. Tournefors's I:;ﬁ'i!. Ret Herba-
rie. Bradley on Gardering, and bis Philofophical Adccownt of the
Works of Nature. The SpeBacle de la Nature, Vol. 1I. Miller's
Gardener’s Dictionary, Fol. Ray’s Method and Hiffory of Plants,
Hales's Vegetable Statics, Vol. I.  Pomet on Drugs. Clerici Phys.
Lib.IV. Cap. 1. 2, 3. Shaw’s Notes to Boerbaawe's Chymiftry,
Pape 142, i Derbam’s Phyfico-T heology, Book X. The Philolog.
Library, under the Title Botany, Page 131. Chambers and Hay-
ris’s Lexicon. Philofoph. Tran/. abridged by Lowwrhorp, Vol. 11,
Chap. 5.  Fones’s Continuation, Vol. IV. Part z. Chap. s.
Lames and Martyn’s Continugtion, Vol. VI, Part Ii. Chap. 5.

C'H AP,
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€ FriaE UV
ZoOGRAPHY, or the PHILOSOPHY of ANI-
MALS ; of the HumAax Bopy, and its folid
and fluid Parts ; a SURVEY of the Nature of
BeasTs, of Fowt, of Fisues, of INnsecTs,
of REPTILES, of SusLL-ANIMALS, &e. of
Health, Difeafe, Vigilance, Slecp, Dreams,
Hunger, Thirft, Death. ;

A TIRAY what is the Etymology of the
Word Zoography ?

B. It is compofed of the Greck {aor, an Anz-
mal, ot Living Creature, and ypaon, a Defcrip-
tion; and thence it imports a phyfiological De-
Jeription of the Nature and Properties of a
Living Creature, which we call by the general
Term Animal *. A. How

® 1. The Word Arimal is a Derivation from the Latin Word
Anima, which Word, with the Romans and all Latin Writers,
fignifies the Seul » Now let us fee whatIdeas the Latsnsexprefled
by this Word, that we may have the berter Notion of what we
call the Son/, and how far Animals have a Share therein.

2. The Word Anima was derived from the Greet dyspos,
which fignifies the Wind or Air, which therefore muft be the
original, or primary Senfe of this Word ; and fo Firgil ufes it,
Quantum Ignis Adnimague walent, /En. 8. Secondly, it was ufed
for the Breath; thus Plautus, An fatet dnima Uxeris fue ?
Thirdly, it was often ufed for the Body. Fourthly, for the
Mind; which was generally expreffed by another Word, duimus.
Fifthly, it fometimes fignified the Paffions 5 as, Comprime Ani-

mam, Plaut. Sixthly, the moft ufual Signification of all, was

13]1& Life, or that Principle by which Bodies Ziwe, move, and have
eitfe.

3. In Greek, what we call Animal, is called fimply Laer, 2
Liwing Creature, from {ww, tolive, The Greeks indeed have a
Word for the Soul, viz. Juxa; but then this Word alfo was de-
rived from the Word dwxm, to blewu, to breathe, to cool, &c.and fo
hath no other Significationin the original Ufe, than that of the
Breath, or Blaft of Wind ; after which, it comies to be ufed for

the

%
3
*
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A. How many Sorts of Animals are there ?
B. Naturaljfis generally diftribute Animals
into feven great Kinds, viz. (1.) Rational Ani-
mals, or Mankind. (2.) Ruadrupeds, or fouir-
footed Beafts. (3.) Birds, or Fowl. (4.) Fifbes.
(5.) Infecls. (6.) Reptiles. (77.) Conchilious, or
Shell-Animals. Of each of thefe we will take
a fhort Survey; and then conclude with a few
Reflections on the common Accidents of Animal

Life.

. I prefume your intended Survey of Mun
will extend no farther than the 4nimal Parr s

pray, therefore, what are the Component Parts
of our Bodies ?

B. The human Body confifts of f3/id and
Jluid Parts, which in general are called the Sp=
hds and Fluids, or Humours of the Body.

A. What are the general Divifions of this
Part of Philefophy 2

B. I fhall here divide it with refpe@ to the
different Perfe&ion of Animals ; viz.

Y. Anthropography, of the Luman Body.

the Body, the Life, and the Mird, all which Senfes are frequent
in the New Teftament, and other Grees Writers,

4. Laftly, the Words which fignified the Ss«/ amon g the He-

rews, Were two, wiz. wbul, which fignifies the /finfitive Soul:

And 7RI, the buman or ratisnal .S'euxg; but both thefe Words,
likewife, in their original and primary Senfe, were ufed for Ha-
litus, Flatus, Refpiratio, that is, for the Breath or Refpiration in
Animals. See Ger. ii. 7. Fob xxxvii_ 10. ljaiab 11. 22, &e,

5. Now if the Words in three original Languages, which were
ufed for the Sox/, do primarily mean no more than the Breath,
and, atmoft, the Life of Living Creatures, I think, iris evident
that all Credtures which Zrear b¢, and have Senfe and Life, may
properly, yealiterally, be faid to have a Soul; which Soul, in
all Animals, is in a greater or lefler Degree perfe&, accordin
as their Faculties and Powers of Lifz, Senfe, and Mind, are fo.

2, Zoo-
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2. Zoography, of the Bodies of Brufes im
particular. -
3. Ornithography, of the Nature of Birds ot
Fowl, -
4. Ichthyography, of the Nature of Fifbes.
5. Entomatograpby, of the Natuare of Infels.
6. Herpetography, of the Nature of Reptiles.
7+ Zoophytography, of the Nature of Shell-

Animals.

A. Pray what do you particularly include
under the firft Divifion, which you call Ax-
thropography ¢

B. A brief phyfiological Defcription of all the
component Parts of the buman Body; which
Parts are of two different Kinds, wviz. Solids
and Fluids. |

A. Which are the fo/id Parts of the human
Body ?

B. Thofe which follow : 1. Bones. 2. Car-
tilages. 3. Ligaments. 4. Mufcles. §. Ten-
dons. 6. Membranes. 7. Nerves. 8. Arterzes.
9. Veins. 10. Duéts, or fine tubular Veficls of
various Sorts. Of thefe fimple Solids the more
compounded Organs of Life confift.

A. Pray, which are thofe compound Organs
of Life ?

B. The Brain, and Cerebellum; the Lungs;
the Heart; the Stomach; the Liver ; the Spleen;
the Pancreas; the Kidneys; the Glands; the
Inteflines ; together with the Organsof Senle,
viz. the Eyes; the Ears; the Nofe; the
Tongue. "

A. Which
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Of the Bones. 20§
. A. Which are the fluid Parts of the human
ody?

ij They are thefe: 1. The Chyle. 2. Blood.
3. Saliva, or Spittle. 4. Bile. 5. Milk. 6. Lym-
pha. 7. The Semen. 8, The pancreatic Fuice.
9. Urine. 10. Phlegm. 11.Serum. And, 12.
The agueous Humour of the Eyes.

A. Pray what is a Bone, and how generated ¢

B. A Boneis a Bundle of hard Fibres, tied
to one another by fmall tranfverfe Fibres. In
the Farus thofe Fibres are porous, foft, and
eafily difcerned; it is probable they are nourith-
ed by the ferous Part of the Blood. As their
Pores fill up with a Subftance of their own Na-
ture, fo they increafe, harden, and grow clofe ;
thus when the Pores are full of this Subftance,
the Bones are grown to their utmoft Extent,
Hardnefs, and Solidity.

A. Are there not divers Sorts of Bones in the
Body ?

B. Yes; fome are hollow, and filled with
Marrow ; others are falid clear through ; {ome
are very fmall, others very large; fome are
round, and others flaf ; fome are plane, others
convex, or concave; where they are joined to
each other, they make the various fomts
throughout our Bodies. :

A. Pray what is the Ufe of the Bones ?

B.They are in us, as the Timber in the Build-
ing; the Ufe of which is to give Strength, Firm-
nefs, Solidity, Form and Beauty to the Whole,

A. Pray can'you tell the Number of Bones
in a2 human Body ? ‘

B. Dr. Kei/lhas reckoned 245 ; others make
them to be 249, wvrz. In the Skull 14; in the

LI | Face
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Face and Throat 46; in the Trunk 67 ; in the
Arms and Hands 62 ; in the Legs and Feet 6o0.

A. What do Bones yield by a chymical
Analyfis?

B. They produce much wolatile Salt and
Spirit, which are very fubtle and penetrating ;
fome Sulpbur, very ftinking ; a little Phlegim,
and much Earth.

A. What is that Part you call a Cartilage, I
pray you ?

B. A Cartilage, or Griftle, isa {fmooth and
{olid Body, fofter than a Bone; in it are no
Cavities or Cells containing Marrow, nor is it
covered with any Membrane to make it fenfible,
as are the Bones. The Cartilages have a na-
tural Refort or Elafticity, whereby they retrieve
their natural Figure or Situation. They are
chiefly in thofe Places where a foft and eafy Mo-
tion is required, as in the Ears, Nofe, Wind-
pipe, &c. They cover aifo the Ends of all the
Bones that are joined together for Motion.

A. Pray what are their Ufes 2

B. They are appointed for the fpecial Struc-
ture of fome Parts, as the Ears, Nofe, &e¢. and
for the eafy Motion of the Bones in the Joints.

2. What do you call a Ligament ?

B. A Ligament hath its Name from Ligo,
to bind, and is a white folid Body, fofter than
a Cartilage, yet harder than a Membrane;
they have no Cavities containing Marrow, nor
any Senfe : Their chief Ufe is to bind and faften
the Bones (in their Articulation) together, left
they thould be difplaced by any violent Motion.

A. Pray what is a Mufcle ¢

B. A
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B. A Mufcle is a Bundle of flethy, and often
tendinous Fibres : of which all in the fame
Plane are parallel to one another, and are all in-
clofed by one proper Membrane. 'The flethy
Fibres compofe the Body (called the Belly) of
the Muicle; and the tendinous Fibres, the Ex-
tremities: Thus, in Fig. XLII, on Plate XXV,
fronting p. 307, AB is the Belly of the Mufcle,
C is its Head, and D its Tail, both tendinous.

A. How many Sorzs of Mulfcles are there ?

B. Several : Some being long and round, as
Fig. XLII; fome plane and circular, as Fig.
XLIII; fomebroad, whofe Fibres lie {piral-wife,
as Fig. XLIV ; fome broad, whofe Fibres run
ftraight, as Fig. XLV : fome whofe Fibres lie
divaricated, or converge from their Beginning
to a narrow Tendon, as Fzg. XLVI; fome are
double which confift of a Tendon running
through its Body from Head to Tail, and a Row
of Fibreson each Side, as Fig. XLVII; fome are
yet more double, having two or more tendinous
Branches running through them, with various
Rows and Orders of Fibres, as Fzg. XLVIII;
fome have only a fmall long Body, which di-
vides into feveral {mall T'endons at the End, as
Fig. XLIX ; others alfo have two Bodies pro-
ceeding from one Head ; and there are others
yet of a different Sort from any here deferibed.
Note, all the Figures above referred to are on
Plate XXV, fronting this p. 507.

A. What is the Ufe of Mufcles? ;

B. 1. They conftitute the flethy. Part of our -
Bodies, and give it that beantiful Form we ob-
ferve over all its Surface. 2. But they principal-
ly ferve for animal Motion; for by their Means

U 2 all
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all the Parts of the animal Body are moved.

A. How is that Motion performed ?

B. Thus; each Muicle, and every Fibre in
a Mufgle, hath Nerves, Arteries, and Veins, at-
tending it; now by the Rarefa&ion of the
Blood and Spirits in thofe Veffels, their Cavi-
ties are diftended ; the Mufcle muft then fwell
of Courfe, and fwelling, will contract and be-
come fhorter : Therefore the Boze, or Part, in-
to which the Mufcle is inferted, will, by this
Contraction of it, be drawn or pulled towards
that Part where the Mulcle arifes; and this is
the general Theory of all animal Motion.

A. Pray what Number of Mufcles may there
be in a human Body ?

B. Dr. Ket/lenumerates 446 fingle Mufcles in
the whole Body; but others (lefs knowing)
have reckoned different Numbers.

A.Pray what do you underftand by a Tendon?

B. A Tendon is a Part confifting of nervous
Fibres, void of any parenchymous or flefhy Sub-
ftance, invefted in a Membrane common to all
the Mufcles; and form what we call the Head
C, and Ta:/ D, of all Mufcles ; or thofe Parts
by which they arife from, or are inferted inte
the Bones of the feveral Limbs of the Body :
The Number of Fibres in every Tendon is
equal to that of the Fibres of the Mufcle, and
- are the fame Fibres with them ; they are thofe
white, hard, compa&ed Bodies, which we
vulgarly call Sinews.

A. What Part is that you call a Membrane ¢

B. A Membrane isa Web of feveral Sorts of
Fibres, interwoven for the covering and wrap-
ping up of fome Parts; hence they are claftic,

' 5 and
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and of an exquifite Senfe; here the innumer-
able Divifions, Windings, ferpentine Progref-
fions, and frequent Inofculations of Veins with
Veins, and Arteries with Arteries, make a moft
agreeable Embroidery, and delicate Net-work,
covering the whole Membrane.

A. Pray, Sir, what is the Ufe of Membranes ?

B. To cover and wrap up the Parts; to
ftrengthen them; to fave them from external
Injuries; to preferve the natural Heat ; to join
one Part to another; to caufe an exquifite
Senfe ; to feparate an Humour (by its Glands)
for moiftening the Parts, &¢.

A. Are there notdivers Kindsof Membranes?

B.Yes; as the Scarf-Skin, covering the whole
Body; the Skin of the Body itfelf; the Meninges
of the Brain; the Pleura in the Breaft; the
Pericardium involving the Heart; the Perig/-
f/um invefting the Bones : The Tunicles or
Coats of the Vellels, as the Stomach, Bladder,
Veins, Arteries, Inteftines, Tefticles, {F¢. are
all Membranes of different Kinds.

A. Pray what do you call a Nerve?

B. A Nerve is along and {mall Bundle of
very fine Pipes, or hollow Fibres, wrapped up
in the Membranes of the Brain, from whence
they have their Beginning.

A. What do you find to be the U/ of the
Nerves ? ~

B, It is very probably fuppofed, they are the
immediate Organs of all Senfation; for to every
external Organ of Senfe, as the Eye, the Ear,
the Nofe, the Tongue, aredetached oneor more
Pair of thofe Nerves from the Brain; alfo thofe
Nerves which proceed from the fpinal Mar-

U 3 . TOW,
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row, are {pread through all Parts of the Muf-
cles and their Membranes, and to every Point
in the Superficies of the Body; and thereby
make the whole fenfible.

A. Pray by what Means do the Nerves ren-
der the Parts fenfible ?

B. It is imagined they do it by the Motion
of an exceeding fine and invifible Fluid they
contain, called the anzmal Spirits; by which
Impreflions are communicated to the Mind
(whofe Seat is in the Brain) from all Parts of
the animal Body.

A. How many, or what Quantity of Nerves,
may there be in the Body ?

B. There be fen Pair, which proceed from
the medullary Subftance of the Brain, which are
chiefly diftributed to all the Parts of the Head
and Neck; from the fpinal Marrow there pro-
ceeds, through the Vertebre, zbirty Pair to all
the other Parts of the Body; and thus, in all,
there are forzy Pair; for they come forth oris
ginally by Pazrs.

A. Pray what do you call Arteries ?

B. Arteries are thofe Pipes, Tubes, or Chan-
nels, which convey the Blood from the Heart
to all Parts of the Body.

A. What is their Compofition or Texture?

B. They confift, or are compofed of three
Coats, vrz. The fir/t feems to be a Web of fine
Blood-Veflels and Nerves, for nourithing the
Coats of the Artery. The fecond is made up of
circular, or rather {piral Fibres ; of which there
are more or fewer Lays, according to the Big-
ne’sof the Artery. The zh/rd and inmoft Coat

| s 18
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is a fine, denfe, tranfparent Membrane, which
keeps the Blood within its Channels. The Ar-
teries branch out into various Ramifications,
and become invifibly {mall at laft.

A. Pray whence is that Pu/fation we find in
{everal Parts of our Bodies ? '

B. This is a Motion of the Arteries only ;
the Blood being thrown out from the left Ven-
tricle of the Heart into the great Artery, fome
and fome at a Time, prefleth the Sides of the
Artery, and caufes an intermitting Dilatation
thereof ; which is continued by the conftant
pulfive Motion of the Blood, and the Spring or
Elafticity of the Artery acting on it; hence
therefore enfues a conftant a/ternate Dilatation
and Contradtion of the Coats of an Artery,
and is what we properly call the Pu/fe.

A. Pray what is the Difference between Ar-
teries and Veins ?

B. Veins are only a Continuation of the ca-
pillary Arteries at their Extremities, and convey
the refluent Blood back again to the Heart; in
their Return they unite their Channels as they
approach the Heart, and form at laft the three
large Trunks, viz. the Vena Cava Adjcendens,
Defcendens, and the Vena Porta, as they are
called.

A. How happens it that veins have no
Pulfe?

B. Becaufe the Blood is poured into them at
the Anaflomafis in one continued even Stream ;
and becaufe it moves from a narrower Channel
to a wider: the Preflure of the Blood againit
the Sides of the Veins being lefsthan that againft
the Sides of the Arteries,

U 4 A. Pray
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A. Pray what do you call thofe Du&#s, or
tubular Veffels, you mentioned under the lait
Head of folid Parts ?

B. Thofc imall, fine, hollow Pipes or Tubes
difperfed through all Parts of the Body ; which
convey, fome a Lymph, called Lympheduéls ;
others a milky Liguor, called le&eal Veins ; and
others convey other Fuices and Humours of the
Body to their proper Places.

A. Having thus heard you on the Nature
and Ufe of the more fimple Solids, I (hall be
obliged toyou for a fmall Account of the more
compound folid Parts, which you call the great
Organ of Life: And, pray, what is the Nature
of the Brain ?

B. The whole Subftance of the Braiz is di=
vided into two Parts ; that which lies in the
Fore-part of the Skull, called the Cerebrum;
and that lying in the Back-part, called the Ce-
rebellum. In the Cerebrum, or Fore-part of
the Brain, there are obferved two Kinds of
Subftances, the external and internal ; the exter-

nal Subftance is foft, glandulous, and of the

Colour of Afbes; this Part receives the capil-
lary to the Brain, and fendeth from its little
oval Glands aninfinite Numberof Fibres, which
all together make up the medullary Subftance
of the internal Part of the Brain and Cerebel -
lum, which going out of the Skull, form the
Nerves and fpinal Marrow.

A. What is the Ufe of the Brain ?

B. The Ufe of the Brain is to feparate, from
the Blood brought thither, the fineft and fubtlelt
Parts thereof, called animal Spirits, by the

: Glands
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Glands in the external Part, which are received
from thofe Glands by the Fibres of the medul-
Jary Subftance, and are from thence conveyed
by the Nerves, (which thefe Fibres cnmpnfg to
all Parts of the Body; giving the Faculty of
Senfation to the whole,

A. Pray what is the Nature of the Lungs ?

B. TheSubftance of the Lungs is compofed
of aninfinite Number of little Lobes or Spheres,
of various Figures and Magnitudes, whofe Sur-
faces are fo adapted as to leave but few and
{mall Interftices; thefe fmall Lobes are difpofed
like fo many Branches of Grapes on the Sides
of the Branches of the Wind-pipe : Each little
Lobecontains, withinits own proper Membrane,
an infinite Number of {mall and round Blad-
ders, which leave fmall Interfticesbetween, full
of {mall Membranes, like thofe which bind the
Lobes together: The Extremities of the Bran-
ches of the Wind-pipe open into the Cavities of
thefe {fmall Bladders, which are probably formed
by its Membranes; but the fine Blood-Veflels
are only {pread upon the Bladders like a Net,
with frequent and large Inofculations.

A. What is the Uje of the Lungs?’

B.This is the great Organof Breathing or Re-
piration ; as the Air by its Weight forceth into
every Cavity, fo as foon as the Feetus is born, it
rufhes into the Cavity of the Lungs, and fills the
littie Veficles, and by extending them,comprefles
the fmall Blood-Globules in the Veficls {pread
upon them ; this Compreflion is much greateft
when the Air is expelled out of the Lungs by
the Contraction of the Breaft ; and by this Com-

preifion,
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preflion, the red Globules of Blood, which,
through their languid Motionin theVeins, were
grown too big to circulate, are again broken and
divided into the Serum, and fo the Blood is anew
made fit for Nutrition and Secretion. Dr. Kei//
alfo thinks that the Air doth hereby enter and
mix with the Blood. Dr. Cheyne faith, the elaf-
tic Globules of the Blood are hereby formed.
And others hold other Opinions of the Ufe of
Refpiration. But I think it ftrange that Esmu/-
ler, amongf(t his fourteen Ules thereof, has not
mentioned the vital Spirit of the Air, which

robably is thereby intermixed with the Blood,
and diffufed through all the Body, and is therein
the Principal of animal Life ; fince it is well
known Animals cannot live in Air deprived of
this Spirit.  Neither has Mr. Derbam hinted
any Thing concerning it.-

A. Pray what is the Nature and Compofition
of the Heart ?

B. The Heart, (faith Boerbaave) and its
Auricles, are real Mulfcles, and a& with a muf-
cular Power ; for all the Fibres gradually grow-
ing fhorter, diminifh the Length of the Heart,
and increafe its Breadth; they accurately
ftreighten the Cavities of the Ventricles ; dilate
the tendinous Mouths of the Arteries ; determine
the Valves of the Mouths of the Veins for the
Stoppage of their Contents ; and drive, with
great Force, its contained Blood into the di-
lated Mouths of Arteries, in order to its Circu-
lation through the Body.

A. Pray what is the principal Service of the
Heart to the human Body ?

B. This
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B. This wonderful Mufcle has two Motions,
which they call Sy/fole, and Diaflole ; the Sy/tole
{s when the Fibres contra@ and ftreighten the
Cavities ; the Diaffole is when this Mufcle ceaf-
eth to act; its Fibres return to their natural Site
and Tone, and its Cavities become large and
wide. Now the Fena Cava returning to the
Heart, the exhaufted {uperfluous Blood, with
the Chyle newly mixed herewith, pours it
through the right Auricle, whence it is detruded
into the right Ventricle or Cavity of the Heart;
by its Syftale, it is thence driven into the pulmo-
nary Artery, which conveys it to, and diftri-
butes it through, allthe Parts of the Lungs; the
Blood being here, by Refpiration, peepared, re-
duced, mixed and impregnated with the viza/
Spirit, and nutritious Principle of the Air, is re=-
manded back again by the pulmonary Vein to
the left Auricle; thence into the /ef Ventricle
of the Heart, which is then in 1its Diaflole 5
laftly, in the Syffole of this Ventricle, the Blood
now refeed 1s thruft into the great Artery,
called the Aorta, which carries it again through
all the Body : Thus the Heart? is the inftrumen-
tal Caufe of the Blood’s Circulation.

A. In the next Place, pleafe togive me fome
Account of the Nature of the Stomach.

B. The Stomach is compofed of four Mem-
branes : The fir/? and inmoft is a large mufcular
Coat, lying in Plaits, and containing a great
Number of Glands, thence called the Tunica
Glandulsfa. The fecond Coat is much finer and
thinner; is altogether nervous, and therefore of
exquifite Senfe. The #bird Tunicle is made of

| ftraight
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ftraight and circular Fibres ; fo that by this
mufcular Coat the Ends of the Stomach are
drawn towards its Middle, and the Whole is
equally contracted. The fourth is the common
external Cover of the whole Stomach; it pro-
ceeds from the Peritoneum.

A. To what Ufé doth the Stomach ferve ?

B. The Ufe of the Stomach is Digeffion ;
which is the Diffolution or Separation of the
Aliments or Food into fuch minute Parts as are
fit to enter our /affeal Velfels, and circulate with
the Mafs of Blood : This is principally effected
by the Sa/iva, or Spittle of the Mouth; the fer-
menting Juice in the Stomach, feparated by its
aforefaid Glands; by the Liquors we drink;
and, /aft/y, by the continual Motion of the mu{-
cular Coats of the Stomach, whofe abfolute
Poweris, by Pitcairne, demonftrated tobe equal
to 117088 Pounds Weight; to which, if the
abfolute Force of the Diaphragm and Mufcles
of the Abdomen be added, the Sum willamount
to 250734 Pounds Weight; which is above
2238 Hundred Weight, or near 112 Tons:
No wonder then the very hardeft Diet, or Bones
themfelves, fhould fo foon be reduced to a lj-
quid Subftance, we call the Cbyle, by fuch pro-
digious confpiring Forces ! |

A. What is the Compofition of the Liver ?

B. The common Membrane being raifed, the
Subftance of the Liver feems to be compofed
of Jinall Glands of a conic Figure, and bound to-
gether bya proper Membrane into feveral Heaps
or Lobes, which, like Bunches of Grapes, hang
to the Branches of the Veflels, /viz. the Vena

| Porte,
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Porte, and the Vena Cava) from which each
{fmall Gland receives a Twig, and the Lobesare
tied to one another by fine Membranes, which
fill up the Spaces between them; and thus the
parenchymous Subftanceof the Liver is formed.

A. What 1s its Ufe?

B. The Vena Porte brings the Blood to the
Liver full of Bil, for its Secretion by the
Glands of the Liver; and the Vena Cava carries
back the Blood, which remains, to the Heart.
The Bile thus ftrained from the Blood is, by
fmall Veflels, brought to the Ga/l-bladder, one
Part; and the other Part is feparated immediate-
ly into the Dué, called the Portus Biliarius;
this Du¢t going out of the Liver, joins the Neck
of the Gall-bladder at fome Diftance, and forms
one common Du&, called the Choledochus,
through which both Sorts of Bile mix and pafs
to the Lower-end of the duodenum Gut, where-
intoit flows, in order to mix with the Chyle:
Thus the U of the Liver is to feparate the Bile

from the Blood.

A. Pray what is the Nature and Make of the
Spleen.

B. The Subftance of the Spleen (contained
within two Membranes) is compofed of an In-
finity of Membranes, which form little Cells
and Cavities of different Size and Figure, which
communicate with one another, and are always
full of Blood.

A. What is the Ufe thereof ¢

B. Theancients knew nothing of its Ufe; nor
can the Moderns do more than conjecture at it.
You may fee Dr. Keill's ingenious Hypothefis of

its
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its being Nature’s Storeboufe, in which fhe de=
pofits the arterial Blood for the Ule of the Li-
ver, in his Anatomy; and the learned Difqui-
fitions of the great Boerbaave on this Subject,
in his Inftitutions, Page 139.

A, What is that you call the Pancreas 2

B. It is the fame as is vulgarly called the
Sweet-bread; it is called Pancreas from war 3
all, and xpéas Flefb ; as much as to fay, a Part
all Fle/b : Itis compofed of an infinite Number
of little Glands, itfelf being only a large Gland
of the conglomerate Kind; whenceits Sub-
ftance, as we find, is always foft and fupple.

A. Pray whatis its Ufe 2

B.Tofcreen from the Blood, brought thither,
a Liquor called the pancreatic uice, which is
conveyed by a proper Duét to the duodenum
Gut, there to dilute the Chyle.

A. What is the Subftance of the Kidneys ?

B. The Kidneys are likewife two large
Glands, whofe parenchymous Subftance is com-
pofed of an Infinity of very fmall Glands, every
where interwoven in the Net-like Inofculations
of the fine capillary Branches of their Arteries
and Veins : From each {mall Gland proceeds a
long fmall Tube; thefe Tubesapproaching to-
wards the Cavity of the Reins gather together
in little Bundles, and form the inner Subftance
of each Kidney.

A. Ts not their Ufe 7o feparate the Urine
from the Blood?

B. Yes; the Blood being conveved to them
by the emulgent Arteries, hath its {erous briny
Part ftrained off by their little Glands, and then

4 is



Of the Kidneys and Glands. 319

is returned again by the emulgenr Veins; the
Urine, thus feparated, runs down by the Ureters
into the Bladder.

A. Pray what is the Nature and Texture of
the Glands ¢

B. The Moderns have reduced all the Glands
of the Body to twoSorts, viz. Conglobate Glands,
and Conglomerate Glands. A Conglobate Gland is
a little fmooth Body wrapped up in a fine Skin,
by which it is feparated from all other Parts,
only admitting an Artery to pafs in, and a Vein
and excretory Canal to come out: Of this Na-
ture and Sort are the Glands of the Brain, of
the Lips, and of the Tefticles. A Conglomerate
Gland is compofed of many little Conglobate
Glands, all tied together, and wrapped up in
one common Tunicle or Membrane, whofe
various excretory Ducts uniting, form one or
more larger Pipes, or evacuating Veflels: Of
this Sort are the Breafts, the Sweet-bread, thc
Kidneys, &c.

A. Their Ufe I underftand is Secretion of
Humours _from the Blood ¢

B. Itisfo: Thus, the Glands of the Brain
fecern the Animal Spirits; thofe of the Mouth,
the Sa/iva or Spittle; thofe of the Breafts, Mi/k;
thofe of the Reins, Urine ; thofe of the Liver,
Bile; thofeof the Teffic/es, the generative Semen;
and thﬂfe of the Skin, the infenfible Matter of
Perfpiration, or Sweat. The Number of thefe
fmail cuticular Glands is fomewhat wonderful ;
it is fuppofed, that one Grain of Sand will cover
no lefs than 125000 of them; if then wereckon
only 2000 of thefe Grains to an Inch Square,

and
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and allow, at a Medium, the Surface of a Man’s
Body to be equal to 14 {quare Feet; then there
will be of thofe fmall Glands in the Skin, the
Number of 324000000000 ; each of which
contains a Pore, or invifible Spiracle, through
which we conftantly perfpire *.

A. Pray what Quantity of Matter goes off
by this infenfible Perfpiration ?

B. Sanéforius tell us, in his Aphorifms, that
by weighing himfelf he has found, 1. Thata
Man fleeping perfpires twice as much as when
awake. 2. That a found Man in one Night of
feven Hours Sleep, generally perfpires fifty
Ounces, or three Pounds Aveirdupoife, or four
Pounds Troy Weight. 3. That fcarce half a
Pound of this perfpires in the firft five Hours.
And we cannot wonder hereat, fince it appears
there are above three hundred thoufand Millions
of Pores in the Body of a middle-fized Man ;
through which there muft of Neceffity go off
a much greater Quantity than eitherby Szoo/ or
Urine, or both together.

A. Well, I am wonderfully pleafed to know
this furprizing Part of Philofophy, and dointend
for the Sake hereof to buy Saenéforius’s Book :
But, to go on, pray what is the Nazure and
UJe of the Inteftines ?

* This is upon Truft from Mr. Leawenbeck, who certainly was
very ha g}; at thefe Kinds of Invention, for his Eyes, though
old, and Microfcopes, though fingle ones, couid in many Cafes
difcover, what I never could with young Eyes, and the beft dou-
ble Microfcopes. 1havetried in Variety of Subjets to find thefe
Pores in the Cuticle, but in vain. And indeed T very much
queftion whether ever he did actually fee any fuch Thing.

B. The
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B. The Inteftines are a long and large Pipe,
which, by feveral Circamlocutions and Turn-
ings, rcaci:es from the Pylorus of the Stomach
to -the Anus: They are knit 2all along to the
Edge of a Membrane, called the Mgﬁ’fffsry, and
are {ix Times as long as the Body to which they
pertain : Their Ufe is, by a peculiar wermicular
Motion of their {piral-fibred Coats, to convey
along, and extrude out of the Body, the Feces,
or the recrementitious Part of the Food, after
the Chyle is ftrained from it.

A. Pra}r how many different Organs of SHM:-
tiom are there?

B. Four particular ones, viz. the Eye, for
feeing ; the Ear, for ﬁfarmg ; the Ngfe, for
Jmelling; and the Tongue, for tafling : And
there is one general Senfﬂ, viz. of feeling,
common to all the Parts of the Body.

A.What is the Struétureand Ufe of the Eye?

B. The Eye is a curious and moft wonder-
ful Piece of Nature’s Work, admirably con-
trived with various Coats, Mufcles, Veffels, and
Humours of three {everal Kinds, for the Purpofe
of Vifion: The firt Humour of the Eye is
called the agueous Humour, being in all Refpects
like Water, but of a {pirituous Nature; for it
will not freeze in the greatei’c Cold. The fe-
cond is called the e¢ryfalline Humour, being
tranfparent, and more folid than either of the
other; its Figure refembles an optic Lens, con-
vex on both - Sides, and its Ufe in the Eye is
the fame. Behind this lies the witreous or glaffy
Humour ; it is very much like the White of an
Egg; is in greater Abundance than either of
the other; it gives the Eye its fpherical Form;

X and
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and is thicker than the aqueous, but thinner

“than the cryflalline Humour. Next this Hu-
mour, on the Bottom of the Eye, is fpread a
fine curious Membrane, called the Refina,
through which are expanded the medullary
Fibres of the optic Nerve, which come from
the Brain. Now the Rays of Light, which
come from all Parts of any Objeét, falling upon
the aqueons Humour of the Eye, are through it
refracted to the cryfallive Humour, by which
as a double convex Lens (kept always at a pro-
per Diftance by the g/a/ly Humour ) they are all
converged and united on the Retinag ; the Im-
preflion thereof being communicated to the
common Senfory of the Brain by the optic Nerwves,
doth there prefent to the Mind the Species and
Image of the Obje@; and .thus is Vifion per-
formed by Means of the Eye.

A. Pray how is the Senfe of Hearing per-

formed by the Ear 2 pai? '

B. I have already told you, that Sounds are
brought to the Ear from the fonorous Body by
Means of the 47r; and the external Part of the
Ear is {o contrived by its Ridges and Hollow,
that Sounds, being gathered into the Ear as
into a Tunnel, are thereby direted to the
Meatus Auditorius, through which they pafs
and ftrike upon a thin tranfparent Membrane

of an oval Figure, fet a little obliquely acrofs

the Paflage of the Ear; behind this Membrane
there is a pretty large Cavity, which, with the
{aid Membrane, from its Refemblance, is called
the Tyzmpanum, or Drum of the Ear: In this
Cavity are four {fmall Bones, which from their
Vorm are called Malleolus, or the Hammer 3

' g the
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the Fucus, or the Anvil; the Stapes, or Stir-
rup ; and the Os Orbiculare, or circular Bone.
Within the Tympanum there are feveral other
Cavities, as the Peflibulum, the Labyrinth, and
the Cochlea; thefe internal Cavities are always
full of Air; wherefore the Sounds in the ex-
ternal Air ftriking on the Drum, move the four
little Bones in the Tympanum, and thefe in like
Manner move the internal Air, which maketh
an Imprefiion on the fine Branches of the qu-
ditory Nerve {pread through the Veflibulum, the
winding Tubes of the Labyrinth, and Cochlea;
and thus all Refra&tions and Modulations of
the external Air become perceptible, and con-
fequently all the different Sounds they convey
become audible, and intelligible to the Mind,
by the Communicatien of thefe Nerves with
the Brain, or common Senfory.

4. Pray how is the Senfe of Smelling ef-
fected in the Nofe 2 _ |

B. The Cavity of the Nof is divided into
two Parts, we call the Noffrils, by a Partition,
of which the upper Part is bony, and the lower
cartilaginous : The upper Part of the Cavity is
covered with a thick glandulous Membrane,
above which the offadtory Nerve is fingly
branched out and fpread over the Membrane
.of the fpongy Bones of the Nofe, and the other
finous Cavities of the Ngffri/s: Whence the
Exhalations of Odours entering the Nyfrils
make their Impreffions on the Fibres of the
Nerves, which, by their Communication with
the Brain, excite in the Mind the Swell or Scri=
Jation of Odours of every Kind,

| a2 e, ABE
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A. And thus, I fuppofe, you account for the
Senfe of Tafle in the Tongue ¢

B. The Tongue is covered with two Mem-
branes ; the external is thick and rugged, efpe-
cially in Beafts ; the internal Membrane is thin
and foft ; upon it appear feveral Papille or
{mall Rifings, like the Tops of the {fmall Horns
of Snails; ‘thefe Papille are made of the Ex-
tremities of the Nerves of the Tongue, and
piercing the external Membrane, are conftant=
ly affeted by thofe Qualities in Bodies, which
have their Taftes excited in the Mind by Means
of thefe nervous Papille ;s and thus are thefe
Papillz the immediate Organ of Tafting.

A, Pray how is the general Senfe of Feeling
performed ? |

B. Of this a general Account muft ferve: I
have already told you, that from the Brain and
fpinal Marrow there iflue out divers Pairs of
Nerves, whichare ramifiedand difperfed through
all Parts of the Body; and confequently no
Imprefiion on any Point, either on the Super=-
ficies, or internal Compages of the Body, can
be any way made, but it muft immediately
affe@ cither the Extremity, or fome Part of a
Nerve, and is therefore immediately commu-
nicated to the Brain by the animal Spirits 5 and
thus the Mind becomes confcious of every
Motion, Affettion, or Accident of the Body ;
and this we call the Senfation of Feeling.

A. Having thus obliged me with an Ac-
count of the fo/id Parts, and of the Organsand
Manner of Senfation, 1 beg you would now

proceed to defcribe the Fluids of the human
Body ;
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Body; and firft, pray, what do you call the
Chyle?

B. The Chyle is a milk-like liquid Subftance,
into which the Food is converted by the Con-
coétion and Digeftion of the Stomach, as before
I told you; the Chyle pafiing by the Pylorus out
of the Stomach into the firft of the Inteftines,
called the Duodenum, in it and in the next,
called the Fejunum, it mixeth with the Bile
and pancreatic Juice; by which Means the
Cbhyle undergoes a further Preparation; the
more alimentary Part being hereby refined and
feparated, is received into the numerous Orifices
of the firlt Jatteal Veins, opening into the faid
Inteftines; by thefe it is conveyed to, and
ftrained through, the Glands of the Mefentery ;
whence it is received by a fecond Sort of lacteal
Veins, and carried to the Bafon, called the Re-
ceptaculum Chyli; where being duly impregnated
with the Lympb from the Lympheducts there
poured into it, it is thence carried upward by the
thoracic Dué&, and emptied into the left fub-
clavian Vein, where it is mixed with the refluent
venal Blood, defcends into the right Ventricle
of the Heart, is thence circulated through the
Lungs into the left Ventricle, and from thence
through all the Parts of the Body: And this is
the animal Oecconomy, or ordinary Method by
which the Blood is removed, and Life continued.

A. Pray what is the Blood ?

B.The Blood is a vital Stream proceeding from
the Fountain of the Heart, and circulating con-
ftantly through the whole Body by the Canals
of the Arteries and Veins, If it be viewed

X 3 with
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with a Microfcope, it appears to confift of {mall
red Globules {wimming in a thin tranfparent
Serum, and that each Globule is made up of
fix lefler ones, which, refolved, take upon
them the Nature of the Serum, whofe Colours
arc various. Dr. Boerbaave fays, that the Mix-
ture, Fluidity, Heat, and Rednefs of the Blood,
are owing to, and preferved by, the circulatory
Motion thereof. |

A. Pray what is the Rate of the Blood’
Motion through the Body ?

B. Eachi Ventricle of the Heart will contain
about az Ounce of Blood ; the Heart contraéts
about 4ooo Times in an Hour; hence there
pafieth through the Heart every Hour 4000
Ounces of Blood, which is 250lb. Weight.
Now an Ounce of Blood is equal in Bulk to
1.°% Inch ; and if we fuppofe the Heart con-
tracts 8o Times in 2 Minute, then 8o Ounces
of Blood will.be equal to 132,22 Inches, which
paflfeth the Heart in one Minute, Now Dr,
Keill found the Diameter of the Aorza to be
0.73 Parts of an Inch, and thence its Orifice
0.4187; by whichdivide 132.7%, and the Quo-
tient will be the Length of the Cylinder, or
Space through which the Blood will move in a
Minute, v:z. 316 Inches, or 26 Feet. But, be-
caufe of the Diaflole of the Heart which takes
up half the Time of a Pulfation, there goes
out of the Heart 8o Ounces in half a Minute;
whence the Blood’s Velocity will be double, or
1t moves at the Rate of 52 Feet in 2 Minute.

A. Is the Velocity through the Trunk the
fame -as through all the Branches taken to=~
gether? | B. Noj;
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B. No; for the fame ingenious Anatomift
found the exac Proportion of the Branches to
the Trunk of the Artery to be as 12387 to
10000, and confequently the greateft Velocity
of the Blood will be to the lealt, as 5233 to 1;
or the Blood moves 5233 Times flower in fome
capillary Arteries, than it does in the Aorta.
The Blood is received from the Arteries into
the Veins, where it ftill moves flower as it ap-
proaches the Heart. Now the Arteries are to
the Veins, as 324 to 441; and therefore the
Blood moves in the Veins above 7116 Times
flower than in the Ao ta. t

A. What Quantity of Blood do you find to
be in the buman Body ?

B. You afk a Queftion very difficult to be
an{wered: At prefent I cannot find any Perfon
can certainly tell; Autbors determine from 10
to 251b. and Dir. Keill reckons the whole Body
confifts of near two-thirds Fluids, the greateft
Part of which is Blood. |

A. What do the Chymifts find the Blood to
confift of ?

B. Of much wolatile Salt, and Spirits ; {fome
Phlegm and Sulphur ; a little Egrth; and but
little or no fixed Salts: Alkalies diffolve in 1t,
and Acids coagulate it.

A. How are the other Fluids of the Body pro=~
duced ? |

B. Theyare all feparated from the Blood in
fome Part of the Body or other by the Glands.
Thus the Saliva or Spittle is fecerned by paro-
dital Glands behind the Ears, and maxillary
Glands of the Mouth; the Bile is feparated by

X4 _ the
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the Liver ; the Mk is firained off from the
Blood by the Gland of the Breafts ; the Lymph
is a fermenting Liquid fecerned by the {mall
conglobate Glands 1n feveral Parts ; the Semen
15 fecreted from the Blood by the Tefticles,
brought thither through various Circumvolu-
tions and Contortions of the fpermatic Arte~
ries 3 the Pancreas, or Sweet-bread, alfo fepa-
rates a fweet lymphid Liquor or Juice, to dilute
and refine the Chyle ; the Urine is fecerned by
the Reins ; it contains volatile Salt, Spirit, an
oily Sulpbur, Phlegm, and Earth; from Urine

fermented is diftilled that luminous Matter

called Phofphorus, which is either folid or li-
quid.  Phlegm is a mucous Matter, feparated
by the Glands of the Mouth, Nofe, &¢. Serum
1s the aqueous Part of the Blood, which is not
difcerned from the Blood itfelf in the Body;
but taken out, it feparates from the coagulated
Blood, by the Action of the Cold ; the agueous
Humour of the Eye, fecerned from the arzerial
Blsod in the Veflels of the Eye ; the cryffalline
‘and wvitreous Humours are improperly fo called,
they confifting of an infinite Number of fmall
Veflels filled with circulating Fluids.

A. Siry I am greatly obliged to you for tak-
ing {o much Pains for my Information, yet, as
you feem to do it with a great deal of Pleafure,
I fhall be bold to atk a few Queflions more;
and, pray, what do you fay of the Nature of
Hair? '

B. When we examine the Hairs with a M-
crgfcope (faith Dr. Kes//) we find they have each
@ round bulbous Root lying pretty deep in the

“Skin,

T R g e




The Hair, Nails; of Generation. 329

Skin, and which draw their Nourifhment from
the furrounding Humours; that each Hair con=-
fifts of five or fix others wrapped up in a com=
mon Tegument or Tube: They grow as the
Nails do, each Part near the Root, thrufting for-
wards that which is immediately above it; and
not by any Liquor running along the Hair, in
Tubes, as Plants grow. Their different Colours
depend on the different Quality and Tempera-
ment of the Humours producing them ; they
ferve for the Covering and Ornament of the
Body. Mr. Derbam gives us the Reprefenta-
tion of two Hairs of a Moufe (the moft tranf-
parent of any) the one in Fig. L. on Plate XV,
fronting p. 307, where @ is its Appearance
through a fmall Magnifier, and A as it appears
through a large one. Fig. LI. on the fame
Plate, ¢ and D are the fame Views of another
Hair, to thew. the different internal Make of
the Hair of the fame Animal *#,

A.- Pray what are the Nails ?

B. Our Nails are of the fame Nature as the
Hoofs of Beafts ; and are nothing but the Covers
or Sheaths of Papilla Pyramidales of the Skin on
the Extremities of the Fingers and Toes, which
dry, harden, and lie clofe upon one another.

A. You have been long telling what thofe
Parts are of which our Bodies confift; but,

* Inever could find, by viewing of tranfparent Hairs, that
they afforded any other Appearance than that of clear, long,
round, or cylindrical Tubes; the Hollownefs of the larger ones
being very vifible, but of the fmaller ones not difcernible ; and
their Texture or Subftance has always appeared to me to be fim-

le or uncompounded. So that the Reader is to believe or re-
7¢é what Dr. Keill and Mr. Derbam have afferted, as he may
think reafonable, -

5 pray,
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pray, how are our Bodies at firft generated or
formed in the W omb ¢. This you have not yet
told me.

B. The Learned of late have found by their
Microfcopes, that not only Man, but ali Ani-
mals, do really exift (in their proper Form
compleat in all their Parts) in the Seed of the
Male Animal, before Generation, in a {mall in~
vifible State, called Miniature. It is amazing
to fee the prodigious Number of little Creatures,
like fo many Tadpoles, (wimmingevery Wayin
the Male Sperm of all Animals. Thofe Ani-
mals are fo fmall, that 3000000000, 7. e. three
thoufand Millions of them, are not equal to a
Grain of Sand, whofe Diameter is but the
1oodth Part of an Inch. The Animalcule that
has the good Luck to get fafe into the W omb,
through the Fallopian Tubes in a Kind of Egg,
is there foftered a while fome how, till, at
length, the Placentq appears like a little Cloud
on one Side of the external Coat of the Egg;
and at the fame Time the Spine of the Embryo
is grown fo big as to be vifible, and a little after,
the Brain and Cerebellum appear like two fmall
Bladders, and the Eyes next ftand goggling out
of the Head ; then the Beating of the Heart, or
Punctum Saliens, is plainly to be feen, and the
Extremities of the Body difcover themfelves laft
of all; fo far Dr. Kez//: And this is the pre-
fent Theory of Generation ; and very much alike
in Plants and Animals *. A. Pray

* The Affair of Impregnation and Generation, even after all the
late Difcoveries,remains fo very perplexed, obfcure and doubtful,
that nothing of Certainty can yetbe determined aboutit. Some
afferting the lirtle Animal to be originally in the Female’s Egg ;

others deny that, and affirm they have no Being there till the Egg
1s
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A. Pray what do you obferve in particular
of the Nature of Beafts™ ¢ B. The

is fecundated by the Semen Mafeculinum in Coitz, Sece the Contro-
verfy in Mr. Bradley’s Phil. Account of the Works of Natuare,
Chap, 9. Mifiellanea Curiofa, Vol. 1. Page 142. by Mr. Garden,

* 1. Mr. Ray, in his Synopfis of Animals, diitinguithes Quadra-
peds into two Kinds, wiz. (1.) The angalated or hogfed Beafls
with four Feet; and (2 ) The unguiculated, digitated, or clazved
our-footed animals,

2. The Hoofed Quadrupeds are either (1.) Selidipeds, or Whole-
hoofed ; as the Horfe, Afs, Mule, &F¢c. Of this Tribe none
bears Horns. (2.) Bifultated, or Cloven-footed : Of thefe, fome
are Ruminant, or cheav the Cud ; as the Ox, the Sbfjp, the Goat,
the Deer Kind. Of thefe the three former bear bodoaw and per-
petual Hornsy the latter, elofe .and deciduous Horns., Again, fome
of the Cloven-foored do not cheaw the Cud, as the Hog and Sawine
Kind. (3.) Quadrupeds which have their Hoof cloven into
four Divifions, and feem not to be Ruméinant ; asthe Rbinoceres s
the Hippotamus, or River-Horje ; the Tapijercte, and Capy-Bara
of Brajil, &c.

3. Ofthe fecond or unguiculate Kind of Quadrupeds, the Ele-
phant is fomewhat fingular; his Claws adhere to each other,
and are all covered with one common 8kin, having only their
obtufe Nails fticking out round the Margin of the Foot.

4. The Camel and Dromedary have only fawo Claws; and,
though they have no Horns, they ruminate or chew the Cud, and
have the four Stomachs of horned ruminant Animals. Of thefe
fome have one Bunch on the'Back, and another Sort have two,

5. The Anthropomorpha, or thofe Quadrupeds which have the
Footdivided into many Clazvs, with broad Nails on them, like
the F inﬁers and Toes of Men, make the third Species of this
ﬂnﬁ#i-ﬂﬂ ate Kind : As Apes, which have no Tails, and Monkeys
which have Thails, and they of a large Size, called Baboons, To
this Tribe alfo belong the Qarang-Outang, or the Wild Man; the
Cagui and Cay of Brafil; and the Cercopitheci, or Monkeys of
feveral Countries,

6. A fourth fpecies of this Kind is when the Claws are many,
and have crooked and fharp-pointed Nails, like the Talons of
Birds of Prey ; and they are of the Caz, the Dog, the Permin,
and the Hare Kind. ,

7. Of the Cat Kind of Quadrupeds, are reckoned the Lion;
the Tiger; the Pardalis (whofe Male is Pardus, Female Pan-
ther) ; the Lespard; the Lynx ; the Cat-a-Mountainyg the Bear ;
and the common Cat, . -

8. Of the Dag Kind they account the common Dog, the /Folf,
the Fox, thej’aciaﬂ, the Ciwves Cat, as it is etroneoully called ;the

; Rackoon,
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B. The Nature of Beafts or Quadrupeds, is,
with Refpect to the fenfitive Life, or animal Oe-
conomy, the fame with that of Man already de-
{fcribed: What I fhall here take Notice of then,
fhall be thofe Particulars wherein the Brute dif-
fers from a Man, and is what he is; the Chief
of which are the following : 1. Their external
Form and Shape, which is almott infinite; and is

Rackoon, or Ratoon 5 the Badger ; the Otter ; the Sea-Calf, or Seal;
the Sea Horfe ; the Sea-Cow'; and fome other outlandifh Animals.

g. Of the Permin Kind are the Weafel; the Ermine, or Steat,
if white ; the avild Steat, or Ferret ; the Pole Car; the Marten,
or Martlet; the Sable; the Genetta; the Ichneumon Bellonii ;
the Indian Mungo; and Quirpele, &c.

10. Of the Hare Kind are the Hare; the Rabbet, or Coney ;

the Porcupine; the Bewer ; the Squirrel; the Rar ; the Mouse;
the Dormounfe; the Guinea Pig; the Tapeta, Aperca, Apati, and
Paca, of Brafil; and the Comies and Mice of various foreign
Countries. :
11, To thefe Kinds of Quadrupeds may be added fome others
more anomalous, as Fiwiparous four-footed Animals, having a
Pongifb Sunout, and their Feet divided into many Claws or Toes, and
bawving Teeth : As the Urchin, or Hedge Hog ; the {everal Sorts of
Yatons, or Armadille’s ; the Mole ; the Shrew-Moufe; the white
Indian Erinaceus, &c.

12. Others, avhich bave a fmrgf,‘ﬁ Snout, their Feet divided inte
many Claavs, but hawveno Teeth : As the greater and lefler dnt-
B:ar ; the Tamandua Guacu of Brafil, &c.

13. Flying Quadrupeds, with a fhorter Snout, and their Feet
divided as before ; as all of the Bas-Kind, or Flutter Mice; of
which there are feveral Sizes, and different Forms.

14. Fiwviparous and fanguinesus Quadrupeds, breathing with
Lungs, and having only one Ventricle in the Heart; as the
Frog ; the Toad ; t%u: Tortoife ; of thefe there are many differ-
ent Species both of Land and Water ones in foreign Parts.

15. OwiparousQuadrupeds with along Tail firetched out he-
rizontally ; as allof the Lizard Kind ; the Crocedile; the com-
mon Eft, or Neawt ; the Seps, a Sort of footed Serpent ; the Sala-
mander 3 the Cameleon 5 a flying Lizard ; with various other
Kinds. ;

Confult Mr. Ray's Synopfis Animalium. Fobnfloni Hifforie
Naturalis. Borelli de Motu Animalium. Willis de Anima Bru-
torum, Ariflotle and AZlian among the Ancients ; as alfo Pliny’s
Natural Hiffory of the World, :

that
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that which chiefly diftinguifhes the variqus Epe-
cies of Brutes. 2. Their Size, of which there
are numerous Degrees ; the greateft of all are
the Elephantand Rbinoceros. 3. Their prone Pof-
ture, necefiary to their Way of Living. 4. Their
Mbotion, or Gait, which is on four Legs, and are
therefore called Quadrupeds. 5. The {pecial
Contrivance and Form of their Heeds, which
is infinitely various. 6. They are fome of them
endued with Horns of various Figures and Sizes.
. They have a fpecial Form and Structure of
their Ears externally. 8. The Make of the
Eye is very different in different Species of Ani-
mals. 9. The Nect is adapted to the Length
of their Legs, except only in the Elephant,
which hath his Probofcis, or Trunk, to fupply
that Defe@t. 10. The Form of their Legs is
peculiar, yet different in divers Species ; whence
the flow Motion of fome, and wonderful Agi-
lity and Swiftnefs in others. 11. They are all
provided with Tai/s of different Length, Size,
&¢. whofe Ufe is to defend themfelves from
the Moleftation of Flies, &¢. 12. Their Bodies
are clothed with various Teguments of Hair,
Wool, Spines, Down, &c. fuitable to their par-
ticular Occafions of Life. 13. Their Feez are,
fome cloven into Hogfs, others divided into
Claws, with Variety of different Nails to an-
{fwer their various Purpofes of Life. 14. Their
Nufirils are fomewhat differently formed from
ours, and from one another. 15. Their Braiz
is confiderably lefs in Proportion to their Bo-
dies, than Man’s. 16.They have fome of them
a peculiar Membrane, called the niftitating
Membrane of the Eye, by which the Eye, fre-

- quently
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quently winking and contra@ing the Pupil, is
preferved from the Annoyance of the Grafs,
Stubble, &e¢. in gathering their Meat. 17. They
are provided with a ftrong, tendinous, and in-
{enfible Ligament, braced from the Head to the
Middle of the Back, called the white Leather,
which fufpends tite weighty Head without Pain,
in-grazing, &c. 18. The Stomachs of PBrutes
are different from ours, and from each other’s,
bothin Size and Number; for fome have finall,
others large Stomachs; in fome, one only ; in
others, two or more; thus the Dromedary hath
Jour Stomachs. 19, Some have the wonderful
Faculty of Rumination, or chewing the Cud;
for the compleat Maftication of the Food at
the refling lcifure Times of the Animal.. 20
The Hearts of Animals are of {pecial Struc-
ture; in fome it hath but owe FPentricle, as
Frogs; in others zwo; and in fome three Ven-
tricles, asin the Sea-Calf, &c. 21. Some Ani-
mals live only on Land; others, called Ampbi-

bious, live both on Land and in the Water. -

22. The Food of Brates is very various, fome
feeding on Flefh, called Carnivorous ; others
on Grafs, called Graminivorous; fome on
Grain and Seeds, called Granivorous, &c. Be-
fides innumerable other Differences that might
be named, of lefs Note, between a Max and a
Brute. '
A. Pleafe nowto oblige me with a thort Ace
count of the Nature of Birds or Fowi *,
B. The

® 1. Birds are either Land Foawl, or Water Fowl : Of Land
Fowl, fome have crooked Beaks and Talons ; of thefe fome are
carnivorous and rapacious, being called Birds of Prey; fome
Jrugivorous, or which feed on Corn, and are called by the gene-
“ral Name of Parrets. 2. Of

]
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B. The Philofophy of Fowl, or the feathered
Tribe, is really wonderful, as will appear from
a thort

2. Of Birdsof Prey, fome are diurnal, preying in the Day-
time ; and of thefe they reckon a greater and a leffer Sort: The
greater are either of a more bold and generous Nature, as the
Eagle-kind ; or of a more cowardly and fluggith, as the Pulture.

3. The lefler diurnal Birds of Prey, are the decipitres, or of
the Hawk-4ind, And thefe are of a more bold and generous
Nature, and are want to be reclaimed and managed for Fowling,
and are called Hawds: Thefe the Falconers diffingunith into
Long-wiinged, asthe Falcon, Lanner, &c. and Shert-winged, as
the Goawk and Sparrow- Haawk.

4. Thofe of the Hawk-kiand, which are of a Nature more
cowardly and fluggith, or elfe indocile, are neile&ed by the
Falconers, and fo live at large, And of thefe there is alfo a
greater Sort, as the Buzzard-kird; and a lefler, as the Butcher-
Bird, or Shrike; (aboutas big as a Black-bird) and the Bird of
Paradife, which is exotic. - e

§. Of Birds of Prey with crooked Beaks and Talons, fome
are nocturnal, or which fly and prey by Night, as the Owl-kind.
And thefe are either horned or eared, as the Eagl-Oavl, the
Horn-Oaul, &c. or without Horns, as the Brows.Oavl, the
‘Grey-0avl, &c.

6. There is a Sort of Land-Birds, which feed on both Flefe
and Fruits, and are diftinguifhed into three Sorts, according to
their Bignefs ; the greateft Size being called Maccawws; the mid-
dle-fized, and moft common, Parrets and Proginjays; and the
leaft Sort, Parrakests; and all this Kind make uwie of their Beak
in climbing, and move the upper Jaw.

’7. Land-Birds that have their Bill and Claws more ftraight, are
alfo divided into three Sizes. The greateft Sort are fuch, as b
Reafon of the Bulk of their Bodies, and the Smallnefs of their
Wings, cannot fly at all; thefe are exotic Birds of a fingular
Nature, as the Offrich, the Caffaware, the Dods, &ec.

8. The middle-fized Kind are divided by their Bills into fuch
_ashave large, thick, ftrong, and long ones; fome whereof
- feed promiicuoufly on Flefp, Infeits, and Plants; as the Croaws
kind, which are wholly black; and the Pje-4ind, which are
party-coloured, Some feed on Flefb only, as the King’s Fifber s
and fome on fufesis only, as the Wood-pecker. And intofuch as
have a {maller and fhorter Bill, whefe Flefh is either auvbire, as
the Poultry-kind 3 or blackiff, asthe Pigeon and Thrufb-kind.

9. The leaft fized Kind of Land Birds, with ftraight Bills and
Claws, are called Smal/ Birds; and thefe are of two Kinds, wiz,
Sofi-beaked, which have {l-nder, ftraight, and pretty longifh Bills,
moft of them, and feed chiefly on Tufeéts ; or hard-beaked, which
have thick and hard 8ills, and feed moftly cn Seeds.

4 10. Water
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a fhort Survey thereof : For, 1. with refpe to
their Generation, they are produced from Eggs,
and are therefore called ovzparous Animals. 2.
Their Motion is two-fold, viz. flying and walk-
ing ; and are thereby rendered, 3. the Inhabi-
tants both of the Land and Air: For which Pur-
pofe, 4. they are wonderfully contrived with a

10. Water Foawl are fuch as frequent Water and avatery Places
2o feek their Feod ; and thele are all cloven-footed, and generally
nave long Legs, naked above their Knees, that they may the
more conveniently wade in Waters. Of thefe they reckon two
Sorts, wiz. a greafer, as the Crane, Fabira, &c. and a lefer,
which are either Pifcivorous, feeding on Fith, as the Heron,
Spm#.ﬁiﬂ, Stork, &c, or Mudfuckers and Infeétiverous, of which
fome have very long and crooked Bills; as the Curleww and Wim-
brell ; and others long and ftraight, as the Wusdeock and God-
ait. ;

11. Others have middle-fized Bills, as the Sea-gye and Red-
Jbank ; and a third Sort have thort Bills, as the Lapawing and
Plover. Thofe are reckoned fbort Billr, which exceed not an
Inch and a Hf{‘ ; the middle-fized Bills are betwixt that and two
Inches and a Half ; and /ong Bills are all above two Inches and
a Half. .

12. Another Kind of #Water-Foawl fwims in Water ; fome of
which, as the Morchenand Coot, are cloven-footed, and moft are
avhole-fioted. And of thefe, fome few have very long Legs, as
the Flammant, the Avofetta, and Corrira; but moftly they are
fhort-legged ; of which fomefew have but three Toes on a Foot,
as the Penguin, Raforbill, &c. but generally they have four Toes
on a Foot; and thefe either all conneéted together by interve-
ning Membranes, as in the Pelican, Solan-Goofé, or more ufually
with the back Toe loofe.

13. And this Kind are either warrow-billed, or broad-billed ;
thofe with narrow Bills have them either blunt or hooked at the
Top, of which Sort fome are ferrate, as in the Diwer Kind ;
and fome not /errate or toothed, as in the Puffin; or fharp-point-
ed or ftraighter, of which Sort fome have long Wings, as the Gull
Kind ; and fome fhorter, as the Diving Birds, called Douckers.

14. Thofe with éroad Bills may be divided into the Gag/e
Kind, which are large ; and the Duck Kind, which are fmaller;
and thefe latter ipto Sea-Ducks, and River or Pond-Ducks.

15. Moft Water-Foawls have a fhort Tail ; and none of this
Kind have their Feet difpofed like Parrots and Woodpeckers that
bawe tavo Toes foraward, and twoe” Toes backaward, none having
move than one back Toe, and fome none at all.

Pair
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Pair of Wingsto buoy themfelves up in the fluid
elaftic Sphere of Air, and whereby they keep
their Bodies on a due Balance and Equipoife in
their Motion. * 5. The Tas/s of Birds are given
them to fteer their Courfe, keep them {teadyin
Flight, and to affift them in their Defcents and
Afcents into the Air. 6. The Plumageof Birds
isa wonderful Thing, their Feathers cloath and
beautify them; a Feather is a curious Produc~
tion in every Part, the Qui//, the Rib, and the
Vanes, being thoroughly underftood: The Pith
in the R#b appears through a Microfecope on the
tranfverfe Section «, as is reprefented in A,
Fig.LIL on Plate XXV, fronting p. 307. And
a Vane of a Featber (as &) appears like another
Feather when magnified, asin B, Fig. L1II. on
the fame Plate, where you obferve the net-like
Texture of its membranous Part, and C 1s the
little End magnified. 7. The Fees of Fowlare
very particular, being {pread fome with Mem-
branes for {wimming,as Ducks, Geefe, &c. fome
without for fteady walking, perching, holding
their Prey, &¢. 8. The terrible tharp-pointed
Talons in Birds of Prey are very remarkable, as
thofe of the Eagle, Vulture, &c. g. The Heads
of Birds are admirably fuited for making Way
through the Air, being very near the Figure of
Sir Ifzac Newton’s Solid of leaft Refiftance.
10. The Beak, or Bill, is a ftrange Piece of
Art, their very Jaw-bones, as it were, growing
out of their Head, and meeting in a Point, won-
derfully adapted to pierce the Air, gather Food,
and penetrate Wood, Earth, &¢. for Prey. 11,
The Ears ftand not out from the Head to
hinder Flight. And, 12. The commodious Si-

' tuation
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tuation of the Eyes of Birds is furprizing; for
each of their Eyes takes in very near an Hemi-
Jphere,and confequently withboth Eyes theycan
fee nearly all around them atonce, and fo the
better feek their Food and efcape Dangers. 13.
The wonderful Strudture of the Body of Fowls,
in the Form of a Ship, the Bregfi-bone ferving
as a Keel, and their Tails as Rudders, to govern
them in their aerial Voyages, deferve our Atten-
tion and Admiration. -14. The mnternal Make
of their Bodies, and the feveral Parts, as the La-
rynx, the Tongue, the inner Ear, the various
Mufcles, their Lungs, the Pofture of the Hear?,
&c. are different for the moft Part from other
Animals. 15. The Migration of Birds js an
Inftance of great-Amazement: The Stork in
the Heaven knoweth ™MW ber appointed Times, |
and the Turtle, and the Crane, and the Swal- |
low, obferve the Time of their Coming, faith God
himf{elf, Fer.viii. 7. What ftrange Infliné? thould
induce them to change their Place? What
thould dire& fome to warmer Climes? others to
colder Climes ? Yea, what thould incline Swal-
lows, for Inftance, to take up their Winter
Quarters in the Water, under the Ice, in Lumps
and Cluflters in the frozen northern Seas ? as it
15 well known they do *.  16. The Tucubation

i e ol S i Bl e s ..
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* Since not only Olaus Magnus reports this in his Breviar. Hiff.
Serpent. Lib. XIX, Cap. 1 1. but alfo Etmuller aflirms he has found
Swallows in this Condition among the Reeds of a Fifb- Pond;and

- the Rev. Mr, Derbam fays, that at a Meeting of the Royal Soci-
ety Feb. 12, 1711-12, Dr. Colas declared he faw :6 Swallows fo
drawn out ofthe Lake of Samdret, and about 30 outof the King’s
great Pond in Rofincilin;and that at Schlebirten, near an Houfe of
tie Tarl of Dobra, he faw two Swallows juft come out of the
Waters, that could fearce ftand, being very wet and weak, with
their Wings hanging onthe Ground ; and that he hath obferved |
the Swallows to be often weak for fome Days after their Ap-

" pearance. Phyfico-heol, Book VI, Chap. 3. Note (4.)
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of Fowls is worth our Notice : How (fays the
great Nuturalift, the Rev. Mr. Derbam ) thould
they be aware that their Eggs contain their
Young? or, that their Production is in their
Power ? 17. Their Nidification ought to hum-
ble the Pride of Man; with what inimitable
Art, Neatnefs, and Propriety, do they contrive
and build their Neffs 2 18, The Egg itfelf isa
ftupendous Contrivance of infinite Wifdom.
‘Moft Animals are produced from Eggs witbin,
but Fowl exclude their Eggs, which therefore
are made with hard cruity Shells to preferve
the included Emébryo from Accidents, and to
contain fuitable Nourifhment for it : Chickens
are nourithed by the White alone till grown
‘great, and then feed on the fironger Diet of the
Yolk. 19. Though all Fowl are hatched from
‘Eggs; yetit is not always by the Incubation or
Brooding of the parent Fowl, but by {ome
other Heat or Warmth fometimes: Thus,
Yob xxxix. (the Offrich) Jeaveth her Eggs inthe
Earth, and warmeth themin the Duft ;5 and at
this Time they hatch Chickens in Ovens at
Grand Gairo in Egypt ; each Oven containing
80000 Eggs. 20. Some Birds feed on Grain,
and are called Granivorous ; and Birds of Prey
are called Carnivorous, becaufe they feed on
Fleth. Thefe are a few of the many wonder-
ful Properties of the Nature of Birds. ’
4. Indeed, Sir, it affords me unfpeakable
Pleafure. to hear you recount the Particulars
of the wonderful Nature of different Animals ;
and, pray, go onif you pleafe, in the next Place,
‘with the Nature of Fifbes *. B. The

# 1. driftotle divides Fifhes into three Kinds, wiz. Ceraceous,Car<
¥z tilaginous,
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B. The remarkable Particulars in the Survey
of the Nature of Fithes, which I fhall juft ob-

: ferve
tilaginous, and Spinous; and to this Divifion Mr. Wiﬁangbér
confents, as better than that of Rendeletius, who diftinguithes
Fifhes into Sea-Fifb, River-Fifb, Pond or Lake-Fijb.

2. The Cetaceous Kind, fometimes called the Bille Marine,
have Lungs, and breathe like Quadrapeds ; they copulate alfo
Iike them, conceive and bring forth their Young alive, and
fuckle them with their Milk.

3. The Cariilaginous Sorts are produced from larpe Epgs like
EBirds, which are excluded the Womb alfo, like thn%c nfzgirds.

4. The Spinous Kind ave alfo Owiparous, but their Egps are
{maller, and they have Spiua, or fnarp Bones up and down in
their Flefh to firengthen it.

5. Bat'Mr. Willoughby thinks it would be yét more proper to
diftingnith Fifh into fuch as dreathe avith Lunps, and fuch as

breathe awith Gills ; and then to {ubdivide thofe that dreathe avith 4

Cills into Viviparous, and Owipaross.

6. The Fiviparous Kind he fubdivides into the /ng, as the
Sharks and Dog-Fifb; and éroad Kind, fuch as the Paffinace,
Rajz, Squatine, &c. : :

7- The Owiparous Kind are the moft numerous ; and thefe he
fubdivides into the Flaz-fifb Kind, and fuch as fwim with their
Backs upright, or atright Angles to the Horizon. He gives
us the following’ Catalogue of our Euglifp Fifpes. '

8. Of the long Cartilaginous Kind, are the awbite and blue Shard;
the Tope ; the Prickled Dag, ox Hound Fib; the Samooth-Hound-
£k 5 the Cornwall-Bounet 3 the Morgay, or Lefler Hound F i,

9. Of the plain Cartilaginous Kind, are the Scare or Flare :
the 7 bornback; the White-Horfe ; the dngel: or Monk-Fifh ; the
Tead. Ff'_,.'ﬂa, or Sea- Dewﬂ: ’ '

ro. Of the plain fpinons Kind, are the Turbet, or Bret ;5 the
Cornavall-Lug Alefe ; the Plafe ; the Dab; the F lounder 3 Fluke,
or Buit § the Holy- Butt, or Turbet of the North; the Sole.

11, Of the Fe/ Kind we have the Lamprey ; the Lampern 5 the,
Conger-Eel ; the common Eel ; the Sand-Eel or Lancer ; the Bug-
zar-Fifh ; the Sea-Leach 5 the Eel Pout, or Turbot 5 the Sea- Wolf ;
the Sea-Lark; the Crefled-Sea-Lark ; the Liparis of Rondeletius g
the Miller’s-Thumb ; the Dutch-Poto. Floes. Z

12, Of the Kinds of Fith wanting the Belly Pair of Fins, we
have the Sun-Fifb; the deus of Ariffotle ; the Sea Adder 3 the
Jazw«Fifo; towhich may be added the Mermaid, or Syren.

13. Ofthe Nonfpinous Kind with thvee unprickly foft Finson
the Back, we have the Goa-Fifh ; the W hiting-Pollock 3 the Cole-
Fifb; the WPhiting-Blands ; the Haddickh's the Whiting. .

14 Of the Nou~fpinons Kind with only vave foft g:'m on the
Back, are the Hake ; the Ling ; the Tunny, or Spanifh-Mackrel
the Grayling, or Umber ; the Ginnard ; the Schelly; the Salmon ;

the
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ferve to you, are the following: 1. As they
were originally made out of the #arer, fo
that is the only Element in which they can
live: And therefore, becaufe, 2. Their Mo-
tion is fwimming, they need no Legs; and fo
have none. 3. Inftead thereof, they are
much better provided with Fins, and more
efpecially a proper Sort of Thails, which ferve
as Oars to waft themfelves about withal in
the Water : For, 4. The Fins on the Belly

principally ferve to keep them from turning on
their Backs, as being the heavier Part; as
they would do, were thofe BellyFins cut off,
5. The Fifhes ufe Refpiration in Water, by
paffing it through their Mouths and Gills ; for
their G/ls ferve 1n them the Office of the Lungs
in other Animals. 6. The Bodies of Fifhes
are contrived with fuch divine Geometry, as

tie Samlet, or Braulin; the Gray; the Salmon-Treut; the Scurf,
or Buli-Trout ; the Trout; the Red-Chare; the Gilr-Chare: the
Smelt ; the Rock-Fifp, or Sea-Gudgeon 5 the Lump, or Sea-Owwl;
the Dog, as itis called in the Wef of England. '

15. Ofthe Now fpinous Kind with only ose Fin on the Back,
we have the Herring 3 the Pilchard ; the Shad; the Spra,
(which is only a young Herring); the Gar-Fijp; the Stargeon ;
the Pike. or j"a:}y; the Carp ; the Bream ; the Tench ; the Oerae;
the Chub ; the Barbel; the Dace; the Roach ; Bleak ; Gudgeon ;
Loach ; and Minow. Note, the Iaft twelve of thefe are called
(Malacoflomi) Leather-mouthed Fithes, becaufe they have no Teeth
in their Jaws, but only deep down in their Mouths.

~16. Of the fpinous Kind with favo Fins on the Back, of which
the foremoft is acaleate, or prickly, we have the Baffe; the Mul.
let ; the Grey-Garnard ; the Tub-Fifh ; the Rotchet ; the Piper;
the Sur-Mullet ; the Spider ; the Scud; the Perch; the Dorge.

17. Of the aculeate Kind with only one Fin on the Back, whofe
Rad:: are fome prickly, and fome foft, we havethe Gilt-Head ; the
Old-Wife ; the Ruff; the Prickle-Back, or Banflicle ; the lefler
Prickle-Back, )

18. Of the Cetaceous Kind, there are reckoned only the Ba-
lzna Britasnica of the Ancients, at this Time notknown; the
common Whale; the Dolphin ; and the Porpufs,

e to
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to pafs through the denfe Mediumof Water with
the greateft Eafe, and the leaft poflible Re-
fiftance from it. 7. How wonderoufly are they
defended, beautified, and rendered more apt
for gliding through the Water, by thofe hard,
fmooth, polithed, numeérous Scales, with which
the Surface of their Bodies is {o curioufly over-
laid! 8. The great Author of Nature has con=
trived the Eye of Fiflies juftly fuitable to the
Nature and Refra&ion of Water, different
from that of Air, for their  Eyes-are flat out-
wardly, and not protuberant, left they fhould

wear and hinder Motion; but the Er_yﬁai!z}ze-

Humour is made fperical, and not lenticular, or
flattith, as ours, who live and fee through Air. 9.
Fifh are contrived with an Air-bladder, which
makes them buoyant ; and according as they
dilate or contraét their Bladder, by the Means
of Air, fo they are enabled to abide higher, de-
{cend lower, or remain in what Part of the Wa-
ters they pleafe. 10. Some Fifhes are wonder-
fully formed with Inftruments of Defence, Pro-
vifion, &c. What amazing circular Rows of
borrible Teeth fill the Mouth of a Shart ! other
fome are endued with Wings ; fome have two
or more Feet, as the Male Whale, &c. See the
wonderful Unicorn-Fifl in Fig. LIV. on Plate
XXVI, fronting P+ 342, whofe Horn is 1o or
12 Feet in Length. The Sword-Fifb in Fig.
LV. and the Sew-Fi/h in Fig. LVI. on the
{fame Plate, are very furprizing ; the Sword
and Sew, where they fhoot from the Head,
being fix, eight, or ten Inches wide, and about
fiveor fix Feet in Length, as I remember to have
feen them; the Teeth of the Sew at the broad

i B o Ty
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End being as long as one’s Finger. Tt. The
Size of Fifh, and other Water Animals, 18
almoft infinitely different; the greateft 1s the
Whale, (called Leviathan in Scripture) being
the biggeft of all. Pliny, lib. ix. cap. 3. mens
tions fome Whales g6o Feet in Length ; and,
lib. xxxii. cap. 1. he mentions #hales £0o Feet
long, and 360 broad, which came into a Ri-
ver of Arabia. 12. The Species or Sorzs of
Fifb are as various as their Size, and cannot
be all known. I could, had I Time, have
named to you a far greater Number of re=
markable Peculiarities in the Nature of the
finny Tribe : Bat, if you defire a farther Ac-
count, you may confult the voluminous Writ-
ings,of the Learned.

'A. Sir, this is abundantly better than none;
pray proceed to recapitulate fome of the chief
Things obfervable next, in the Naiure of In-
Jeéts, if you pleafe *. B. Nothing

® ;. Mr. Ray, in his Method of Infefte, diftinguithes Infeéts
into two general Kinds, @iz, fuch as change their Form, and fuch
as do not change their Form.

2. Infeds, awhich change not their Form, have fome fix, fome
eight, fome fourteen, others twenty-foar Feet, and fome many
more, which are therefore called Polypedes, or Multipedes.

3. Thofe that have but fix Feet, are terreftrial or aquatic s the
terreftrial are of various Sorts, as the Loufe, the Flze the Crab-
Loufz, the Wall-Lonfe, the Tick, and feveral others found in the
rotten decayed Wood of Trees, old Books, in Meal, in the Earth
s Floavers, &c. Thofe in Water, are a Sort of Loufe adhering
to Fifh ; and the Sg?::fﬂaﬂﬂwfmifi:.

4. Infeéts with eight Feet are either witha Tail, as the Seor-
pion; or without, as the Spider. Ofthis Sort fome fpin no Web,
have but tawo Eyes, and very lng Legs, as the Carter or Shep-
berd. Others fpin a Web, and have many Eyes, and are of divers
Sorts. To this Tribe of afgbrnﬁared Infcéts belong feveral Sorts
of Ticks, and the Syromes, or Mites.

5. Infeéts not changing Ferm, and with 14 Feet, are the Arfelli,
or thofe of the Wood-Lice, or Chefi-bob Kind, of which fom dive

Y 4 in
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B. Nothing pleafes me more ; therefore with
regard to Jufecis, 1 obferve, 1. That though

they

in Water, fome on Land. To this Tribe are alfo referred a Sort
of Water-Gnat, o5 Fly, and a Water-Loufe, found upon Fith.

6. Thefe which have 24 Feet, have the eight fore Feet leffer,
and the 16 hinder ones larger. Of thefe there are two Kinds
obferved, both with long Bodies, one larger and of an obicare
Colour, among the Rncﬁs by the Sea-Side ; the other of a Sil-
ver Colour found inHoufes.

7. There is a Kind with 30 Feet, of an oblong Shape, Chef-
nut Coleur, and full flattith Body, ufually llying under Logs
and Trunks of Trees: It is very agile and fwift,

8. The Multipede Infects, which change not their Form, are
found both in Land and in Water; thofe on Land are either
voundifb in the Body, with all their Legsrifing out of the Middle
ofthe Belly nearly, as the Twlus; or more flat and compreffed,
with their Legs growing along on each Side, as the colopen-
dra. X

9. And fome of thefe Multipedes are aguatic, of which Mr,

Ray makes three Sorts, wiz. the Cormifh Lugs with 38 Feet, the
Scolopendra Marina, and a two-tailed Animal lying in the Clefis
of Stones under the Salt Water.

t0. The fecond Kind of infeéts are thofe avbich change their
Form, or undergo a real Metamorphofis. And this is of three
Sorts or Species, wiz. The firf is when the Tranfmntation or
Change is fingle and inflantanecus ; there being no fenfible Srop
or Reff between the Old and the Neww Form. The Secend Species
is when there is a double Metamarphofis 3 as firlt into a Chryfaiis,
and then into a flying Infe2. “The third Species s a fimple
Change from a Worm to a flying Infe&, but yet with a {enfible
Reft or Stop between one Form and the other.

11. Ofthe firf? Species are the Libelle or Perte produced from

an Infeét with fix Feet ; the Cimices Sﬁmyﬁ*‘m,having the Figure
of St. Audreaw’s Crofs on their Backs ; the Locufts 3 the Gryllo-
Talpa, or Mole-Cricket 5 Crickets of all Kinds ; the Grafbopper 3
the Blatta ; the Epbemera,; which lives but a Day ; the Warter-
Scorpion 5 Water-Flies of feveral Sorts 5 &5,

12. Infels changing Form of the Jfecond Species, orwhich under-
g0 a double Traw/mutation, are very numerous; they lie a while
before their Change quite flill, without Food, orchanging Place,

13+ In refpedt of their Wings, they are either Vagimgennia, or

fochas have Cafes within which they withdraw and cover their

Wings, as all the Scarubei, or Beetle Kind 5 Anelytra, whofe
Wings are open and expanded. ;

14 The Scarabs, or Bectlei,are divided in refpe& of their Horns
into the Naficornis, the Bacerota, and Cerous Volans, or Stag-Fly.
In

el
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they are a fmall, and deemed a defpicable Spe-
cies of Creatures, yet when well confidered,
and carefully furveyed with a Microfcope, they
will appear the Pride of Nature, wherein fhe
has beftowed more nice and delicate Art, and
difplayed more profulely the rich Embroidery,
and elegant Beauties and Garniture of Colours,
than in any of the larger Species of Animals ;
though unheeded and unfeen by us. 2. Infeéls
are fo called from the Shape of their Bodies,
which feem as it were [nfeéla, 1. e.) cut into
two Parts or Halves, and joined to one ano-
ther by a fmall String or Neck, as in Ants,
Flies, &c. 3. They are all Oviparous, that is,
they lay Eggs, from whence they are all pro-
duced. 4. The different Kinds of Infecls re-
pofit their Eggs in different Places; fome in
Beer, Vinegar, &c. fome in Plums, Peafe,
Nuts, &c. as the Ichneumon Flies: In Pears,
Apples, &c. as the Phalenane Kind: Inthe Bark

In refpedt of their dntenne they are of many Kinds, of which
the moft eminent are the Cagricorni. Some from their Motion
are called Saltarrices, or Leapers ; and others from their Colours
are called Cantharides.

15. To the Beetle Kind may be referred the Gloww-Worm ;
the Staphylinus , and the O7l-Beetle, fo called from its emitting
a Sort of Oil from its Joints on being fqueezed or prefled.

16. The Anelytra, or Infe&s wholfe Wings are open, and with=
out Cafes, have their Wings either farinaceous or mealy, as the
Butterfly Kind ; or membranous and tranfparent, as the Fly Kind,

17. The Auelytra with farinaceous or mealy Wings are of
two Sorts, wiz. Papiliones, or Butterfiiesywhich fly by Day; and
the Phalenz, or Millers, or Maths, which fly by Night. The
various Sorts of each are fo numerous, as fcarce to be recounted
or methodized.

18, Anelytra with membrancus Wings are a large Species, and
comprehends numerous Tribes of the molt perfei? Infedts, as the
Hornet, the Humble- Pee, the Bee, the Wajp, and all'the F/y and
Gnat Kind ; hitherto is alfo referred the Formica, or Ant. Mot
of this Head come from a Fermicle or Maggot by a Metamor-
phofis of the third Kind. .

W ood,
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Wood, Buds, Leaves, &c. of Trees. The white
Butterfly lays its voracious Offspring on Cab-
bage-leaves: Some, which require Warmth, lay
their Eggs about the Bodies of Animals, as in
the Featbers of Birds, the Hair of Beaffs, and
even in the very Scales of Fifh: Some go far-
ther, and penetrate the Body itfelf, and its Ca-
vities, and there lay their Eggs, as in.the Nof,
Guts, the Kidneys, the Bladder, the Brain, in
the Gall-Bladder itlelf, and in the Flefh in gene-
ral. 5. Hence the furprizing Prodution of
Maggots and Vermin in all thofe Places, and
Parts of Animals now mentioned. 6. The Me-
tamorphofis of Infedts is a Thing extremely afto-
nithing ; I fhall give from Mr. Geodart an In-
ftance thereof: See Fig. LVIL. on Plate XX VI,
fronting p. 342. The Eruca or Caterpillar A
hath its Origin (faith be) from the Egg or Seed
of a Butterfly C, called the Peacock’s Eye; I
took it the 4th Day of May 1635, and nou-
rithed it with the Leaves of Nettles till the 11th
of fune the fame Year; at which Time it be-
gan to prepare for its Transformation to the
State in which it is called Chry/falisor Aurelia, as
B; in this aurelian State it continned changing
{with its Head downwards) 19 Days, at the End
of which, there proceeded from this Aurélia a
Butterfly C, with four Wings; and from its
elegant Colours, called the Peacock’s Eye, as
aforefaid. 7. Jufeéisintheir firft State, as Maggots
and Caterpillars, feed on hard and coarfe Diet,
as Leaves, &G¢. contrary to other Animals ; in
their aurelian State, they fubfift without any
Food ; in their mature State, as Flies, they live
on a more delicate and tender Diet, as Honey

from
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from Plants, Blood from Animals, &¢. It 1s dif-
covered by the Microfcope, that the elegant Co-
lours of Butterflies, &c. are owing to neat and
well-made [‘eathers, fet with great Curiofity
and Exaétnefs in Rows and good Order. 9. The -
Eyes of Infeéis are hard, fixed, or immoveable ;
and fome have more than two, as Spiders have
four, fix, or eight Eyes: Fiies, Wafps,5c.have the
Cornea; or outward Coat of their Eye, made of
curious Lattice-work, as is reprefented magni-
fied in Fig. LVIII. on Plate XXVI, fronting
p- 342. The Eyesof thefe /nfects have this Con=
trivance to fupply the Place of the ¢ryffalline and
wvitreous Humours, which they (it is thought)
have not. 10. The Antennce, or Feelers, which
grow from the Head of Infects, ferve them to
feel out Obftruétions and Annoyances in their
Walk or Flight; are a good Guard to the Eyes
and Head; and in many, avery beautiful Piece
of Garniture to the Body. 11. As to the Motion
of Infééls, fome creep, fume leap, fome walk,
fome {wim, and moft of them fly; fome fly
with Wings, others by Help of their Webs, as
Spiders; and others by Means as yet unknown.
12, The Wingsof many In/é&ls, area moftcurious
Piece of Workmanthip, diftended and (trength-
ened with the fineft Bones, and thefe covered
with the fineft, tranfparent, and lighteft Mem-
branes ; {fome adorned with neat and beautiful
Feathers, and many provided with the fineft
Articulations and Feldings, for the Wings to be
withdrawn, and neatly laid up in their Vagine
or Cafes ; and again readily extended for Ufe.

13. Thofe Infects which have four Wings, have
h*“:r BGdIEE thareby kePt fteady and up;lghii: in

120t ;
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Flight; and thofe which have but two Wings,
have Poifesor Pointils, like little Balls, fetunder
their Wingson each Side their Bodies for that
Purpofe. 14. The Minutenefs, Art, and Curi-
ofity of the Joints, Mufcles, Tendons, Nerves,
&ec. neceflfary to perform the Motion of the
Wings, Legs, and other Parts, is a {urprizing
Thing to all who confider it. 15. The Nidifi-
cation of Infefls far excels the moft exquifite
human Art, witnefs the nice geometrical Combs
of fome, or earthen Cells of others, or the
Webs, Nets, and Cafes woven by the admira-
ble Textrine Art of fome others. 16. Again,
what ftrange Inflinét leads others of thofe fmall
Creatures to make even Nature itfelf fubfervient
to their Defigns, by making the Pegetation of
Trees and Plants the Means of building their
little Nefts or Cells; fuch as thofe Cafes, Galls
and Balls, found on the Leaves and Branches of
Vegetables of many different Sorts; fome being
hard Shells, fome tender Ba/ls, fome {caly, fome
fmooth, fome hairy, fome long, round, conical,
&e.  17. They have Parts analogous to the
Brain, Stomach, Entrails, Arteries, Veins,
Nerves, Lympbaduéts, &ec. yet being fo wonder-
fully fine and tender, are, as it were, included
within the hard Cafe of their outward Body ;
wherewithal they are cloathed and defended, as
with a Coat of Mail. 18. Again, how curioufly
are thofe outward Teguments, or hard Cafes of
Infeits Bodies, contrived ? How are they fet
with Brifiles, tharp Spines, &c. for Defence ?
Flow are they adorned with neat Imbrications,
and many other Beauties and Fineries ? 19. As
the Magnitude of fome Species of Animals is

4. very
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very wonderful, on the contrary, the Minute-
nefs of fome Infelfs is far more amazing ; M.
Lewenboeck has obferved more of thefe Au:-
malcules in the Melt of a Cod-Fi/h, at one Time,
than there are People living on the Face of all
the Earth at once. It is alfo found, that in a
Drop of Pepper-water are contained above
8280000 of thofe finall Creatures; and {fome
are yet dilcovered {mallet than thefe, fo that
Millions of Millions might be contained in one
Drop of Water. 20, Itis the infinite Number
of thefe invifible Animalsthat makes ftagnating
Waters appear of fo many different Hues, as
green, brown, reddifb, &c. But I cannot far-
ther enlarge, for want of Time.

A.Well, thefeThings loudly declare the won«
drous Skill and Wildom of their Maker; and
great Pity it is they are not more attended to:
But, pray, continue this pleafing Survey next in
the Nature of thofe Creatures you call Repriles*,

B. In

*® 1. Reptiles are eitherserreffrial or aguatic. Tervefirial Reptiles,
or fuch as are found on Land, or in the Earth; among thefe
the Serpent Kind are the principai; of which fome are weromous
in their Bite, as the Rartle-Snake, the Viper or Adaer ; and, fome
think, theSle #orm; but that, as well as its Blindnz/fs,is thought
by others to be an Error. Some are not wewomous, 25 the common
Snake, and many other Sorts of Snakes in foreign Countries,

2. The next confiderable Species of Reptiles, are Smails of all
Sorts : Of thefe fome bear Shells of various Forms, Sizes, and
beautiful Colours. Others have mo Sfells, 2s the large black
Snail, and others ofa greenith and yellow Colour: with all that
Sort we call §/ugs, found under Boards on moidt Ground, and
on the Leaves ﬁ%[‘-‘!ants, £, : :

3. Tothe Head of Reptiles allo many refer the. Multipede Kind ;
for as they cannot, without great Impropriety, be called Infoddss
and as their Motion, though performed with Leps, is yet
a Sort of Crecping or Crawling, fo they may be very fitly called
Reptiles ; but as1 have, according to Mr, Rap's Method, men-
tioned them in thelalt Note as a Species of Iy, 1 thall fay
nothing mere of them herc. o i

4. The
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B. Inthe Reptile Species {everal Things are

common to other Animals, and have been al-
ready obferved; and fome Things are fomewhat

arti=

4. The Lumbrici, or Earth-Woerms, are a moftcon fpicucﬁls Part
of the Reprile Kind : Of thefe fome are of a Jarger Sort, called
Deav Worms ; fome of a leffer Sore, of thefe there are red and
green, with yelloaw Tails ; which latter are called Gilp-Taile.

« Worms found in the Bodies of Animals make another large
Species ; as the Tereter, the Lati, the Afcarides in the Bowels of
Men ; the Permicali Setiformes, and the Botzs in the Inteflines
of Horfes and other Beafts. L4

6. Aguatic or Water-Reptiles are of various Species ; of which,

. In regard of their Motion, E:/s make the firlt Diftinétion : Bat,
from their more general Nature, they have always been con-
fidered among the Fifs Kind, where of Courfe I was obliged" to
take Notice of them in this Survey. See Note, Page 340. 4rt, 11,

7. The Leaches make the next Clafs of Water-Reptiles : Of
thefe there are three Sorts, wiz. the Medicinal Leach, or Sangui=
Juge ; the common black Horfe-Leach, and the Ath.coloured Sea-
Leackes. There isalfo a Sort of this Kind that is fmailer and flaz-
ter, which is found flicking to Stones at the Bottom of Brooks.

8. Befides this, there is another leffer Sort of #7arer-Reptiles; of
which fome are round, long, and &lack, and others red; the
Black hath two fmall Horns on its Head ; the Red is about a Fin-
ger’s Length, with a Forceps at the Tail. T'o thefe may be added,
thofevery {malland {lender Angwicule which liein Cluftersin ftag-
nant Waters, and from a Veflel of a red Fluid whick appears thro’
the Body of each, they make the Water look red in divers Places.

9. There is another Sort of this Kind which is fas, and very
fmall and thin, and are called Flufes 5 they are fometimes found
in Waters, and fometimes in the Branches of the porus Bilarius
in Sheep. Befides thefe, there are many other Species without
Name or Diftintion.

10. I think thofe W ater- Animals which are covered with a
Theca, or Sort of Cale, are to be referred to the Clafs of Reptiles.
This Theca is either fmmoveable, being fixed to the Stones, and
is of a Figure round, or elfe more comprefled and flat ; or mowe-
able and portable ; which Theca is commonly called Phryganca;
and s either fraight or crooked. '

11. The ftraight Theca iscompofed either of Strazws and little
Feffuce, lying parallel one to another, of which there are two
Sorts, a greater, where the Feffuce are two Inches long ; and a
leffler, which is very common, and are called $tracy-Werms. Or
elfe the Fefluce lic tran{verfely, and are fhorter, having fome-
times Pieces of Sfells or Stores mixed with them. -

12. Others, whole Theca or Cafes are ftraight alfo, have no
Feffuce, but always either Sand or Grawel; and of thefe, fome

have the Theca round, and are callgd Cod-Baits; others are flat
and compreffed, 13. Others
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particular and peculiar to them, which I fhall
remark in the following Order: 1. Their fnu-
ous, vermicular, or creeping Motion is very curi-
ous, and contrived with the niceft Art, and geo-
metrical Neatnefs. 2. The whole Body of a
Worm is, as it were, but a Chain of aunular or
Spiral Mufiles, whofe orbicular Fibres by con-
tracting render each Ring (at firft wide and ex-
tended) more ftraight and long; and thus the
foremoft attracting the next behind, the AQion
is continued through the Length of their Body,
and produceth their vermicular or {piral Motion.
3. The Serpent Kind move by means of annular
Scales lyipg ftraight acrofs their Bellies, contrary
to what they do on the Back, and other Parts
of their Bodies. Now the Edges of the fore-
moft Scales lying over the Edges of the hinder
from Head to Tail, runout alittlebeyond them,
fo that when each Scale is drawn back, or feta
little upright by its Mufcle, the outer Edge
thereof (or Foot) is raifed alfo a little from the
Body, to take hold on the Earth, and {o produ-
cing, by the fucceflive Aétion of all, the finous
Motion of the Serpent. 4. The Motion of Snails
is performed by theundulatory Aélion of a long
broad Skin along each Side of their Belly ; and
they are enabled, partly by a {limy glutinous
Matter emitted from their Body, and partly by
the Preflure of the Atmofphere, to adhere firmly

13. Others have the Theca crooked or korned, which runs ta-
ering ; of thefe there are reckoned four Kinds, a greater and a
E:ﬂ‘-:: black Sort; and a greater and lefler 4 c2loured one. 'The
T%eca or Cafes of all thefe Sorts of Cados /Forms are admirably
contrived, beine cemented or gloed together in fach a Manner,
as not to be eafily feparated one Part from another; and by that
Means thefe Creatures fecare themfelves from the Voracity of
{uch Filh as would otherwife make them their Crey,

to
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to all Kinds of Superficics, and in all Pofturess
5. Caterpillars, while in their vermicular States
are curioufly provided with little Feet, the fore-
moft fhort and hooked, to draw Leaves, &c.to
them ; the hindermoft are broad Palms, befet
around with {mall tharp Nails, by which they
ftick to, and grafp whatever they are upon:
Whereas, intheir Nympbea or Aurelia State, they
have neither Feet nor Motion, but a little in
their hinder Parts,”and in their mature or in-
feit State,they have motive Parts proper to that
Soecies of Animals. 6. It is a wonderful pretty
Mecharnifin obfervable in the going of Mille-
pedes, (or Multipedes ) that on each Side of their
Bodies every Leg hath its Motion, one very re-
gularly following the other from End to End
of the Body ; fo that their Legs in going make
a Kind of Undulation, and give the Body a
fwifter Progrefiion than one would imagine it
{hould haye, where fo many fhort Feet are to
take fo many fhort Steps. 7. The Spme or.
Back-bone of Serpents is really wonderful
How thick are they fet with Joints, or Perte-
bre ! How numerous and ftrong are their co-
operating fmall Mufc/es I By what curious Ar-
ticulation of the Vertebre can they turn and
wind their Bodies any Way! 8. Some of the
Reptile Kind are provided with a poifonous Mai-
tery ferving to the more eafy Conqueft and
fure Capture of their Prey; and probably may
ferve to the Digeftion of their Feod. ¢. The
Poifor of the Viper licthin a-Bag in the Gums
at the End of a certain tharp Tooth, conveyed
thither by a Du& from a conglomerate Gland

lying
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lying in the Side of the Fore-part of the Head,
by which it is feparated from the Blood. This
Tooth is fubulated or hollow, through which,
when the Serpent biteth therewith, the Poifon
is conveyed to the Wound, 10. The Size, or ra-
ther Length, to which fome of thefe Serpents
grow, is very furprizing. I have feen the perfect
Skin of a Rattle-finake 22 Feet long ; and there
are others from 30 to 40 Feetin Length. 11,
Thofe Creatures of the Serpentine Kind are the
moft wzvacious, or tenacious of Life, of all other
Animals. Thus we {ee Eels, Adders, &o. live,
have Motion, yea, are very ftrong, for a great
while after they are beheaded, fleaed, and dif-
boweled : The Reafon of which is owing to the
greater Firmity, Solidity, and Compaétnefs of
their Flefh above that of other Creatures; fo
that the Action of the vital Springs, or Caufes
of Motion, continue longer in them than in
other Creatures. 12. Mr. Red; relates, that Ser-
pents and Vipers will live not only fome Days or
Weeks, but many Months, without Food, fhut
up in a Box, yea, that they will be able to 4sze,
and emit a deadly Poifon, after eight, nine, or
more months. But if the Veflel be open, and they
perfpire much, they die, without Food, in a thort
Time. 13. Some of thofe Reptiles, as Earth-
Worms, Snails, &c. are Hermaphrodires; that is,
have the genital Parts of both Sexes, the fame
Worm being Male and Female, fo that they
mutually copulate with each other; and the
Parts of Generation are placed in the Necks of
Snails, juft under their Heads. And would you
fee more of the wonderful Nature, Kinds, and

2 Pecu-
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Peculiarities of the Reprile Species, you may be
fatisfied, by reading the Natural Hiftory of the
{everal Parts of Afia, Africa, and America.

- A. Sir, I thank you; I do not know but
that I may, when I have Opportunity and Let-
fure: But, pray, what have you to obferve in
the Nature of thofe you call Sbell-Animals * 2

B. My

* ; The Kinds and feveral Species of Conchilious ov Sbell-Ani-
mals are not well known, nor fufficiently digefted by Naturalidts ;
nor is it-poffible they thould, fince their Numéer and Variety are
fo exceeding great, and the Bottom of the Sea their principal
Place of Habitation.

2. However, fome of the more common and diftinguithed of
this T'ribe I fhall enumerate and methodize in the following Or-
der. Of Shell-Fifp, fome are anivalve, or have only one Shell 5
others are biwalve, or have tawo Shells.

3. Of fincle Shell-Fifh there is great Variety, both with re-
fpect to Fifh itfelf, and the Make and Form of the §hells. Some
Fifh having divers and diftin& Parts, as Head, Legs, Clanvs,
Anteunee, &c. without the Shell, as in the Lob/fer and Crak Kind.
Others zre contained entirely within the Shell, excepr when they
exert themfelves for Motion ; at leaft, they have no Parts grow-
ing without the Shell, as in the Swail, Periavinkle, &c. Kind.

4. The Lobfler is the Principal of Shell-Fifb. His Habiration
is in Holes among the Rocks. They have four Legs on a Side,
by Means of which, with their two great Claws and broad Tail,
they move with great Nimblenefs. It s faid, that if one of the
large Claws be broken off, it will grow again, or be renewed,
though no other Animal hath the Power of renewing a loft

‘Limb. Some fay, the Lobfier is androgynous, i. €. hath both
Sexes in itfelf; butothersdoubtit. It isreported there are near
thirty feveral Sorts of Ledffers, all clothed with Shells; of the
Lobfter Kind are the Craw-Fifb, the Prasvn. the Shrimp, &c.

g« 'LChe Crab is the next Shell-Fith of Note; its Legs and
Claws are like thofe of the Lobfter for Number, Parts and
Texture, nearly s battheir Motion is latitudinal, or ide-ways ;
their Fyes are more prominent. than thofe of Lobfters, and
therefore want not their Autenne, or long Feelers, They live
among the Stones and Rocks iike Lobiters, and are never found
uncovered by the Waters, except when very }mnnE and fmall,
on the Shores at low Water. Tleir Spaws, like that of Lob-
flers, confiits of {fmall Eggs, and the Time of Spawning in
both is the fame. The CrabKind hath alfo its Species, as the
Spider-Crab, the Seldser Grab, &c. 6. The
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B. My Survey of them will be very brief; and
I fhall obferve to you, 1. That thofe Creatures
have

6. The Star-Fifb is another Species of the Univalves : They
have five pointed Rays, which proceed from the Body in the
Centre, and b bending thefe backward and forward, move in
all Dire&tions indifferently. The Mouths of all this Kind are
in the Centre of their Bodies, and armed with Teeth: they
have feveral little flelhy Trunks, which they dart into the Mud,
through which they fuck their Food. Their Organs of Digeffion,
Generation, or for voiding of Excrement, are not vet difcovered.

7. The moft wonderful Fifh of this Kind is the Stelia-Ar-
borefeens, fo called, becaufe from its fmall Bedy, as a Centre,!
proceed a prodigious Number of Branches all around, whofe
numerous and minute Ramifications make a furprizing Kind of *
Net-Work, which the little Animal, floating about in the Water,
cafts over its Prey, which it then catches as Fith are caught in
a Cafting-Net. There is a Fifh of this Sort to be feen in the Mu-
Sfeum of 513 Royal Society in Crane Court, Fleet-Street, whofe Ra-
mifications arereckoned more than twenty Thoufand in Numkber.

8. Befides thefe are divers others, whofe Natures are very
wonderful; as the Limpets; the Fenus-Ear; Sea-Urchins, or Button-
Fithes; Centre-fbelis, which are Cells for fmall Fithes of the
Oyfter-Kind ; the Sea-Hor/e 5 the Pige Worm ; with many others.

9. There are feveral Uniwalve-Shells, which are awreatbed, or
of a piral Form. As the Nawtilus, or Sailor ; the Turbinate, or
Whirls of feveral Sorts, great and fmall; the Sea-Spider, and
Fingered-Whirl; the Mitre; the Harp; the Top-Whirl; the
Blackmore-Teeth 5 the Unicorn Shell 3 the Purple-Skell; the Spi-
der-Skell ; the Buccina, or Trumpet ; the great muricated Whir/;
the Golden Trochus; with feveral others. Thefe Shells are
fome fo large, as to weich near ten Pounds ; and the avonderful
Colouring of others {urpafies that of Birds, both for the Varisty,
Order, and Intenfity thereof. From that called the Purpura, the
Ancients extralted their Purple Colour, with which they dyed
their Stuffs ; though Cochincal and Kermes Cods dye a Scarfet ine
comparably better, and more lafting.

10. The fecond Kind of Shell-Fithes are divalvons, or whofe
Shells confift of two Pieces, or open with two {imilar Parts,
Among thefe the Oyfer obtains the firit Place; the Mutle
next; then the Scallsp ; and, laftly, the Cockles of every Kind.

11. Thefe are called immoweable Shell Fifh. aznot heine <hia
to remove themfelves from their firt Situation; they are alio
faid to be Hermaphrodite, as not having the Fower o feck at any
Diftance one of a contrary Sex for Copulation, which there o2
1s a neeeflary Provifion of Nature. ' '

Z 2 : 12. The
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haveaSort of middle Nature between Plants and
Animals,and therefore the moft imperfect of all
theanimal Creation. 2.They are therefore called
Zooplbyta, from Liov an Animal, and quiov a
Plant ; as much as to fay, animal Plants, or ve-
getable Animals, becaufe they gather Food, and
feed with aMouth like other Animals; but grow
oradhereimmoveably toaShellbytheMembrane,
as Plants grow or adhere to the Earth by their
Roots: Such as Snails,Qyfters, Cockles, and allthe
conchilions Kind. 5. The Shells of thefe moft con-

12. The Oyffer abides at fuch a Depth of Waters, as not tobe
left uncovered by them : Butthe Mu/ele has generally its Sitna-
tion in fuch Places on the Shore or Rocks, as, by the Fall of the
'T'ides, they become expofed to the open Air. The Cockleis al-
ways bedded in the San{f, upon thofe Shores which are uncovered
at low Tides.

13. The Food of Oyfters and Mufcles are fome Kinds of Sea-
Weeds, and the fineft Parts of Mud and Sand, and the Wath of
the Sea. The Cockle feems likewife to draw its Nourifhment
from Earth, which pafies through its Body like Earth-Worms.

14, Mr. Lowenboek fays, that Mulcles lay their Eggs in
Strings on the Outfide of their Shells, and that thefe Eggs or
Sparvn continually increafe in Strength, till they become perfeft
Mufcles ; at which Time, Part of the Ege-fbell 1s difcoverable up-
on the outward Covering of the Fifh, ull that Coat is hardened
orchanged into a firm Shell. Philsf. Tran/. N° 336.

15. Mr. Strackan tells us, be faw on the Coaflt of Ceilar an
Oyfter of a Foot Diameter ; and that the Shell of one of thefe
did grow till it was three Feet in Diameter broad, and a Foot
thick, after the Flefh was putrified. Phils/. Tran/. N 282,

16. There are very commonly found Pearls of different Sizes
in the Bottom of the Shells of Oyfers, Scallops, and efpecially
in that called the Naker, or Mother of Pearl, where they are gene-
rally found in Abundance. The Pearls which are fometimes
found in the Bodies of thofe Fithes, feem rather to be Grawvel
Stenes than troe Pearlr, a-d therefore not fo valuable.

17. Befides thefe Shell-Fith now mentioned, there are many
othersto be met with in the Works of Naturaliffs, but infinitely
mere in the Works of Natare herfelf; which muft be lefc to the
Search and Induftry of future Time, which poflibly may arrive
by Degrees to a more accurate Knowledge, and give a more
perfeét Hiftory of them, than is now to be had.

temptible
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temptible Creatures are yet made with wondrous
Art, Beauty, and Finery; in {omeparticular Spe-
cies of Suails, Cockles, &c. what artful curious
Spirals, Circles, and other Divarications, and
diametrical Divifions, do we obferve therein ¢
How are they covered to pleafe the Fancy, and
ferve the Luxary, even of the human Species ?
4. Thefe Shells, or crufly Houfes, ferve the poor
foft and bonelefs Inhabitants for Defence and Se-
curity againft outward Accidents, from which
they can fafely retreat thercin 5. A wonderful
Thing in Snails is, that they have their Eyes
- placed (not in their Heads as other Animals, but)
on or at the Top of their Horns; which there-
fore they can move farther or nearer from their
Head, and circumvolve them here and there, or
one this Way, the other that, at Pleafure. 6.
The Bodies of Shell- Animals are contrived with-
out Bones, or any Thing that I know of like
them ; they confift of a tough membranous
Subftance, analogous to Fleth and Mufcles ;
and their internal Organs of Life are feveral, and
diftinétly appear on being diffc@ed; but what
the particular Shape and Funétion of many of
them may be, is not fo eafy to afcertain ; the
Bowels and Inteflines of thefe Creatures bearing
but fmall Analogy to thofe of more perfeét
Animals, T fhall end my Refle@®ions on them,
by giving you a Cut, fhewing the mutual Co-
pulation of Snails, by their Genitals G, in Fig.
LIX. on Plate XXVI, fronting p. 342.

A. Itis very wonderful indeed; as are moft
of the other Particulars which you have related
of the divers Species of Animals: But, pray, (be-

Z 3 fore
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fore we leave this Survey of theanimal Creation)
let me afk your Opinion of Griffins, the Phe-
nix, Dragons, Salyrs, Syrens, Unicorns, Mer-
maids, Fairies, &c. Do you think there really
are any {uch Things in Nature *?

: B ‘The

® 1. It makes but little for the Creditof the Hiftories of Dra-
gons, Unicorns, Mermaids, &c. that their Names are not to be
tound in the Tranfaltions of our celebraied Royal Society, who,
it is well known derive their Intelligence at the beft Hand from
almoft all Parts of the World: At leaft, I can find no Mention
of any fuch Creatures in the feven Volumes of Abridgments by
Loapthorpe, Eames, and Fones.

2. ‘The Hiftoire Naturelle de P Univer/e gives an Account of fe-
veral Perfons who have defcribed the Unicorn ; and particularly
Father Lobos, in his Voyage to the Afyfine Empire, fays, that this
Animal is of the Shape and Size of a fine-made and well-pro-
portioned Horle, of a bay Colour, with a black Tail and Extre-
mities ; he adds, that the Unicorns of Twacwua have very fhort
"Tails; and thofe of Niniwa (a Canton in the fame Province)
have theirs very long, and their Manes hanging over their
Heads, Fol.IV. Page 3,

3. Du Mons fays, ﬁc faw the Head of a Dragon which was fet
up over the Water Gate in the City of Rbodes; this Dragon was
23 Feetlong, and walted all the Country round, till it was flain
by Desdate de Gozon, a Knight-of S¢. Ffebn. He fays, the Head
was like thatofan Hog, but much larger; its Ears were like a
Mule’s, but cut off; the Teerh were extraordinary fharp and
long ; the Throat wide; its Lyes hollow, and burning like two
Coals. It had two little Wings on its Back ; its Legs and Tail/
like thofe of a Lizard, but firong, and armed with fharp and ve-
nomouns Talons, His Body was covered with Scales, which was
Proof againft Arms. See the Manner of his being killed in the
Ailas Geographicus, Vol. 111 Page 43, 44. :

4. Ludolpbus, in his Ethiopic Hiftory, tells us, thatin the Aby/-
Jfine Empire, there are voracious {caly Dra{gnns of the largeft Size,
though not venomous or hurtful otherwife than by the Bite, and
they look like the Bark of anold Tree. Atlas Geographicus,
Vol IV, Pagebig.

5. The Stories of Marmafj.r, Satyrs, &c. had undoubtedly their
Original from fuch Animals as have in fome Refpeftsa Likenefs
to the human Shape and Features. Among thefe the Monkey Kind
the Orang Outang, and the Quoja Morron, are the chief on Land;
and the Fifh called the Vermaid, (though it has nothing of the
buwean Form) and fome other unufual Animals in the Seaé 3

.. The
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B. The Phanix is mentioned by Pliny, and
other Ancients, more credulous than fkilful ; but
has long fince been rejected as a vulgar Error.
The Griffin and Harpy have had a Flace given
them in Modern Hiftories of Nature, but not
without great Reproach and Ridicule to the Au-
thois. Satyrs, Syrens, and Fairies, are all Po-
etical Fictions. The Scrzpture makes Mention
of the Dragon and the Unicorn, and moft Na-
turalifls have affirmed that there have been fuch
Creatures, and given Defcriptions of them; but
the Sight of thefe Creatures, or credible Rela-
tions of them, having been fo very rare, has oc-
cafioned many to believe there never were any
fuch Animals in Nature; at leaft it has made
the Hiftory of them very doubtful. As to

6. The Story of the Quoja Morren being very uncommon and
curious, I fhall here infert it from Dapper, who fays they are
found in Queja in Guinea, and Augolain Etbicpia. The Negroes
call them Saryrs, and believe they fprang from the buman Race.
They have large Heads, thick heavy Bodies, nervous Arms, no
Tails, walk fometimes ereft, fometimes on all-four; they
feed on Fruit and wild Honey ; fight continually with one
another ; they dare attack armed Men, and will fometimes force
Women. The Portugue/e call them Savages.

7. Dapger tells us, that thirty Years before he wrote, a Female
of this Kind was brought to Holland, and prefented to Prince Fre-
derick-Henry. It was as bigasaChild of three Yearsold, but twice
as thick, well fet, ftrong and nimble; it lifted Things of grear -
Weight, and carried them from Place to Place. HerBrealls and
Belly were naked, but her Back covered with Hair, Her Face
was fomewhat human, but her Nofe flat and torned vp. Her Ears,
Breaft, Nipples, Elbow, Legs, Feet, Belly, and Pudenda, were
altogether like a Woman’s, She often ftood and walked upright
on her two hind Feet. She would take the Cup in one Hand,
fupport it with theother, and drink very neatly. She alfo lay
down to fleep with her Head on a Bslffer, and fpread the Cover-
let over her, as if fhe had been a human €reaturg, Itis fup-
Eﬁ:ﬁthis Species of Creatures firlt gave Rife to the poetical

ind of Satyrs, See Atlas Gesgr. Vol. 1V. Page 376, and 561.

Z 4 Mer-
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Mermen and Mermaids, there certainly are fuch
Creatures in the Scas as have fome diftant Re-
femblance of fome Parts, of the Auman Shape,
Mien, and Members; but not fo perfeély like
them, it is very probable, as has been repre=-
fented. In all fuch ambiguous Pieces of Hifto-
ry it is better not to be pofitive, and fometimes
to fufpend our Belief, rather than creduloufly
embrace every current Report, or vulgar Af-
fertion, which may perhaps expofe us to Ridi-
cule, but cannot procure us any folid Reputa-
tion for Wifdom and Learning.

4. Well, leaving thefe uncertain Subje@s,
let us conclude this fhort View of the Creation
with what you called the Accidents of animal
Life; pray what do you reckon fuch ?

B. They are fuch as follow, o7,

Health: This arifeth from an apt Conftruc-
tion and due Temperament of the Parts, where-
by they are capable of performing all the natu-
ral Actions and Fun&ions of Life.

Difeafe : This is that State of an animal
Body, which deprives it of the Faculty of ex-
erting every Action proper for it,

Vigilance, or the State of being awake : This
arifcth from the Prefence and Acion of a due
Quantity of animal Spirits through all the Parts
of the Body ; by Means of which the Organs
of the external and internal Senfes, and all the
Inftruments of Motion depending on the Will,
are properly affected by external Objects, and
cafily perform all their Acions and Motions.

Sleep : The State contrary to Vigilance ; but
what is the Caufe, or whereinit doth confift, the

greatefk
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. greateft Phyfiolsgs/is differ in their Determina-
tions, and are puzzlﬁd to account for it.

Dream: This is an Action of the reflective
Faculty of the Mind, which is always active
even in Sleep, anddoth therein recolleét and re-
view the Ideas which were prefent to it when
the Body was waking: But the Body afleep
not admitting the Exercife of the rational Fa-
culty of the Mind, it rangeth thofe Ideas for
the moft Part in a confufed, unnatural, and
imperfe Manner ; and this Vifion of Things
we call a Dream.

Hunger : This is that Quality which arifeth
from a Veliication of the inner Coats of the Sto-
mach, by the A&ion of the digefting Juice ;
which, having no Food whereon to fpend its
Force, gnaws on the Stomach itfelf, and there-
by excites in our Minds the Defire, or Appetite
of Food.

Thirft: This is fomewhat analogous to Hun-
ger; for a due Quantity of Moifture being
wanting in the Stomach, and Parts of the
Throat and Mouth, produceth that moleffing
Senfation, which creates in us a Neceffity of
drinking, to remove it.

Death: This brings an Animal to its laft
State ; and is nothing but a final Obfiruttion or
natural Ceffationof all the animal and vital Fa-
culties and Functionsof the Body, which then
remains in a State of perfe¢t Quiefcence, and is
entirely paflive to all other Changes and Condi-
tions it meets withal in this World. And, as
Death puts an End to all Things, fo I judge it
moft natural to end this long Refletion on the

2 wonderful
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wonderful Works of God, the great Author of
Nature, with the awful Subjeéi of Death, which
allo, ere long, will intercept all fuch delightful
and agreeable Converfes as hath hitherto pafled
between you and me.

A. Ah! Were it not for the Profpe& of a
better, and a more perfect State of Life and
Being hereafter, how dreadful would be the
Thought of parting with our dear, our friendly
and agreeable Company and Acquaintance, even
in this Life of Troubles? I am heartily forry
that our Knowledge extends no farther in the
Nature of Things, finceit is a Topic, which,
of all others, gives me the moft ferious and per-
feCt Pleafure in the Contemplation of it. And,
fince you have taken abundant Pains to reple-
nith my Mind with the beft Treafure of this
Sort of Science, I can but love you, and return

you my ample Thanks for the fame.

T HE
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Borax 242
Box 296
Brain 312
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Breathing 182, n.
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X | 53
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ﬂi
Death 361
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Dew 200
Diamond 253
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Sight 322
Silver 249
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